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[. Introduction

VELMA - Visualizing Ecosystems for Land Management Assessments — is a spatially distributed, eco-
hydrological model that links a land surface hydrology model with a terrestrial biogeochemistry model for
simulating the integrated responses of vegetation, soil, and water resources to interacting stressors. For example,
VELMA can simulate how changes in climate and land use interact to affect soil water storage, surface and
subsurface runoff, vertical drainage, evapotranspiration, vegetation and soil carbon and nitrogen dynamics, and
transport of nitrate, ammonium, and dissolved organic carbon and nitrogen to water bodies. VELMA differs from
other existing eco-hydrology models in its simplicity, flexibility, and theoretical foundation. The model has a
user-friendly Graphics User Interface (GUI) for easy input of model parameter values. In addition, advanced
visualization of simulation results can enhance understanding of results and underlying concepts. VELMA'’s
visualization and interactivity features are packaged in an open-source, open-platform programming environment
(Java / Eclipse). The development team for VELMA version 2.0 includes Dr. Bob McKane and coworkers at the
U.S. Environmental Protection Agency’s Western Ecology Division, Dr. Marc Stieglitz and coworkers at the
Georgia Institute of Technology, and Dr. Feifei Pan at the University of North Texas.

1.1. Application of VELMA to Various Ecosystems

VELMA'’s hydrological and biogeochemical submodels have been verified for simulating the effects of changes
in climate and land use on streamflow, stream chemistry, and ecosystem carbon and nitrogen dynamics
(Abdelnour et al. 2011, 2013; http://onlinelibrary.wiley.com/doi/10.1029/2010WR010165/full;
http://onlinelibrary.wiley.com/doi/10.1029/2012WR012994/full). To date, we have calibrated VELMA for a
wide range of major ecosystem types across North America, focusing primarily on data-rich sites in the National
Science Foundation’s Long Term Ecological Research (LTER) network (http://www.lternet.edu/lter-sites). These
ecosystem types include temperate forest LTER sites in Oregon, New Hampshire, and North Carolina; the Konza
Prairie LTER in Kansas; agricultural watersheds in the Chesapeake Bay and Willamette River Basin; and the
arctic tundra LTER in Alaska.

1.2. Decision Support

We developed VELMA to help support two recent sustainability initiatives by the EPA Office of Research and
Development: the Safe and Sustainable Waters Research Program (SSWR) and the Sustainable and Healthy
Communities Research Program (SHC). Our goal is to provide comprehensive decision support tools that can
help communities, tribes, land managers and policy makers address present needs without compromising the
ability of society and the environment to meet the economic, social and environmental needs of future
generations. Key decision support goals are to (1) assess the effectiveness of natural and engineered green
infrastructure for protecting water quality of streams and estuaries, and (2) quantify the ecosystem goods
and services that ecosystems provide for humans.

VELMA was recently redesigned (version 2.0, described herein) to better address both these goals. Green
infrastructure (GI) involves the establishment of riparian buffers (streamside vegetation), cover crops, constructed
wetlands, and other measures to intercept, store and transform nutrients, toxics and other contaminants that might
otherwise reach surface and ground waters. Gl enhancements have also strengthened model capabilities for
quantifying how alternative land use and policy scenarios affect tradeoffs among important ecosystem services —
that is, the capacity of an ecosystem to provide clean water, flood control, food and fiber, climate (greenhouse
gas) regulation, fish and wildlife habitat, among others (Millennium Ecosystem Assessment 2005). Model
development has been guided by the principle of parsimony to enable VELMA to efficiently address multiple
spatial and temporal scales — plots to basins, days to centuries.

While VELMA has already proven useful for quantifying how such ecosystem services interact and respond in
concert to environmental changes (http://eco.confex.com/eco/2012/webprogram/Paper37040.html;
http://eco.confex.com/eco/2010/techprogram/P25975.HTM), it is important to also quantify the economic and
social impacts associated with such changes. Therefore, we are collaborating with Oregon State University to
link VELMA with ENVISION, a well-established decision support tool that integrates landscape GIS layers,
ecological models, economic valuation models, and user-defined stressor scenarios
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(http://envision.bioe.orst.edu/). The recently completed Envision-VELMA linkage is described in our SHC
2.1.4.2 product for September 2014.

To date, we have prototyped ENVISION for the 30,000 km? Willamette River Basin in Oregon to examine how
alternative scenarios (2010 — 2060) of land use and human population growth affect "bundled"” ecosystem
services. This work examines the capacity of the landscape to support projected increases in human populations
under alternative growth plans (smart growth, unmanaged growth, and status quo) and consequent trade-offs in
provisioning of agricultural and forest products, clean supplies of water, carbon sequestration, and habitat for
wildlife populations (Bolte et al. in review; Bolte et al. 2011, http://www.thesolutionsjournal.com/node/1019).

1.3. Products and Impacts

The major product of this research will be a set of broadly applicable decision support tools that enable
communities, client offices and other stakeholders to (1) assess the effectiveness of green infrastructure options
for protecting water quality, (2) quantify tradeoffs among ecosystem goods and services associated with
alternative land use decision scenarios, and (3) generate community sustainability indicators and their trajectories
to help communities balance environmental, economic and social criteria over timescales relevant to immediate
needs and long-term (decades to centuries) planning goals.

Using a participatory planning and outreach approach that integrates researchers, stakeholders and decision
makers, we will address several questions pertinent to community sustainability:

e Can methodologies be developed to quantify and value ecosystem services, so that this natural capital can
be better accounted for in decisions that affect the supply of the goods and services upon which human
well-being depends?

e What are the uncertainties associated with various decision options? Is there an optimal “decision path”
for restoring the natural capital needed to sustainably support communities dependent on resource-based
economies, such as the agricultural, forest, and fishing industries?

e Can those factors that have the greatest potential to improve future trajectories of ecosystem services and
human well-being be identified? For example, what green and grey infrastructure improvements, carbon
and nitrogen management practices, and growth and development policies can most effectively be
managed to attain a sustainable and desirable future?

The linkage of VELMA and ENVISION is intended to provide stakeholders with a user-friendly, visual interface
for exploring the consequences of alternative climate and land use scenarios on ecosystem service tradeoffs.
Outputs will be computer-generated visualizations of predicted changes in multiple ecosystem services, both in
biophysical and economic terms. Our overall goal is to provide a framework for integrated assessments that
identify policy and management strategies for entire ecosystems and the bundled services they provide, rather
than piecemeal assessments of individual services.

1.4. References
Abdelnour, A., M. Stieglitz, F. Pan, and R. McKane (2011) Catchment hydrological responses to forest harvest
amount and spatial pattern, Water Resources Research, 47, W09521, doi:10.1029/2010WR010165.

Abdelnour, A., R. McKane, M. Stieglitz, F. Pan, and Y. Cheng (2013) Effects of harvest on carbon and nitrogen
dynamics in a Pacific Northwest forest catchment, Water Resources Research, 49,
doi:10.1029/2012WR012994.

Abdelnour, A., R. McKane, M. Stieglitz and F. Pan. Catchment biogeochemical responses to forest harvest
amount and spatial pattern. Submitted to Water Resources Research.

Bolte, J., R. McKane, D. Phillips, N. Schumaker, D. White, A. Brookes, C. Burdick and D. Olszyk (in review),
An extensible decision support system for evaluating ecosystem services under alternative future scenarios — a
Willamette River Basin case study. EPA publication number ORD-002136

Bolte, J., R. McKane, D. Phillips, N. Schumaker, D. White, A. Brookes, and D. Olszyk (2011) In Oregon, the
EPA calculates nature’s worth now and in the future. Solutions 2(6): 35-41.

McKane, R., A. Abdelnour, A. Brookes, C. Burdick, K. Djang, T.E. Jordan, B. Kwiatkowski, F. Pan, W.T.
Peterjohn, M. Stieglitz and D.E. Weller (2012) Identifying green infrastructure BMPs for reducing nitrogen
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export to a Chesapeake Bay agricultural stream: model synthesis and extension of experimental data. The
Ecological Society of America 97th Annual Meeting, Portland, OR, August 2012.

McKane, R., M. Stieglitz, A. Abdelnour, F. Pan, B. Bond, S. Johnson (2010) An integrated eco-hydrologic
modeling framework for assessing the effects of interacting stressors on multiple ecosystem services. The
Ecological Society of America 95th Annual Meeting, Pittsburgh, PA, August 2010.

MEA, Millennium Ecosystem Assessment (2005) Ecosystems and human well-being: synthesis. Island,
Washington, DC.

[I. Changes in VELMA Version 2.0

The original version of VELMA (henceforth referred to as version 1.0 or v1.0) has been previously described
(Abdelnour et al. 2011, 2013). VELMA version 2.0 (v2.0), described herein, includes a number of important
changes that are designed to facilitate green infrastructure and ecosystem service applications of interest to
communities, tribes, land managers and policy makers. In summary, this required:

Enhancements to the hydrological and biogeochemical submodels to better simulate effects of green
infrastructure management practices on the fate and transport of water, nutrients and toxics across
multiple spatial and temporal scales — plots to basins, days to centuries (details below).

A new graphical-user-interface (GUI) to assist novice and experienced model users in scenario
development, model calibration, and visualization and interpretation of results.

Rewriting the program code in Java / Eclipse to facilitate debugging and open source (community) model
development. The version 1.0 Processing code is no longer supported.

A new user manual (this document) that provides a step-by-step guide to setting up and applying VELMA
v2.0.

Details follow on changes to the hydrological and biogeochemical submodels in VELMA v2.0:

1) Hydrological submodel:

a. Evapotranspiration (ET) submodel revised to include

i. effect of leaf biomass (surrogate for leaf area); replaces submodel for simulating effect of
stand age on ET (Abdelnour et al. 2011)

ii. effect of stand age on ET in forest systems

2) Biogeochemical submodel:

a. Single land cover simulator revised to include multiple land cover types within watersheds

b. Plant Soil Model (PSM) approach for simulating plant biomass in aggregate (Stieglitz et al. 2006;
Abdelnour et al. 2013) replaced by a Leaf-Stem-Root (LSR) submodel that simulates carbon (C)
and nitrogen (N) dynamics for leaves, aboveground stems belowground stems, and fine roots (<2
mm diameter).

c. Decomposition submodel replaced by Potter et al. (1993) submodel and further adapted to work
with LSR submodel.

d. New plant biomass mortality submodel based on changes in NPP/mortality ratio during
succession

e. Plant nitrogen uptake submodel modified to include fine root biomass dynamics

f. Nitrification and denitrification submodels revised based on unpublished corrections to Del
Grosso et al. (2001)



New nitrogen fixation submodel

h. New atmospheric nitrogen deposition submodel that accounts for time lag between dry deposition
on leaf surfaces and subsequent precipitation-driven transfer to plant-available soil nitrogen pools

i. Improved disturbance submodel and GUI for scheduling and simulating effects of fertilization,
harvest, grazing and fire on ecohydrological processes

3) New spatial climate simulator that includes effects of elevation, slope and aspect on pixel-specific
temperature and precipitation

4) Supporting submodels
a. DEM processor (PDEM) rewritten in Java with new GUI

b. New Python software (VELMA Raster Rally GIS toolbox) for preparing spatial data files (DEM,
land cover, plant biomass, nutrient pools and soil type maps) for VELMA initialization

References

Abdelnour, A., Stieglitz, M., Pan, F., & McKane, R. 2011. Catchment hydrological responses to forest harvest amount and
spatial pattern. Water Resources Research 47(9).

Abdelnour, A., B McKane, R., Stieglitz, M., Pan, F., & Cheng, Y. (2013). Effects of harvest on carbon and
nitrogen dynamics in a Pacific Northwest forest catchment. Water Resources Research 49:1292-1313.

McKane, R.B., A. Abdelnour, A. F. Brookes, C. A. Burdick, K. Djang, T. Jordan, B. Kwiatkowski, F. Pan, W.
Peterjohn, M. Stieglitz, and D. Weller. 2012. Identifying green infrastructure BMPs for reducing nitrogen export
to a Chesapeake Bay agricultural stream: model synthesis and extension of experimental data. Presented at
Ecological Society of America, Portland, OR, August 05 - 10, 2012.

McKane, R.B. 2014. Using VELMA to Quantify and Visualize the Effectiveness of Green Infrastructure Options
for Protecting Water Quality. Seminar slide presentation for EPA-ORD Green Infrastructure Seminar Series, July
30, 2014.

[II. How to Use This Manual

This user manual and its supporting documents are written and organized for several types of VELMA user
groups:

Group 1:  User describes gquestions and goals, VELMA team does the rest.
Example: EPA client offices (Regional offices, Office of Water, etc.) requiring information
on potential effects of a change in policy on water quality and other environmental
endpoints. VELMA team functions as user types 3 and 4, below, to address client questions
and goals.

Group 2:  User assembles GIS data, creates scenarios, runs simulations, analyzes data; VELMA team
calibrates hydrology & biogeochemistry submodels and supplies initial input files
(parameter values and, if necessary, initial GIS data and climate drivers).
Example: federal and state land management agencies, watershed councils and other
community groups with sufficient expertise.

Group 3:  User works independently to assemble model input files, calibrate parameters, and analyze
model output.
Example: academics and other professionals with expertise in hydrology, biogeochemistry
and GIS methods.



Group 4:  User works independently, as for (3), and modifies the program code and ecohydrological
equations. Suggested code modifications can be submitted to the VELMA development
team, who will review and may incorporate proposed modifications into updated model
Versions.

Example: academics and other professionals with expertise in hydrology, biogeochemistry,
GIS methods, and computer programming and software design.

This user manual is a reasonably complete “how to” for operating VELMA v2.0. However, rather than getting
immediately bogged down in details, we recommend that all users begin with a quick example and condensed
version of the user manual.

Use these steps:

1. Open the “VELMA v2.0” subfolder located inside the “VELMA Model” folder

2. Open the PDF “VELMA 2.0 Quick Example”. This condensed version (12 pages) of the complete User
Manual (176 pages) will guide you through a quick example of how to start VELMA and run it for a pre-
configured set of input files and parameters located in the path\folder named “VELMA Model\VELMA
v2.0\BlueRiver_Example”. This application is for a headwater forest catchment at the HJ Andrews
Experimental Forest in western Oregon (Abdelnour et al. 2011, 2013). The Quick Example PDF will
walk you through the remaining steps, below.

Confirm that you have either a Java 7 JRE installed and accessible on your machine.

Start the VELMA GUI.

Load the example Simulation Configuration File.

Set the Location of the Simulation Configuration’s Input Data Files.

Set the Location Where the VELMA Simulator Will Writer Results Files.

Save Your Parameter Changes.

9. Click the Start Button to Start a Simulation Run.

10. Look in the Specified initialOutputDatalocationRoot Results Directory for Results.

N R

These are the most basic steps for using VELMA. All user groups can benefit from the details included in the
complete User Manual (this document), although persons in each group likely will have a different approach to
using the manual.

For example, if you are a Group 2 VELMA user interested in investigating watershed responses to climate
change, you could develop and apply climate scenarios of your own design by following instructions in section 1V
in this manual. You could then apply your scenarios to an existing VELMA application — for example, the
“BlueRiver_Example” located in the “VELMA v20” folder with this User Manual. Our hope is that some Group
2 users will make the jump to Group 3 as they gain experience with VELMA and modeling methods in general.

If you are a Group 3 or Group 4 VELMA user interested in developing new simulator configurations (VELMA
applications), you may want to step through all or most of the remainder of this manual. There are a fair number
of steps, but we’ve tried to organize these in a logical way. In particular, “Chapter VI — Steps for Configuring All
Parameters TOC Sections 0.0 — 25.0” is our attempt to break up the parameterization process into manageable
pieces. Each section and its subsections are focused on parameters associated with a particular ecosystem
component or process.

If you are a Group 4 “super-user” interested in developing new algorithms or other features for VELMA, please
contact the authors of this user manual. We will be happy to provide instructions for accessing the VELMA
program code through an open source (Subversion / SVN) site where you can download the current release, and
later upload your proposed enhancements. Our intent is to make VELMA an open-source community model that
is freely accessible and will improve over time.

Before beginning, we recommend that all users become familiar with two “box and arrow” figures describing
VELMA'’s hydrological and biogeochemical pools and fluxes. The first figure is located in Appendix 6.2 section
A3 from Abdelnour et al. (2013). It describes the original (VELMA v1.0) model structure and nicely captures the
interaction of hydrological and biogeochemical processes in VELMA. The second is Figure 1 on page 43 under
“Important Information for Sections 5.0 — 25.0 of the All Parameters TOC”. It describes VELMA v2.0’s Plant
Soil Model (PSM) submodel, for which a Leaf-Stem-Root (LSR) submodel has replaced the single (aggregate)
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plant biomass pool in VELMA v1.0. Together, these figures will give users a good sense of how the model
works, and how each section of the User Manual relates to the others.

IV. Required Input Data Files for VELMA

Simulations

The primary input file for a given simulation run is an XML file of initialization parameters known as
the simulator configuration file! (often abbreviated as the “simconfig” or “the XML file). In addition
to the simulator configuration file, the following data files must be complete and available for the

VELMA Simulator to run:

FILE

TYPE

CONTAINS

Flat-Processed DEM

Spatial / Grid ASCII (.asc)

Elevation in meters

Cover Species ID Map

Spatial / Grid ASCII (.asc)

Cover Species ID integers

Cover Species Age Map

Spatial / Grid ASCII (.asc)

Cover Species age in years

Soil Parameters ID Map

Spatial / Grid ASCII (.asc)

Soil Parameterization ID integers

Precipitation Driver Data

Temporal / (.csv or .txt)

Precipitation per in mm

Air Temperature Driver Data

Temporal / (.csv or .txt)

Air Temperature in degrees C

If your simulation is using the optional spatially-explicit weather model, the following files must also be

complete and available:

FILE

TYPE

CONTAINS

Head Index Map

Spatial / ESRI Grid ASCII (.asc)

Heat index values

Precipitation Coefficients

Tabular (.csv)

Coefficient values

Air Temperature Coefficients

Tabular (.csv)

Coefficient values

Finally, the following files are not required for the VELMA Simulator to run, but providing them for a
simulation run is recommended. Their availability allows the simulator to provide more run-time
information and some additional results data. (E.g. The VELMA Simulator can only compute a Nash-
Sutcliffe coefficient value for a simulation run’s runoff data if the Observed Runoff data file was

provided as part of the input data).

FILE TYPE CONTAINS

Observed Runoff Temporal (.csv or .txt) Observed runoff in mm

Observed Stream Chemistry Temporal Tabular (.csv) Observed chemistry values

L “Simulator Configuration” and “Simulation Configuration” are both used as the term for this primary file. The former
emphasizes the fact that the file’s contents configure the simulator, while the latter emphasizes the (equally true) fact that
the file’s contents form a particular configuration of a given simulation scenario.
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The Simulator Configuration file specifies the Names of all other input data files.

When you run a VELMA Simulation, the simulator engine is given the simulator configuration file. The
first thing the simulator engine does is initialize itself, using the key-value pairs in the file. Each of the
required or optional files mentioned above is present as a key-value pair in the simulator configuration

file.

FILE

CONFIGURATION ID KEY

Flat-Processed DEM

/calibration/VelmalInputs.properties/input_dem

Cover Species ID Map

/calibration/VelmalInputs.properties/coverSpeciesIndexMapFileName

Cover Species Age Map

/calibration/Velmalnputs.properties/coverAgeMapFileName

Soil Parameters ID Map

/calibration/VelmalInputs.properties/soilParametersIndexMapFileName

Precipitation Driver Data

/weather/SpatialWeatherModel/rainDriverDataFileName

Air Temperature Driver
Data

/weather/SpatialWeatherModel/airTemperatureDriverDataFileName

Head Index Map

/weather/SpatialWeatherModel/heatIndexMapFileName

Precipitation
Coefficients

/weather/SpatialWeatherModel/rainCoefficientDataFileName

Air Temperature
Coefficients

/weather/SpatialWeatherModel/airTemperatureCoefficientsDataFileName

Observed Runoff

/calibration/Velmalnputs.properties/input_runoff

Observed Stream
Chemistry

/calibration/Velmalnputs.properties/input_stream_chem

ID keys for required input data files must have the name of an existing, valid and readable file?
specified, while optional input data files ID keys may be left blank.

2 Sometimes just the name and extension of the file will do, sometimes the fully-specified path must be included as part of
the name, and sometimes the path is optional. This unfortunately-confusing state of affairs exists due the history of the
Simulator’s development. For the input data files discussed here, supply only the name and extension as an ID Key’s value.
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The Simulator Configuration file specifies the Location of all other input data files.

The simulation configuration specifies the location of a directory (a.k.a. “folder”) and the VELMA
simulator engine looks in that directory for the input data files specified by the appropriate ID Keys (as
listed in the previous table). The simulation configuration uses two, separate ID Keys to specify one
fully-qualified path + directory name:

Location Path /startups/VelmaStartups.properties/inputDatalocationRootName

Directory Name /startups/VelmaStartups.properties/inputDatalLocationDirName

The fully-qualified location of input data files is Location Path + “/” + Directory Name.
For example, the following ID Key values:

ID Key Value

/startups/VelmaStartups.properties/inputDatalocationRootName | C:/MyVELMA InputData

/startups/VelmaStartups.properties/inputDatalLocationDirName LittleMtn_Watershed

... Indicate that the VELMA simulator should look for input data files in this directory:
C:\MyVELMA_InputData\LittleMtn_Watershed

IMPORTANT NOTE

The example above uses Microsoft Window file system ““back slash’ separators, however you should
ALWAYS use “forward slash” (a.k.a. Unix-style) separators when specifying path name values for the
simulator configuration’s ID Keys.

Given the fully-qualified input data location in the example above, suppose the LittleMtn_Watershed’s

DEM file name (for ID Key /calibration/VelmaInputs.properties/input_dem) was specified as:
LittleMtn_30m_DEM.asc

The VELMA simulator would attempt to open and read elevation data from the file:
C:\MyVELMA InputDatal\LittleMtn_Watershed\LittleMtn_30m_DEM.asc

Details of Specific File Formats

Broadly speaking, the VELMA simulator needs two types of input or driver data: Spatial and Temporal.
A spatial data value is something associated with a particular cell location. A temporal data value is
something associated with a particular time step of a simulation run. Spatial data is nearly always input
from files in ESRI Grid ASCII format (.asc), while temporal data is input from files with either comma-
separated value format (.csv), or simple text files (.txt)

ESRI Grid ASCII (.asc)

A raster GIS file format specified by ESRI. See this Wikipedia article for an overview:
“ESRI grid”

http://en.wikipedia.org/wiki/ESRI_grid
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Comma-Separated Value (.csv)

An informal, de-facto standard format that represents tabular data in a file as a sequence of lines (rows)
of comma-separated values (columns). There is no formal standard for CSV data, but good overviews
are provided by this Wikipedia article:

“Comma-separated values”

http://en.wikipedia.org/wiki/Comma-separated value

And this RFC document:

“RFC 4180 — Common Format and MIME Type for Comma-Separated Values (CSV) Files”
http://tools.ietf.org/html/rfc4180

Simple Text Files (.txt)

These are plain-text files of the sort created by Microsoft’s Text Editor, or by saving a Microsoft Word
document as “Plain Text”.

Details of Specific Input Data Files

The Flat-Processed DEM File

A spatial data file (.asc) containing elevation values (in meters) for every cell in the simulation area.
The term “Flat-Processed” indicates that the contents of the file have been pre-processed by the JPDEM
flat-processing utility. The DEM file is the “master” film for a simulation run: all other spatially-
explicit data is assumed to have the same row, column, cell size and X, y offset values as the DEM file.

See “Appendix 7: Creating Flat-Processed DEM Data For The VELMA Simulator and Determining
Outlet and Watershed Delineation” for details on the use of the JPDEM.jar program to flat process a
DEM file.

The Cover Species ID Map File

A spatial data file (.asc) containing cover species ID numbers for every cell in the simulation area. The
ID numbers must be integers, and must correspond to one or more of the simulator configuration’s
/cover/../uniqueId ID Key values.

The Cover Species Age Map File

A spatial data file (.asc) containing ages (in years) for every cell in the simulation area. The age of a
given cell in the file represents that cell’s cover species’ age in years at the simulation start year
(specified in the simulator configuration by the /calibration/VelmaInputs.properties/syear ID Key’s
value).

The Soil Parameters ID Map File

A spatial data file (.asc) containing Soil Parameterization ID numbers for every cell in the simulation
area. The ID numbers must be integers, and must correspond to one or more of the simulator
configuration’s /soil/../uniqueId ID Key values .
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The Precipitation Driver Data File

A temporal data file containing a rain value in millimeters for each day of the simulation.

The data is formatted as one value per line in the file, and the file should have as many lines as there are
days between the simulator configuration’s specified forcing_start and forcing_end values.

For example, if the simulation configuration has the following values specified:

ID Key Value
/calibration/VelmalInputs.properties/forcing_start 2000
/calibration/VelmalInputs.properties/forcing_end 2001
/weather/SpatialWeatherModel/rainDriverDataFileName MyRainData.csv

... the VELMA simulator will expect the file MyRainData.csv to contain exactly 731 lines of data (366
days + 365 days for years 2000 + 2001) one value per line. The first five lines of the file might look like
this:

29.6500000
67.1500000
14.4000000
28.3250000
33.4000000

[ . ]

Notice that although MyRainData.csv is a .csv (comma-separated values) file, it has no header row, and
no commas (because there is only one “column” of data). Notice also that there is leading whitespace in
front of the data values; leading whitespace is not required, and is ignored.

Because there is no difference between a single-column, no-header-row, comma-separated values (.csv)
file, and a simple plain text (.txt), the VELMA simulator will accept either a .csv or .txt file extension
for the precipitation driver file, although the .csv extension is preferred.

The Air Temperature Driver Data File

A temporal data file containing a value in centigrade for mean daily temperature (i.e., the average of
daily Tmin and Tmax) for each day of the simulation. The data is formatted according to the same rules
as the precipitation driver data file; one value per line, one line per possible simulation day.

The Heat Index Map File

A spatial data file (.asc) containing a heat index value for every cell in the simulation area. The heat
index value is computed from elevation, slope and other factors.

The Heat Index Map File is only required when the spatially-explicit weather model is used. Otherwise,
the file may be left unspecified in the simulator configuration.

The Precipitation Coefficients File

A comma-separated values (.csv) file containing a table of coefficients for the spatial weather model’s
precipitation equation. The file must contain 13 rows of 6 comma-separated values (columns) each.
The first row is a header row, and the remaining 12 rows provide values for the equation’s a, b, ¢, d and
e coefficients for each month of the year.

Here is an example table of values:

15




month a b C o =
1 289751 0011833 5.24E-05 -3.94717 -0.09635
¢ 2415404 0006131  BIE-05 -515183 0.892817
3 2108037 0037236 46ZE-05 -4.20577 0.951434
4 9640946 0080534 7.44E-06 -1.44569 1.2509R/1
R 88.34944 0014202 3.06E-05 -0.20094 1.2592G66
B 5351838 0048195 953E-06 0873204 1.2973749
7 13.08702 0023576 2.49E-06 0636924 0.635524
8 21.89397 778E-0% G.23E-06 -0.00893 0.199088
9 70.03036 0007583 2.39E-05 -0.00868 0.959202
10 1244332 -0.00302 3.59E-05 -1.16562 0.890761
11 316.075 0072349 4.32E-06 -4.40543 1.247633
12 2907049 0034712 4.62E-05 -4.46288 0.495517

and here are the lines from the corresponding .csv data file:

month,a,b,c,d,e
1,259.751,0.011833,5.24E-05,-3.94717,-0.09685
2,241.5404,0.006131,6.10E-05,-5.15183,0.892817
3,210.8037,0.037236,4.62E-05,-4.20577,0.951439
4,96.40946,0.080534,7.44E-06,-1.44569,1.250961
5,88.34944,0.014202,3.06E-05,-0.20094,1.259266
6,53.51838,0.048195,9.53E-06,0.873204,1.297879
7,13.08702,0.023576,2.49E-06,0.686924,0.685529
8,21.89397,7.78E-05,6.23E-06,-0.00893,0.199088
9,70.03036,0.007598,2.39E-05, -0.00868,0.959202
10,124.4332,-0.00302,3.59E-05,-1.16562,0.890761
11,316.075,0.072349,4.32E-05,-4.40543,1.247633
12,290.7049,0.034712,4.62E-05,-4.46288,0.495517

The Precipitation Coefficients File is only required when the spatially-explicit weather model is used.
Otherwise, the file may be left unspecified in the simulator configuration.

The Air Temperature Coefficients File

A comma-separated values (.csv) file containing a table of coefficients for the spatial weather model’s
air temperature equation. The file must contain 13 rows of 10 comma-separated values (columns) each.
The first row is a header row, and the remaining 12 rows provide values for the equation’s a,..,j and X
coefficients for each month of the year.

Here is an example table of values:
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month b C d g q h i | X

1 0007047 0018444 275E-06 -1.02696  -0.00434 0.012177  -1.6E-05 BEOG4EE E79.15
2 00067458 0065628 276BE-06 1.024445 -0.00545 0.0378565 -15E-05 §.955362 bod.26
3 000442 0041912 1.47E-06 5402304 -0.00856 0.039723  -B7E-0B 11.03547 B99.67
4 000234 0053357 253E-07 1024696 -0.00637 0.043574 B13E-06 1399034 818.03
5 0004219 0059169 1.86E-06 §916032 -0.00707 0.056035 -1.2E-05 16.60074 F95.66
B 000222 0046785 -1.3E-06 1698087 -0.00684 0.078366 1.33E-06 20.81386 B2Y.7h
¢ -0.00123 0.004355 -2BE-06 1938073 -0.00633 0.073345 -1.9E-06 2354351 81457
§ 000023 000407 -26E-06 18.81907 -0.00585 0.092057 9.03E-08 2353079 53626
5 00m47s -0.0342 -23E-06 1480855 -0.00612 0.047614 7EE-OB 2083291 791.84

10 -0.00023 0018716 -1.2E-06 11.7024% -0.00641 0312236 -8.6E-06 1677307 §19.27
11 0002002 00140249 -26E-0Y 3771477 -0.00556 0.027117  -1.4E-05 941240 74545
12 000647 00474649 2EYE-06 -1.28579 -0.00349 0007256 -1.7E-05 B.OY96779 B74.34

and here are the lines from the corresponding .csv data file:

month,b,c,d,e,g,h,i,j,x
1,0.007047,0.018444,2.75E-06,-1.12696,-0.00434,0.012177,-1.60E-05,6.606466,679.15
2,0.006148,0.065628,2.75E-06,1.024448,-0.00545,0.037565,-1.50E-05,8.958362,684.28
3,0.001492,0.041412,1.47E-06,5.402304,-0.00656,0.039723,-5.70E-06,11.03547,699.67
4,-0.00239,0.053357,2.53E-07,10.24696,-0.00697,0.043574,6.13E-06,13.99039,818.03
5,0.004219,0.059169,1.86E-06,8.916032,-0.00707,0.056038,-1.20E-05,16.80074,698.66
6,-0.00222,0.046785,-1.30E-06,16.98087,-0.00684,0.078366,1.33E-05,20.81386,827.75
7,-0.00123,0.004955,-2.50E-06,19.38073,-0.00633,0.073345,-1.90E-06,23.54351,814.57
8,-0.00023,0.00407,-2.60E-06,18.81907,-0.00585,0.092057,9.03E-06,23.53079,836.26
9,0.001476,-0.0342,-2.30E-06,14.80655,-0.00612,0.047614,7 .60E-06,20.83291,791.89
10,-0.00023,0.018716,-1.20E-06,11.70249,-0.00641,0.112236,-8.60E-06,16.77907,819.27
11,0.002002,0.014029,-2.60E-07,3.771477,-0.00556,0.027117,-1.40E-05,9.412401,745.95
12,0.00697,0.047469,2.59E-06,-1.28579,-0.00399,0.007256,-1.70E-05,6.096779,674.34

The Air Temperature Coefficients File is only required when the spatially-explicit weather model is
used. Otherwise, the file may be left unspecified in the simulator configuration.

The Observed Runoff Data File

An (optional, but recommended) temporal data file containing a runoff value in millimeters for each day
of the simulation. The data is formatted according to the same rules as the precipitation driver data file;
one value per line, one line per possible simulation day. The VELMA simulator engine can run without
an observed runoff data file, but the Nash-Sutcliffe coefficient value automatically computed as part of
the simulation results will be invalid if the observed runoff data is unavailable.

The Observed Stream Chemistry Data File

An optional temporal data file containing observed DON, NH4, DOC and NOz loss values for each day
of the simulation. The data is formatted as four comma-separated values per line, one line per possible
simulation day. The first five lines of an observed stream chemistry data file might look like this:

0.000409543,7.73582E-05,0.013059883,9.10096E-06
4.76427E-05,9.52854E-06,0.002572705,0
9.50966E-05,2.8529E-05,0.006276374,4.75483E-06
4.76506E-05,4.76506E-06,0.002001324,0
4.76506E-05,4.76506E-06,0.001620119,0

[

o]

In this example snippet, the first day’s observed loss values would be:
DON = ©.000409543
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NH4
DOC
NO3

7.73582E-05
0.013059883
9.10096E-06

Note that, like the Observed Runoff data file, there is no header row (initial line of column header titles)
in the observed stream chemistry file.

V. Creating a Simulator Configuration
(New VELMA Application)

Required Input Files
The following simulation data input files must be available prior to creating a new VELMA application:

1.

o gk wh

JPDEM flat-processed Grid ASCII (.asc) DEM map file. (see JPDEM user guide in Appendix 7)
Cover Species ID Grid ASCII map (.asc) file.

Cover Species Age Grid ASCII map (.asc) file.

Soil Parameters ID Grid ASCII map (.asc) file.

Daily Rainfall driver data file (.txt or .csv) file.

Daily Air Temperature data file (.txt or .csv) file.

Configuration Steps
With the above files available, perform the following steps:

1.

No akrowd

Start the JVelma graphical user interface (GUI)

Create a New Simulator Configuration

Specify Startup Parameters

Specify Input Parameters

Specify Weather Parameters

Add and Specify Parameters for Each Cover Species

Add and Specify Parameters for Each Soil Parameterization

Additional details for these steps appear in the following pages.
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Start the J[Velma GUI

To start the JVelma GUI, open a Windows command prompt, and launch the GUI via Java and the
JVelma.jar file.

Here is an example of the form the startup command takes:
C:\> java -Xmx1024m -jar C:\Some\full\Path\JVelma.jar

Of course, replace C:\Some\full\Path\ with the actual, fully-qualified path name of the location where
your copy of the JVelma.jar file resides.

Here are a couple of screen captures showing actual command lines for starting JVelma:

BN Command Prompt

(In the above screen-capture, the double-quotes around the fully-qualified path+name of the JVelma.jar
file are required because the text of the path contains whitespace.)

BN Command Prompt

(When there is no whitespace in the entire path the double-quotes are not required.)

The “-Xmx1024m” command line option specifies the amount of memory available to the JVelma GUI
and simulator. The value 1024 is in Megabytes, so this command line allocates a 1 Gigabyte memory
space for the JVelma GUI and simulator to run in. You can allocate more memory than 1 GB (e.g. the
option “-Xmx4096m” would allocate 4 GB) but if you allocate more memory than your computer can
make available, JVelma will fail to start properly.
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Once you type in the command line and press the enter key, the JVelma GUI should begin running.
Initially, the GUI looks like this:

File Edit
lT’ Run Parameters r All Parameters r Chart rConsole |

[] use Nitrification Model

DEM File [] use Denitrification Model

Columns Rows cell Size -
[] use Evapotransipration-based uptake

Outlet X Outlet Y
[] Disable the PSM Water Stressor

Available From To
NH, Fraction
Run Simulator From To h
Humber of Loops NO, Fraction
NashSutcifl CoofficientlorRunctt DO Fraction
Compute From To DOC Fraction

NO CONFIGURATION LOADED

i

START
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Using the GUI

Click the Edit menu’s Create a New, Empty Configuration item:

| £ VELMA = Eoh =
File | Edit|
Ruf Create a New, Empty Configuration prt | Console |

Cell Data Writer
Cover Species
pew| Disturbances

Soil Parameterization

I [ use Nitrification Model

[] use Denitrification Model

v|lw|[>r v v v =

Rows Cell Size -
Spatial Data Writer [] Use Evapotransipration-based uptake
S Set Weather Model ||tlet\‘_ [] Disable the PSM Water Stressor
Set Tidewater Model . Chemistry Loss Rates to Stream |
Ru| Remove Unused Parameters To S FITEITT
Import Parameters from Xml NO,, Fraction
Nash-Sutclffe Coefficent for Runotf DON Fraction
Compute From To DOC Fraction

START NO CONFIGURATION LOADED

Clicking this item creates a new, empty simulation configuration in the JVelma GUI and opens the All
Parameters table view. The All Parameters table lists the Group, Item and Parameter keys and the
current value of all the parameters used by a single VELMA simulation run. When we speak of the
“Simulation Configuration”, this list of parameters is what we’re speaking of.
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For demonstration purposes, here is an annotated screen-captured snapshot of the All Parameters table
for an existing simulator configuration (cells under the Value column will be blank for new simulator
configurations):

| % VELMA Selecting a text in the selector field, or typing text into the text fields then e )
= pressing the Enter key causes the All Parameters table to hide any rows that don't
— contain the text you typed, for corresponding columns.
Run Parameters [ All Parametgls I’Chart rConsoIe | yJ 1 1
F 3 r 3 | |
Clear Filters | | l |'| ! " ‘ " * | | Replace Values |
a 211 Configuratifn Parameters / ’ \ | - |
weathigr DefaultWeatherModel snowMeltRate 5.0 |~
weathigr DefaultWeatherModel raininSnowEffect 0.5
weathr You can sort the rows of parameters by clicking noriverDataFileliane L
- on the col.umn titles. E.g. to sort by the ltem queld 1
column click the ltem column header cell.
weathfr Clicking a column header more than once 2l1Class gov.epa.velmasimilator.DefaultiWe. .. | |
weathfjr toggles the sorting back and forth between queName DefaultWeatherModel
weathfir .ascendlng an:" descelrl'ldlng. Note that there TemperatureDriverDataFileName
is no way to "unsort” the columns once they
weathyz are sorted, but the sorting can always be varied. wheltlemperature 2.0
weathgr DefaultWeatherModel snowFormationTemperature -1.0
calibretion Velmalnputs.properties goilParametersIndexMapFileName
calibriition Velmalnputs.properties input_runoff
calibriion Velmalnputs.properties cavIracelogFileName
c‘.alibra\icn Velmalnputs.properties forcing_ start [u] '
calibrat\n Velmalnputs.properties cell 0 o .
Yellow indicates blank (unspecified)
calibration VelmaTnmita . nronerties F ¥kal i]
X ; i arameter values. Not all blank
Click the "Clear Filters" button to clear any/all filters P .
calibration [P ’ mlationFileName values must be specified (some para-
currently specified in selector and/or text fields. i D, Th 0
calibration Velmalnputs.properties outy [u] meters are D|:ttlona ] Ll .eye ow
background simply highlights blank
calibration Velmalnputs.properties outx [u] values and makes them easy to spot.
calibration VelmaInputs.properties initializeOutputDatalocationRoot
calibration VelmaInputs.properties cell0ffset¥ [u]
calibration VelmaInputs.properties 3ttty [u]
calibration VelmaInputs.properties input_soil_depth
calibration VelmaInputs.properties cell0ffsetX [u]
calibration VelmaInputs.properties sdmm [u]
calibration VelmaInputs.properties input_so0il_txt
calibration VelmaInputs.properties input_stream_ chem
calibration VelmaInputs.properties forcing_end [u]
calibration VelmaInputs.properties syear [u]
calibration VelmaInputs.properties number0fLoops [u]
calibration Velmalnputs.properties flowDirectionFileName =
START Simulator Data RESET

In addition to filtering by an arbitrary text string, the filter field at the top of the table can be set to any of
several pre-composed filtering expressions.

For example, In the All Parameters table, click “Clear Filters” at the left of side of the filter fields, then

click the drop-down button (B) on the right side of the leftmost filter field to display a drop-down
menu (see demonstration, below).
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Using the GUI to Specify Startup and Input Parameters

Specify Startup Parameters
In the All Parameters table, click the first (Ileftmost) filter field’s drop-down button and select “startups”

from the drop-down list:

File Edit
[ Run Parameters [ All Parameters | Chart | Console
Clear Filters startups ﬂ'_v ) " " | | Replace Values |
1.0 Input D N |v|
% RO SEAELHDE oo e
calibration —
startups COvED maStartups.properties cellFileWriteraDirlame LetiveCellWriters
disturkance . .
3tartups maStartups.properties collectCalikbrationData true
ellDataWriter
startups spatialDataWriter maStartups.properties disturbanceModelsDirName ActiveDisturbanceModels
3tartups 3o0il maStartups.properties inputDatalocationDirName EhodeRiver W51059 10m
| weather
|| startups maStartups.properties inputDatalocationRootName C:/Users/bmckane/Docume. ..
l| startups VelmaStartups.properties notesText W51059_10m MultiCover Co...
| startups VelmaStartups.properties setEndStateSpatialDatalocationName
3tartups VelmaStartups.properties setStartStateSpatialDatalocationName
I 3tartups VelmaStartups.properties spatialFileWritersDirName ActiveSpatialFileWriters
|
I 3tartups VelmaStartups.properties suppresshkllfutputFiles false
3tartups VelmaStartups.properties useExperimentalHydrologyCode false
3tartups VelmaStartups.properties useExperimental PamCode false
| startups VelmaStartups.properties useMercuryCode false

The resulting display shows 13 “startups” parameters under the 3 column. For now, we will focus on 2
startup parameters that VELMA uses to locate simulation input files at the start of a simulation. You will
need to specify a valid value in the 4™ column for these:

inputDatalLocationDirName

inputDatalocationRootName

Specify Input Parameters

Under the All Parameters menu tab, in the 2nd filter field to the left of the “Clear Filters” button, type
“Velmalnputs” (case sensitive, without the double-quotes):

The name of the directory containing your simulation input

data files

The fully-qualified path above the directory name you
specified for inputDataLocationDirName
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File Edit

Run Parameters kﬁllParamelersH Chart Cong_gjﬁ

. ———— .
Clear Filters | | Velmalnputs
.

|| Replace Values |

10.0

Transpiration

|v|

calibration

Velmalnputs.properties

cell

10.0

calibration

Velmalnputs.properties

cellOffsetX

3600.43654274

calibration

VelmaInputs.properties

cellOffsetY

4302970.1335843

calibration

WVelmalnputs.properties

coverfigeMapFilelame

ageclass_lOm.asc

calibration

Velmalnputs.properties

coverSpeciesIndexMapFileName

corn_reclass_l0m.asc

calibration

VelmaInputs.properties

csvIracelogFileName

GlockalTracelog.csv

calibration

WVelmalnputs.properties

delineationManfestlocationName

calibration

Velmalnputs.properties

eyear

2003

calibration

Velmalnputs.properties

£_kal

0.o002

calibration

VelmaInputs.properties

£ ksv

0.0015

calibration

WVelmalnputs.properties

flowAccumulationFileName

calibration

Velmalnputs.properties

flowDirectionFileNams

ralihration

VelmaTnrmta nronertisa

forcina end ann3 .

In the displayed subset of configuration parameters, enter values for the following parameters:

input_dem

cell

ncol

nrow

cellOffsetX
cellOoffsety

outx

outy

coverAgeMapFileName

coverSpeciesIndexMapFileName

soilParametersIndexMapFileName

forcing_start

forcing_end

The name (plus extension, “.asc™) of this simulation’s DEM
spatial data file. The simulator will look for the file in the
directory specified by the inputDataLocationDirName + “/” +
inputDataLocationRootName that you specified as Startups
parameters.

The width of a cell in the DEM grid (should match the “cellsize”
header value in the DEM Grid ASCII file and will be a value in
meters).

The number of columns in the DEM grid (should match the
DEM Grid ASCII file’s ncols header value).

The number of rows in the DEM grid (should match the DEM
Grid ASCII file’s nrows header value).

Horizontal (column) offset of the DEM's zeroth pixel in meters.
Vertical (row) offset of the DEM's zeroth pixel in meters.

The zero-based x-coordinate (column index) of the outlet cell for
this simulation’s watershed.

The zero-based y-coordinate (row index) of the outlet cell for
this simulation’s watershed.

The name (and “.asc” extension) of this simulation’s cover
species age spatial data map.

The name (and “.asc” extension) of this simulation’s cover
species ID spatial data map.

The name (and “.asc” extension) of this simulation’s soil
parameterizations ID spatial data map.

The first year (inclusive) of temporal data available for
simulation runs.

The last year (inclusive) of temporal data available for
simulation runs.

24



syear The starting year of the simulation run.
eyear The ending year of the simulation run.

input_runoff The name of the observed runoff data for simulation runs.
(Specifying this file is optional, but highly recommended.)

input_stream_chem The name of the observed stream chemistry data for simulation
runs. (Specifying this file is optional, but highly recommended.)

run_index The name of the directory where the VELMA simulation will
save simulation results files.

initializeOutputDataLocationRoot The fully-qualified path above the directory name you specified
for the run_index.

The drop-down filter field menu above the “Group” column can also be used to add and specify
parameters for the other parameter categories listed: cover, disturbance, cellbatawriter,
spatialDataWriter, S0il, and weather:

File Edit /,__._.—-—-\
Run Parameters FAII Parameterg r Clg.:Lr Console |
—
Clear Filters | so0il {|v " || | | Replace Values |
=
4.0 Soil Tyy |v|
o ] SLArtpE 0 DD
TG - : - 10 —
301l cover bulkDensity 1.52
disturbance
30il bulkDensity 1.52
ellDataWriter
301l apatialDataliriter bulkDensity 1.52
soil s0il bulkDensity 1.52 L
[Weather
soil T bulkDensity 1.52

However, we recommend that you use the “All Parameters Table of Contents” described in the next
section to configure these and other subsets of parameters.

Overview of the All Parameters Table of Contents (TOC)

The “All Parameters Table of Contents” (TOC) provides users with a logical sequence of steps for
creating a new simulator configuration, or for quickly locating and calibrating parameters for existing
configurations.

To access the All Parameter TOC, click the GUI’s “All Parameters” tab, then click the drop-down

button (E) located on the right side of the 4-window filter field (don’t confuse this button with the one
located next to the leftmost filter field):
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File Edit

e
Run Parameters{ | All Parameters || Chart | Console
Clear Filters | | - | " " | ‘ Replace Values

0.0 211 Configuration Parameters {|v
\‘-T

All Configuration Parameters |

Input Data Location

Results Data Location (Results Data Directory Placed Under This Location)
Results Data Directory Name (Results Data Placed in Directory With This Name)

Results Directory Logfile Names

Spatial Dimensions and DEM File
DEM Row and Column Counts
DEM Cell Size (Rssumes a square cell, i.e. Widcth and Height equal)
Watershed Outlet (X and Y coordinates are Column and Row indices)
So0il Types
Soil ID Map File
Soil IDs and Names
Soil Depth Values
Soil Depth Direct Specification
Soil Depth Indirect Specification
Soil Ks Values
501l Ks Values Direct Specification

(SIS

Soil Ks Values Indirect Specification
Soil Other Hydrologic Parameters
Cowver Types
Cover ID Map File
Cover Age Map File
Cover IDs and Names
Cover Carbon-To-Nitrogen Ratios
Cover Uniform-Cell Initialization Amounts
Cover Gale-Grigal Root Parameters

B T R = LI T T T T T P e R = S =)
[

Cover Leaf Stem and Root Pool Parameters

o th 1 D 1 e e i e e e e e e e L0 D L Lo R R R S

1 Cover Leal Pool Parameters -
T

That drop-down menu that appears is designed to organize subsets of model parameters in a “Table of
Contents” format. The screenshot above shows the first page of the All Parameters TOC. Additional
pages can be viewed by holding your mouse cursor over the TOC and scrolling down.

In all, the TOC includes 26 main sections (0.0 — 25.0), each of which addresses a particular simulation
configuration procedure.

The All Parameters TOC is designed to:
— Provide a structured step-by-step guide for building a new simulator configuration.

— Help users quickly make specific adjustments to an existing simulator configuration, for
example, to change the directory path and/or folder name for input and output files, or to
calibrate a particular subset of parameters for a hydrological or biogeochemical process.

All Parameters Table of Contents

Click an underlined hyperlink to jump to configuration instructions

0.0 All Configuration Parameters
1.0 Input Data Location

2.0 Results Data Location
2.1 Results Data Directory Name
2.2 Results Directory Logfile Names

3.0 Spatial Dimensions and DEM File
3.1 DEM Row and Column Counts
3.2 DEM Cell Size (Assumes a square cell, i.e. Width and Height equal)
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3.3 Watershed Outlet (X and Y coordinates are Column and Row indices)

4.0 Soil Types

4.1 Soil ID Map File

4.2 Soil IDs and Names

4.3 Soil Depth Values
4.3.1 Soil Depth Direct Specification
4.3.2 Soil Depth Indirect Specification

4.4 Soil Ks Values
4.4.1 Soil Ks Values Direct Specification
4.4.2 Soil Ks Values Indirect Specification

4.5 Soil Other Hydrologic Parameters

4.0 Soil Types
4.1 Soil ID Map File

Important Information for Sections 5.0 — 25.0 of the All Parameters TOC

5.0 Cover Types

5.1 Cover ID Map File

5.2 Cover Age Map File

5.3 Cover IDs and Names

5.4 Cover Carbon-To-Nitrogen Ratios

5.5 Cover Uniform-Cell Initialization Amounts

5.6 Cover Gale-Grigal Root Parameters

5.7 Cover Leaf Stem and Root Pool Parameters
5.7.1 Cover Leaf Pool Parameters
5.7.2 Cover Above-Ground Stem Pool Parameters
5.7.3 Cover Below-Ground Stem Pool Parameters
5.7.4 Cover Root Pool Parameters

6.0 Weather Model
6.1 Weather Rain Driver File
6.2 Weather Air Temperature Driver File
6.3.1 Weather Model Coefficients Files (Only Spatial Weather)
6.4 Latitude/Longitude
6.5 Solar Radiation
6.6 Soil Layer Temperature

7.0 Initialize Uniform Water Amount per Cell

8.0 Chemistry Pools (Dissolved C and N)
8.1 Chemistry Amounts for uniform cell-initialization
8.2 Chemistry Water Loss Fractions

9.0 _Nitrogen Deposition
9.1 Nitrogen Deposition Model Selection (useExperimental=true HIGHLY RECOMMENDED)
9.1.1 Nitrogen Deposition Parameters
9.1.2 Old (DEPRECATED) Nitrogen Deposition Parameters

10.0 Transpiration
10.1 Core PET and ET Parameters
10.2 ET Recovery On/Off ?
10.2.1 ET Recovery Parameters
10.3 Transpiration Limiter On/Off ?
10.3.1 Transpiration Parameters
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11.0 Plant Uptake
11.1 Plant Uptake NH4-specific
11.2 Plant Uptake NO3-specific
11.3 Plant Uptake GEM Temperature Component
11.4 Plant Update NPP Distribution Fractions
11.5 Plant Uptake Phenology

12.0 _Plant Mortality
12.1 Plant Mortality Logistic or Linear ?
12.1.1 Plant Mortality Logistic Parameters

12.1.1.1 Plant Mortality Leaf Logistic Parameters
12.1.1.2 Plant Mortality Above-Ground Stem Logistic Parameters
12.1.1.3 Plant Mortality Below-Ground Stem Logistic Parameters
12.1.1.4 Plant Mortality Root Logistic Parameters

12.2 Plant Mortality Phenology

13.0 Decomposition
13.1 Decomposition Nitrogen-To-DON Fraction
13.2 Decomposition CO2 Respiration Fraction
13.3 Decomposition Microbe Efficiency
13.4 Decomposition Cover-Specific Parameters

14.0 Nitrogen-Fixation
14.1 Nitrogen-Fixation On/Off ?

15.0 Nitrification
15.1 Nitrification On/Off ?
15.1.1 Nitrification Function Type
15.1.2 Nitrification Soil-Specific Parameters
16.0 Denitrification
16.1 Denitrification On/Off ?
16.1.1 Denitrification Core Parameters
16.1.2 Denitrification Soil-Specific Parameters
17.0 _Simulation Run Schedule
18.0 Years to Compute Nash-Sutcliffe for Runoff
19.0 Observed Data Files
20.0 _Simulation-End Data Capture for Spin-up Initialization Use
21.0 _Simulation-Start Initialization from Spin-up Data
22.0 _Cell Data Writer Items
23.0 Spatial Data Writer Items
23.1 Spatial Data Writer Items by Model Type
23.2 Spatial Data Writer Items Data Sources
23.3 Spatial Data Writer Items Core Scheduling
23.4 Spatial Data Writer Items Output Map Size
24.0 Disturbance Items
24.1 Disturbance Items by Model Type
24.2 Disturbance Items Core Scheduling
24.3 Disturbance Items Spatial Specifiers (Raster Rally)

25.0 Runtime Chart Display Scale
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VI. Steps for Configuring All Parameters TOC
Sections 0.0 - 25.0

0.0 — All Configuration Parameters  (link to All Parameters TOC)

Using the drop-down button (B) on the right side of the filter field, select All Configuration
Parameters from the All Parameters menu.

File Edit —
| Run Parameters (] All Parameters | chart | console |
Clear Filters | [\P_J |v| " || | | Replace Values _,
0.0 A1l Configuration Pamterh t|v
calibration VelmaCalibration.properties avghT 8.2 %
calibration VelmaCalibration.properties avg:E3T 8.5 |
calibration VelmaClalibraticn.properties be 10.0
calibration Velmalalibration.properties co2RespirationFraction 0.99
calikration VelmaCalibration.properties LDD3 5.0
calibration VelmaCalibration.properties deg_lat 44,205122
calibration VelmaCalibration.properties deg_lon -122.281516
calibration VelmaCalibration.properties denitDiffusivicy 9.5
calibration Velmalalibration.properties disablePsmWaterStressor false
calikration VelmaCalibration.properties dry_nin 0.1
calibration VelmaClalibration.properties errthreshold 0.010
calibration VelmaClalibration.properties initial doc 30.0
calibration VelmaCalibration.properties initial don 1.5
calibration VelmaCalibration.properties initiallh4 0.1
calibration VelmaClalibraticn.properties initiallo3 0.1
calibration Velmalalibration.properties initialUniformSoilMoisture 0.453
PR, N P L P R, San 1227 A

This view displays all Groups, Items, Parameters and Values for a simulator configuration in a
single, scrollable view. To see a pop-up description of any Group, Item or Parameter in any
cell, hover the mouse cursor over the cell.

Alternatively, these descriptions are summarized here in an Excel file located here:
Filename: VELMA 2.0_Description of Calibration Parameters.xlsx
Folder location: VELMA Model\Supporting Documents\Excel Calibration Files

The All Configuration Parameters view contains an overwhelming amount of
information, but the user has some search options for organizing and selecting
things of interest. Experienced users may find that any of the first three search
options, below, are useful for finding a specific parameter of interest in an existing
simulator configuration.

Option 1 — For some purposes it is useful to use the All Configuration Parameters view to locate,
sort and select parameters of interest. For example, you can sort columns by double clicking the
Group, Item, Parameter or Value column headers (turquois). You can also right click a
particular cell and select “Set Column Filter to cellname”, which will display values for the
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selected item across all cover types, soil types, disturbance type, etc. For example, this is useful
if your watershed has more than one cover or soil type.

Option 2 — Use the drop-down button (E) on the right side of the first filter field (above
Group) to select from the list of model configuration categories: startups, calibration, cover,
disturbance, cellDatawWriter, spatailDataWriter, SOil, and weather (the meaning and use of
these categories will be explained below, under sections 1.0 to 25.0).

Eile Edit —
Run Parameteri All Parameters fChart rConsoIe |
Clear Filters | Prers= A (| - l " || | | Replace Values |
ja—
e, R11 Con:
o - |startups
[ [en==
Itartups cover tartups.properties collectCalibrationData trus
disturbance i _
startups . tartups.properties useMercuryCode false
ellDataWriter
startups spatialDataWriter tartups.properties useExperimental PamCode false
startups 201l tartups.properties useExperimental HydrologyCode false
weather . . -
startups tartups.properties suppresshllfutputFiles false
startups VelmaStartups.properties inputDatalocationRootName C:/Users/bmckane/Documents. . .
Startups VelmaStartups.properties inputDatalocationDirName BlueRiver W510
3tartups VelmaStartups.properties notesText BlueRiver Tidbits_ Landscap...
Itartups VelmaStartups.properties spatialFileWritersDirlame ActiveSpatialFileWriters
Itartups VelmaStartups.properties cellFileWritersDirName ActiveCellWriters

Option 3 — Type a search string in the filter fields located above any of the four turquois column
headers. Suppose you want to make sure the nitrogen fixation subroutine is turned off for a
coniferous cover type. As the screenshot below shows, by typing “.*Conifer in the “Item” filter
field and “.*NitrogenFixation” in the “Parameter” filter field. This search verified that the
“useNitrogenFixation” parameter is turned off (false).

Eile Edit ——

Run Parametersi All Parameters DChart rConsoIe |

Clear Filters | | |v].*£‘cni:’er > ("."‘Nitrogen}:“ixatioﬂ) || | | Replace Values |

———— e

0.0 A11 Configuration Parameters |v|
S
cover Coverl Conifer.properties useNitrogenFixation false
cover CoverZ ConiferShrub.properties useNitrogenFixation false

Option 4 (recommended) — Although experienced users may find Options 1 - 3 handy for quickly
locating specific Items, Parameters or Values, we recommend that all users stick with using
sections 1.0 — 25.0 of the All Parameters TOC when configuring a new VELMA application.
These sections collectively contain the same information listed under “All Configuration
Parameters”, but in a sequence of steps organized to assist users in building new simulator
configurations or editing existing ones. Details follow.
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1.0 — Input Data Location (link to All Parameters TOC)

File Edit

Run Parameters | All Parameters rChart rConsoIe |

Clear Filters | ‘Startups |v| |"in.*3ataLc:c‘. " | | Replace Values |
ale i Input Data Location |v|
e
. e tem Pammetr  vawe
startups VelmaStartups.properties inputDatalocationDirName EhodeRiver W5109_10m

startups VelmaStartups.properties inputDatalocationRootName C:/Users/bmckane/Documents/SivV. ..

Parameter Definitions

inputDatalocationDirName The name of a subdirectory of the
inputDataL.ocationRootName directory that
contains the set of input data for a specific
simulation run. When left unspecified or
commented-out defaults to "". (I.e. VELMA will
look for input data in the
inputDataLocationRootName directory itself)

inputDatalLocationRootName Fully-qualified path to the directory containing
input data directories. When left unspecified or
commented-out defaults to the ../data/"
subdirectory of VELMA's installation directory.

For the inputDataLocationRootName parameter, specify a directory name for the folder that
contains the set of input data for a given simulation configuration. The
inputDatalocationRootName IS the path to that directory.

2.0 — Results Data Location (link to All Parameters TOC)

For the initializeOutputDatalocationRoot parameter, specify the root directory under which
VELMA will place simulation output files for a particular model run.

File Edit
Run Parameters | All Parameters rChart rConsoIe ‘
Clear Filters | |Calibraticn |v|1nput |C'u1:putjata " | | Replace Values |
e Results Data Location (Results Data Directory Placed Under This Location) |v|
P P PR

calibration VelmaInputs.properties initializeOutputDatalocationRoot | C:/Users/bmckane/Documents,/SiVELMA A...

Parameter Definitions

initializeOutputDatalocationRoot  Root directory under which to place per-simulation-run
directories. If this property is left unspecified per-
simulation-run directories for output files will be placed
underneath a default root created in the ../data
subdirectory of the VELMA simulator’s installation
directory. When specified this property must be a fully-
qualified path name. Whitespace in the name does not
have to be escape-delimited or double-quoted and the "/"
can (and should!) be used as the path separator for both
Unix and Windows paths. EXAMPLE:
initializeOutputDatalocationRoot = C:/My
VelmaResults/VelmaResultsRoot For the above example
subdirectories for each VELMA simulator run are placed
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underneath the directory "C:/My
VelmaResults/VelmaResultsRoot/"

2.1 — Results Data Directory Name (Results data placed in directory with this name)
Specify a unique simulation filename in the value column for the run_index parameter.

File Edit
Run Parameters |  All Parameters | Chart | Console |
Clear Filters | |c‘.alibra|:1cn |v|Inpu1: “runiin " ‘ | Replace Values |
2.1 Results Data Directory Name (Results Data Flaced in Directory With This Name) |v|
T

calibration VelmaInputs.properties run_index WS109_10m_MultiCover CornHarvFert_Wedge_1944-2003_7-13-1l4a

Parameter Definitions

run_index Watershed Name (used as core name for the simulation model run data
files).

Use this parameter to specify a unique name for each simulation run that you do. For example, a
useful run_index name might include the watershed name, date and other identifiers that will
make it easier to determine when a simulation configuration was built and how it differs from
others. VELMA will use the run_index name to create:

- the Simulation Run Name listed in the upper left corner of the Run Parameters GUI

- the .XML file name that VELMA writes when the user saves a configuration file (“Ctrl-S”,
or “File/Save Configuration To VELMA XML File” using the menu at the top of the Run
Parameters GUI). This XML file contains all parameter names and values for the saved

configuration. VELMA will not save this information if the user does not save it in an
XML file;

- the name of the subdirectory (along with the full path) to which model output data files are
written.

2.2 — Results Directory Logfile Names
Specify a filename in the Value column for the globalStateLogFilename parameter.

File Edit

Run Parameters | All Parameters r Chart r Console |

Clear Filters | |c‘.alibraticn |v |Input ||chFile || ‘ | Replace Values |

2.2 Results Directory Logfile Names |v|
T T S T
. eow  wem  Paametr  vawe
calibration VelmaInputs.properties globalStatelogFileName GlokbalStatelog. tHt

calibration VelmaInputs.properties cavIracelogFileName GlobalTraceLlog.csv

Parameter Definitions

globalStateLogFilename The name of the global log file. The Global log file records
console messages emitted during a simulation run. When left
blank (") or commented-out no global log file is created.

csvTracelLogFilename The name of the trace log file. The trace log file records any low-
level debugging messages emitted during a simulation run.
When left blank (") or commented-out no trace log file is
created.
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VELMA will use the globalstateLogFilename to record the stream of runtime console messages
(see Console tab) generated during a simulation run. This is optional, but we recommend
creating a globalStateFileName to help identify any problems with the simulator configuration
file. For example, the console messages recorded in the globalStatelLogFilename provide a
complete, sequential log of runtime information about successful or unsuccessful loading of
input files, activation of disturbance events (harvest, fertilization, etc.), saving results to output
directories/files, and so on.

///// IMPORTANT NOTE /////

For important additional details on configuring, saving and understanding simulator
results, please see Appendix 4: Overview of VELMA Simulator Output.

3.0 — Spatial Dimensions and DEM File (link to All Parameters TOC)

The VELMA simulator requires a DEM file in order to run a simulation. The simulator also
assumes that all other spatial data files (discussed below) contain spatial data with the same
overall (row and column) and cell (pixel) size dimensions as the DEM file. We highly
recommend that the DEM used for VELMA simulations be pre-processed using the JPDEM
software, rather than by other available “flat-processor” software (see Appendix 7).The VELMA
simulation configuration parameter that specifies the name of the DEM file is:

input_dem exanwﬂe: SmallWatershed_10m.asc

The VELMA simulation configuration parameters that define the DEM file’s location are:

InputDatalLocationRootName example: CoastalSite

and

inputDatalocationDirName example: C:\VelmaInputData
Note that:

- Input_dem and inputDatalocationRootName are single file or directory names, while
inputDatalocationDirName specifies a complete directory path.)

When a simulation is started, the DEM data is loaded from
inputDatalocationRootName/inputDatalocationDirName/input_dem

The DEM File’s Dimensions are NOT Set Automatically by the Simulator or GUI

The VELMA simulator does not read the DEM file’s dimensions from the DEM file’s
header!

As part of parameterizing a VELMA simulation configuration, you must manually determine
(usually by viewing the DEM file’s header rows with a text editor) the DEM file dimensions, and
set the corresponding VELMA simulation parameters (usually by using the JVelma GUI)

This table lists the header rows of a DEM (Grid ASCII) file and the corresponding VELMA
simulation parameters:

Grid ASCIl Header Item VELMA Simulation Configuration Parameter
ncols Ncol

nrows Nrow

x1llcorner celloffsetX
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yllcorner cellOffsetY

cellsize cell

nodata_value

Sections 3.1 — 3.3 provide details on configuring these parameters for a DEM file.

Note: if you change the DEM file that a simulation is configured to use (i.e. you change the
DEM filename for the input_dem parameter) then you must ensure that all of the parameters
above are updated as well.

3.1 - DEM Row and Column Counts

Specify values for the ncol and nrow parameters based on the DEM grid ASCII header items in
the table above.

File Edit
—
[ Run Parameters [ All Parameters ) Chart | Console |
Clear Filters calikration |v|Input ||{nrcw; | {(ncol) || | | Replace Values |
—_———
3.1 DEM Row and Column Cﬂ-unt% C -

calibration Velmalnputs.properties ncol 628

calibration VelmaInputs.properties nrow 534

3.2 — DEM Cell Size (Assumes a square cell, i.e. Width and Height equal)
Specify the value of the cell parameter.

File Edit

Run Parameters | All Parameters rChart rConso\e |

Clear Filters ||c‘.alibratic:n ‘vllnput ||c.ell$ || | | Replace Values |

3.2 DEM Cell Size (Assumes a square cell, i.e. Width and Height egqual) |v|

o

calibration VelmaInputs.properties cell 10.0

This describes the xy-dimension in meters of individual cells in the DEM grid ASCI|I file. In this
example, each cell is 10x10 meters. The choice of DEM cell size will depend upon the set of
questions a user wishes to address. For example, applications focusing on the effect of riparian
buffer width on nutrient export to streams may require relatively small cells (e.g., 10 meters),
compared to applications focusing on ecosystem carbon dynamics (e.g., 100 meters). Obviously,
an application’s total number of cells (and consequent simulation time) increases with the square
of the ratio of alternative cell sizes — e.g., (100/10)? = 100 times more cells for 10m versus 100m
cell sizes. In any case, the specified cell size must be consistent with the DEM cell size. That is,
the user cannot arbitrarily adjust the cell size parameter without telling VELMA to load a DEM
having the same cell size (see All Parameters 3.0). Furthermore, the DEM used must be “flat-
processed” for the specified cell size using the JPDEM tool. The executable JPDEM.jar, a
JPDEM user manual, and background information (Pan et al. 2012) can be found here: VELMA
Model\JPDEM_DEM Processor. The JP)DEM user manual is also included in Appendix 7 of this
manual.

3.3 — Watershed Outlet (X and Y coordinates are Column and Row indices)

34



Specify the value of the outx and outy parameters. These describe the watershed outlet cell’s X
and Y coordinates (column index) relative to the DEM upper-left corner. The watershed outlet
cell coordinates are determined using the JPDEM tool.

File Edit

Run Parameters | All Parameters I’Chart rConsoIe |

Clear Filters ‘ |Calibra1:ic:n |v|InpuI: ||"c:ut || | | Replace Values |
=3 Watershed Qutlet (¥ and ¥ coordinates are Column and Row indices) |v|
A
e Mem  Paamelr  Vae
calibration WVelmaInputs.properties outy 20

calibration VelmaInputs.properties ocutx 15

4.0 — Soil Types  (link to All Parameters TOC)

VELMA requires information on key soil properties affecting hydrological and biogeochemical
processes within a study watershed. Whether single or multiple soil types are modeled within a
watershed, you will need to establish a soil type map and specify parameter values for a set of
soil properties associated with each soil type. The following steps will accomplish this:

— Establish a soil ID map describing the assignment of soil type IDs for every cell
within the delineated watershed. See section 4.1 for details.

— Specify soil ID parameter names and values corresponding to those appearing in the
soil ID map. See section 4.2 for details.

— Specify soil depth values for the entire soil column and for each of four soil layers
within the column. See section 4.3 for details.

— Specify soil hydraulic conductivity values controlling infiltration rate (Ks), and depth
dependent changes in vertical and lateral macropore flow, Ksv and Ksl, respectively.
See section 4.4 for details.

4.1 - Soil ID Map File

The Soil ID Map File is specified by the soilParametersindexMapFileName parameter. You can
view and set it by selecting “4.1 Soil ID Map File” in the All Parameters outline drop-down
selector:

| £/ VELMA : Chesapeake_Bob_2014-7-21_Xml/BOB2_WS109_10m_MultiCover_CornHarvFert Wedge 1944-2003 7-13-1dasxml =2 Eon ===
Eile Edit

[ Run Parameters |* All Parameters | Chart | Console

Clear Filters ||c‘.alibral:ic:n |v|1npul: ""sc.*FileName H | ‘ Replace Values |

4.1 Seil ID Map File) -

calibration VelmaInputs.properties soilParametersIndexMapFileName MultiScilElevationClassesIdMap.asc

Parameter Definitions

soilParametersIndexMapFileName The file name of a spatial-explicit map of Soil
Parameters uniquelds. The data in this map file
specifies the Soil Parameterization of a given pixel in
the DEM map.

The file specified for the soilParametersIndexMapFileName is assumed to be a Grid ASCII
(“.asc”) map file with the same row and column dimensions as the simulation configuration’s
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DEM file. Its contents should be integer values. Each cell’s integer value should be the ID
number of a soil type.

Suppose the specified soil index map file contains three distinct integers for this map: 100, 105
and 110. The VELMA simulation will expect the simulation configuration to include 3 soil
parameterizations.

4.2 — Soil IDs and Names
Adding a Soil Parameterization to a simulation configuration using the following steps.
Click the Edit - Soil Parameterizations - “Add a New Soil Parameterization” menu item:

| 21| VELMA : Chesapeake_Bob_2014-7-21_¥ml/BOB2_WSL09_10m_MultiCover_CornHarvFert_Wedge_1944-2003_7-13-14aml ol ==
File | Edit|

Rui Create a New, Empty Configuration art | Console

clf Cell Data Writer

vl " H | ‘ Replace Values |
4.1

-]
= | Disturbances R

3
v
Soil Parameterization »@W
»| Dophc; ing Soil Parameterization
3
3

Cover Species

apa| Spatial Data Writer initializeRActiveddaya 1-366

me

Change Soil Parameterization Key Name

apa| Set Weather Model initializeSpatialDataSources NO3_LATERAL OUT, 4
Remove a Soil Parameterization - - -

apa| Set Tidewater Model — — trimQutputToWatershedBoundary false

spa| Remove Unused Parameters NO3_LATERAL OUT_4 modelClass SpatialDataWriter

spa| Import Parameters from Xml NO3_LATERAL OUT_4 allowNonWatershedCellValues false

spatialDataWriter NO3_LATERAL_OUT_4 initializeActiveloopa 12

anatialNataiiritar WrE TATFRAT. ATIT 4 initializederiveYearae 2000 2AA1 AN 2003

Clicking “Add a New Soil Parameterization” opens the Soil Parameterization Name and 1D
dialog which looks like this:

(£ Specify Mew 5Soil Name and ID Values

5

? Unigue Soil Hame | |
Unigue Soil ID # | |

OK Cancel

Enter a name and ID number for your new Soil Parameterization.

The name must be unique (i.e. no other Soil Parameterization already specified for this
simulation configuration can share the name you specify) and we recommend avoiding
whitespace and punctuation characters (e.g. “(“ and *)”) apart from the underbar (“_") character,
which can be used instead of whitespace.

The ID number must be an integer, not already specified for any existing Soil Parameterization,
and must match one of the integers that appears in the Soil ID Map File.

As an example: Suppose we are adding the first Soil Parameterization (*100”) for the
hypothetical Soil ID Map File mentioned above, and that ID *“100” identifies cells that contain
loamy sand.

Acceptable names (it’s guaranteed unique because it’s the first Soil Parameterization we’re
adding) might be: “Loamy_Sand” or “Soil_100 _LoamySand”, or something similar.
However, the only acceptable ID value is “100” — because the Unique Soil ID # of this
parameterization is what keys it to those particular cells in the Soil ID Map File.
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Once you’ve entered valid name and ID values in the Name and ID dialog, click the OK button.
When you click OK, the VELMA GUI adds a new Soil Parameterization to the simulation
configuration, and sets the All Parameters tab’s filters to display only the parameters of the
newly-added Soil Parameterization. Assuming we named our new Soil Parameterization
“Loamy_Sand”, with ID = *1007, this is what the All Parameters tab would look like after
clicking OK:

| £/ VELMA : Chesapeake_Bob_2014-7-21_Xm|/BOB2_W5109_10m_MultiCover_CormHarvFert Wedge 1944-2003_7-13-14a.xml = <=
File Edit

Run Parameters | All Parameters |/Chart rConsoIe

Clear Filters Hscll |V|Lcamy75.and || || | | Replace Values |

4.1 Soil ID Map File |v|

30il Loamy_Sand wilzBoinr 1]
_ —
74
so0il Loamy_Sand uniguelame Loamy_Sand \
soil Loamy_Sand L_‘y_{uquald 100 J/

—
so0il Loamy_Sand surfaceKs 1]

so0il Loamy_Sand soilColumnDepth 0.0

so0il Loamy_Sand setSocillayerWeights

anil Tnamu Sand 2at3ni1TavarThirkneaaaa

We did one other thing to get the above display: notice that the “Parameter” column is circled,
and has a “down-arrow” indicating “descending-sort”. After clicking OK to add the new Soil
Parameterization, we clicked the “Parameter” header field (twice), which sorts the table of
properties on that column.

Now go to All Parameters 4.3 and 4.4 where parameter values for each soil name/ID will need to
be specified for total soil column depth, thickness of each of four soil layers, and hydrologic
parameters affecting vertical and lateral flow.

4.3 — Soil Depth Values

There are two methods, direct or indirect, that can be used to specify soil layer depths. The
direct and indirect methods have their own distinct set of parameters that are available to each
soil type specified for a given simulation configuration. Each method has its advantages. Thus,
it is up to the user to decide which one to use. Either the direct or indirect set of parameters can
be applied to a specified soil type, independent of which set is applied in other specified soil
types.

4.31 - Soil Depth Direct Specification

The direct method (optional) for setting a soil type’s layer thicknesses uses a comma-separated
list of values for the setSoilLayerThicknesses parameter in millimeters for of each of 4 soil
layers. For example: 500, 500, 500, 1500" (without the quote-marks) specifies the soil type’s 4
layers as being 500 mm, 500 mm 500 mm, and 1500 mm thick, from layer 1 to layer 4,
respectively.

File Edit
m
fRun Parameters rhll Parameters wChart rConsoIe |
T — -
ClearFilters | [soiT v La.*mn | | | Replace vaues _|
— e ——
|4.3.1 So0il Depth Direct Specificatio ”vh
3o0il Soil3 sandy loam getSoillayerThickne... 500, 500, 500, 500
I

Parameter Definitions
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setSoillayerThicknesses A comma-separated list of values specifying the thickness of
each soil layer in millimeters. For example: "500 750 1000
1500" (without the quote-marks) specifies the soil's 4 layers
as being 500 mm 750 mm 1000 mm and 1500 mm thick
from layer 1 to layer 4 respectively. NOTE: This list of
values may be left unspecified. When
setSoillayerThickness is unspecified the soil's layer
thicknesses are set by the combination of the
soilColumnDepth and setSoillayerWeights parameters.
When setSoillLayerThickness is specified the
soilColumnDepth and setSoillLayerWeights parameters are
ignored.

Thus, for the direct method, VELMA internally calculates the value for the soilColumnDepth
parameter from the setSoilLayerThicknesses values specified for layers 1, 2, 3 and 4. When
setSoillayerThicknesses IS not specified (left blank), the indirect method must be used to
specify the soil layer thicknesses and soil column depth (see All Parameters 4.32).

4.32 — Soil Depth Indirect Specification

As an alternative to the direct method described under All Parameters 4.31, you can instead use
the indirect method for specifying a soil type’s total soil column depth (parameter =
soilColumnDepth, in millimeters) and soil layer depth (parameter = setSoillLayerWeights, which
is equal to the fraction “soil layer thickness / soil column depth”.

File Edit P

Run Parameters HAII Parameters VChart rCOnsole |

CIearFiItersJ_Lscil |v| Co.*Dep) | (L. *Wei) " | | Replace Values
4.3.2 Soil Depth Indirect Specification ? j -
so0il Soil3_sandy loam soilColumnbepth 2000.0

30il 50il3_sandy_loam setSoillayerWeights 0.25, 0.25, 0.25, 0.25

In this example the soil type named “SoilWedgel” has soilColumnDepth = 2000 mm, and
setSoillayerWeights =0.25, 0.25, 0.25, 0.25 for layers 1, 2, 3 and 4, respectively. VELMA
uses these values during a simulation to compute each soil layer’s thickness (in millimeters) as:

layerThickness[iLayer] = soilColumnDepth * soillayerWeight[iLayer].

Thus, the parameter values shown in the above example translate to soil layer thicknesses of 500
mm, 500 mm, 500 mm, and 500 mm for each layer.

When setColumnDepth and setSoillLayerWeights are not specified (left blank), the direct method
must be used to specify the soil layer thicknesses and soil column depth (see All Parameters
4.31).

4.4 — Soil Ks Values

VELMA simulates vertical and lateral water drainage using a logistic function that is intended to
capture the breakthrough characteristics of soil water movement. The logistic function provides
a simple way (3 parameters) to capture the fast “switching” from low to high flow as water
storage within a soil layer approaches field capacity. VELMA offers two alternative methods,
direct or indirect, for specifying these parameters. However, because the direct method is still
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under development, we recommend that users use the indirect method (see All Parameters

4.4.2).

4.4.1 - Soil Ks Values Direct Specification

Under development — please use the indirect method described in the next section.

4.4.2 — Soil Ks Values Indirect Specification

We refer to this method as an “indirect” because VELMA internally uses the specified soil Ks
parameter values to calculate the actual soil lateral and vertical hydraulic conductivity (Ks)
values used during the simulation run. You must specify values for 3 parameters for each soil

type (in this example, “SoilWedgel” refers to a particular soil type / map unit).

File Edit

Run Parameters | All Parameters rCharl rC0nsole |

Clear Filters | |sc:il

|v|

||ur:'ac:eH’J | {(~ks.*Decay) ||

|| Replace Values |

4.4.2

S0il K3 Values Indirect Specification

|v|

T e e

. Gow  tem~  Paameter  Vae

301l SoilWedgel kalateralExponentialDecayFactor 0.002
soil SoilWedgel ksVerticalExponentialDecayFactor | 0.0015
soil SoilWedgel surfaceks 500

Parameter Definitions

surfaceKs

ksVerticalExponentialDecayFactor

ksLateralExponentialDecayFactor

Calibration Notes

saturated hydraulic conductivity (Ks, mm/day) at

the soil surface. For equations and

parameterization information see Appendix 6.1

(Abdelnour et al. 2011).

vertical Ks exponential decay factor (unitless)

controlling the rate of decrease in vertical flow
with depth. For equations and parameterization
information see Appendix 6.1 (Abdelnour et al.

2011).

lateral Ks exponential decay factor (unitless)
controlling the exponential rate of decrease in
lateral flow with depth. . For equations and
parameterization information see Appendix 6.1

(Abdelnour et al. 2011).

As a starting point, we recommend using the texture-specific values listed in Table 1 for
“Surface Ks” and other physical characteristics of soil. Note that all the values in Table 1can
vary significantly as a result of compaction, presence of hard pans, and other factors.

Based on the parameter values specified, VELMA computes the Ks lateral and Ks vertical flows
(mm/day) per each soil layer as

ksLateral[ilayer]

ksVertial[ilayer]

surfaceKs *e

surfaceKs *e
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Iterative calibration of the user-specified parameter values is generally required to obtain a good
fit between simulated and observed stream discharge (mm/day) at the watershed outlet. At the
end of each simulation, VELMA calculates a Nash-Sutcliffe efficiency coefficient to assess the
goodness-of-fit and reports the results in a simulation output file named
“NashSutcliffeCoefficients.txt”.

See http://en.wikipedia.org/wiki/Nash%E2%80%93Sutcliffe_model_efficiency coefficient for a
general overview of the Nash-Sutcliffe efficiency coefficient and its application. Quoting that
website:

“Nash—Sutcliffe efficiencies can range from —oo to 1. An efficiency of 1 (E =1)
corresponds to a perfect match of modeled discharge to the observed data. An efficiency
of 0 (E = 0) indicates that the model predictions are as accurate as the mean of the
observed data, whereas an efficiency less than zero (E < 0) occurs when the observed
mean is a better predictor than the model.”

In general, a Nash-Sutcliffe coefficient of 0.7 is considered a good fit between simulated and
observed discharge. A value of 0.8 or greater is excellent, particularly for spatially-distributed
ecohydrological models like VELMA that simulate the processes and flow paths by which water
arrives at the watershed outlet (empirical models do not have this requirement).

Advanced users can consult Appendix 6.1 (Abdelnour et al. 2011) for additional details
concerning soil Ks equations, parameters and calibration.

4.5 — Soil Other Hydrologic Parameters

VELMA simulates the effect of several soil physical properties on water retention, rates of
drainage and other hydrological processes. These physical properties and their associated
parameter names are

— Soil porosity (parameter name = porosityFraction): the fraction of void space (v/v) in a
soil.

— Soil field capacity (parameter name = fieldCapacity): the amount of soil moisture (v/v)
held in soil after excess water has drained away and the rate of downward movement has
materially decreased

— Wilt Point (parameter name = wiltPoint): the minimal point of soil moisture (v/v) the
plant requires not to wilt.

— Bulk density (parameter name = bulkDensity): the dry weight of soil per unit volume of
soil (g/cm?).

The following table provides typical values for these parameters for 11 soil texture classes
(surface Ks, described above in All Parameters 4.4, is included here as well). The values listed
are offered here as a starting point for model initialization. However, users should be aware that
these values can vary dramatically as a result of compaction, presence of hard pans, and other
factors.
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Table 1. Physical characteristics of major soil texture classes (Pan et al. 2009, VELMA v1.0

user manual)

Porosity Field Capacity | Wilt Point Bulk Density Surface Ks
Soil Texture [wfv) (wfv) [wiw) Igfcm'z'] (mm,day)
sand 0.437 0.091 0.033 1.65 5040
loamy sand 0.437 0.125 0.055 1.65 1466
sandy loam 0.453 0.207 0.095 1.52 622
loam 0.463 0.27 0.117 1.42 317
silt loam 0.501 0.33 0.133 142 163
sandy clay loam 0.398 0.255 0.148 1.4 103
clay loam 0.464 0.318 0.197 1.31 55
silty clay loam 0.471 0.266 0.208 1.27 36
sandy clay 0.43 0.339 0.239 1.32 29
silty clay 0.479 0.387 0.25 1.22 22
clay 0.475 0.396 0.272 1.21 14

For each soil type in a watershed (we recommend just one texture type per soil type / mapping
unit), you will need to specify values for porosity, field capacity, wilt point and bulk density.

Use the All Parameters drop-down menu to select “4.5 Soil Other Hydrologic Parameters (only
one of six soil types is shown in the truncated screenshot below):

File Edit

Run Parameters | All Parameters rChart rConsoIe |

Clear Filters | |s:il

|'|

||:> | ("bulk) | ("wilt) | (":'iel:‘l:ar,)"

‘ ‘ Replace Values |

4.5

S0il Other Hydrologic Parameters

|v|

e e

Group

Item &

=
F

soil

ScilWedgel

porosityFraction

0.453

soil

SoilWedgel

bulkDensity

1.52

soil

SoilWedgel

wiltPoint

0.085

301l

SoilwWedgel

fieldCapacity

0.207

IMPORTANT INFORMATION FOR SECTIONS 5.0 - 25.0

OF THE ALL PARAMETERS TOC

(link to All Parameters TOC)

VELMA version 2.0 simulates plant biomass and detritus much differently than VELMA version 1.0.
Version 1.0 used a simplified Plant Soil Model (PSM, Stieglitz et al. 2006) to simulate plant biomass in
each cell in aggregate — that is, leaves, stems and roots were lumped together in a single biomass pool
(Abdelnour et al. 2011). This lumped approach greatly simplified the structure and application of the
model. Version 1.0 successfully simulates important aspects of catchment hydrology and
biogeochemistry (e.g., Abdelnour et al. 2011, 2013), but it does not simulate effects associated with
phenological changes and disturbances that disproportionately affect specific plant tissues — for
example, leaf growth and senescence, defoliation events, selective removal of high or low C/N tissues
via harvest or grazing, etc. These effects can have important implications for assessments involving
water quality and quantity, carbon sequestration and other ecosystem services.

To address such effects, VELMA version 2.0 simulates nitrogen pools and fluxes for four plant tissue
types: leaves, aboveground stems, belowground stems (>2 mm diameter), and fine roots (< 2 mm
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diameter). This new Leaf-Stem-Root (LSR) submodel includes live (biomass) and dead (detritus) pools
for each of the four plant tissue types.

A carbon/nitrogen (C/N) ratio must be specified for each plant tissue type so that VELMA can estimate
carbon pools and fluxes corresponding to modeled nitrogen pools and fluxes. Although the model
parameterization allows different C/N values for the biomass and detritus pools of the same tissue type,
at present, the plant biomass and detritus pools for each tissue type must have the same C/N ratio to
maintain mass balance of C and N pools. Specification of distinct C/N ratios per tissue type will be
addressed in future versions.

Several other features have been built into the LSR submodel.

1) A new nonlinear mortality subroutine simulates the loss of live plant biomass to detritus for all
four tissues. See All Parameters section 12.0 for details. This replaces the mortality subroutine
in VELMA version 1.0 described in Appendix 1, section A1.2.3.

2) A modified version of the decomposition subroutine of Potter et al. (1993) is used to decompose
detritus (leaf, stem and root) to humus (unidentifiable dead material). See All Parameters
section 13.0 for details. This replaces the decomposition subroutine in VELMA version 1.0
described in Appendix 1, section Al.2.

3) The “ET recovery” subroutine (Abdelnour et al. 2011) has been revised to use leaf biomass,
rather than stand age, to simulate effects of forest regrowth on ET and streamflow. This
subroutine can be applied to any cover type. See All Parameters section 13.0 for details. This
replaces the decomposition subroutine in VELMA version 1.0 described in Appendix 6.2,
section B2.

4) A new subroutine describing age-related declines in transpiration of forest stands has been
added. Aboveground plant biomass is used as a proxy for stand age. See All Parameters section
10.3 for details.

The figure on the next page illustrates the structure of the new LSR submodel and its integration into the
overall Plant Soil Model. Additional Details on the LSR model structure, equations and parameters can
be found in "Appendix 1: Overview of VELMA'’s Leaf-Stem-Root (LSR) Plant Biomass Submodel”.
We recommend reviewing this material before proceeding further, focusing on the LSR model structure
and equations describing the various LSR nitrogen and carbon pools and fluxes.
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Figure 1.

Revised Plant Soil Model (PSM), Incorporating a Leaf-Stem-Root (LSR) Plant Submodel
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The User Manual package includes slides for a seminar describing the effectiveness of riparian

buffers for protecting water quality in the Chesapeake Bay (please contact mckane.bob@epa.gov

if you have questions):
Filename: McKane_VELMA overview_OSU 2April2014_final.pptx
Folder location: VELMA Model\Supporting Documents\VELMA Pubs & Talks

5.0 — Cover Types (link to All Parameters TOC)
VELMA version 2.0 includes two major changes to the vegetation submodel:

(1) Multiple cover types (forest, grassland, agricultural crops, etc.) within a watershed
can now be modeled. The version 1.0 convention of one cover type per grid cell is

maintained.
(2) Plant biomass for each cover type is modeled using four plant tissues — leaves,

aboveground stems, belowground stems, and roots — rather than as a single biomass

pool.

Sections 5.1 — 5.3, below, discuss procedures for initializing a simulator configuration for one or

more cover types.

Sections 5.4 through 5.7, below, discuss procedures for initializing a simulator configuration for

the four plant biomass pools.
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5.1 - Cover ID Map File

The VELMA program requires a set of Cover Species parameters for each Cover ID number that
occurs in the Cover ID Map File. Each Cover ID corresponds to a distinct, user-defined Cover
Species (cover type) — for example, hardwood forest, grassland, corn cropland, and so forth.
This section describes the Cover ID map file and associated parameter specifications.

The Cover ID Map File is specified by the coverSpeciesindexMapFileName parameter. You can
view and set it by selecting “All Parameters 5.1 Cover ID Map File” from the All Parameters
outline drop-down menu:

|£| VELMA : Chesapeake_Bob_2014-7-21_Xm|/BOB2_WS109_10m_MultiCover_CornHarvFert_Wedge_1944-2003 7-13-14a.xml [folle ==
File Edit

Run Parameters | All Parameters r Chart rConsoIe

Clear Filters | ‘calibratlcn |V|Input ||“c.cverS ” ‘ | Replace Values |
—_—
{5-1 Cover ID Map Fila ﬂVv )
calibration Velmalnputs.properties coverSpeciesIndexMapFileName corn_reclass_10m.asc
— —

The file specified for the coverSpeciesindexMapFileName is assumed to be a grid ASCII (“.asc”)
map file with the same row and column dimensions as the simulation configuration’s DEM file.
Its contents should be integer values. Each cell’s integer value should be the ID number of a
cover type.

Suppose the specified cover index map file contains three distinct integers: 5, 7 and 9. For this
map, the VELMA simulation will expect the simulation configuration to include 3 Cover
Species.

You will need to add a new Cover Species to a simulation configuration using the following
steps:

(1) Click Edit = Cover Species = “Add a New Cover Species” menu item. This will cause a
pop-up menu to appear (see step 2).

e

Eit )

Fil
Rui Create a New, Empty Configuration art | Console
vllg& ||"ccvegs " | | Replace Values |

Ccli_Cell Data Writer
- Cover species ) Adda e Cover Species )
Duplicate an Existing Cover Species
Change Cover Species Key Name
Remaove a Cover Species r3peciesIndexMapFilelame

-~ Disturbances

- Soil Parameterization

cal| Spatial Data Writer

v | v w wfw\w

Set Weather Model

Remove Unused Parameters

Import Parameters from Xmil

5.3 — Cover IDs and Names

[Note: All Parameters 5.2 — Cover Age Map File has been moved below section 5.3 to reflect
the required workflow]

Picking up from All Parameters 5.2, step (2)...

(2) Enter a name and ID number for your new Cover Species.
The name must be unique (i.e. no other Cover Species already specified for this simulation
configuration can share the name you specify) and we recommend avoiding whitespace and
punctuation characters (e.g. “(“ and “)”) apart from the underbar (“_") character, which can
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be used instead of whitespace.

The ID number must be an integer, not already specified for any existing Cover Species, and
must match one of the integers that appears in the Cover ID Map File.

As an example:

Suppose we are adding the first Cover Species (“5”) for the hypothetical Cover ID Map File
mentioned above, and that ID “5” identifies cells that contain Conifers.
Acceptable names (guaranteed unique because this is the first Cover Species we’re adding)
might be: “Conifer” or “Cover_5_Conifer”, or something similar.
However, the only acceptable ID value is “5” — because the Unique Cover ID # of this
parameterization is what keys it to those particular cells in the Cover ID Map File.

(3) Once you’ve entered valid name and ID values in the Name and ID dialog, click the OK

button.

When you click OK, the VELMA GUI adds a new Cover Species Parameterization to the
simulation configuration, and sets the All Parameters tab’s filters to display only the
parameters of the newly-added Cover Species. Assuming we named our new Cover Species
“Conifer”, with ID = “5”, this is what the All Parameters tab would look like after clicking

OK:

| £ VELMA : Chesapeake_Bob_2014-7-21_Xml/BOB2_W5109_10m_MultiCover_CornHarvFert_Wedge_1944-2003_7-13-14a.xml

File Edit
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=)o ==
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| b4 |Ccni:‘er

‘ | Replace Values |
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|v|

cover

Conifer

useTranspiraticnlimiter

false

cover

Conifer

useNitrogenFixation

false

cover

Conifer

uselinearMortalityRoot

false

cover

Conifer

uselinearMortalityleaf

false

cover
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false

cover
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]
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]
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cover Conifer uniqueNams Ccnifeg\\}
cover Conifer k uniqueld 5 “/
cover Conifer transplra T 2lRiom... |0

e

rand far

trranani rarinnTimi rerTdaun

1

We did one other thing to get the above display: notice that the “Parameter” column is circled,
and has a “down-arrow” indicating “descending-sort”. After clicking OK to add the new Cover
Species, we clicked the “Parameter” header field (twice), which sorts the table of properties on

that column.

5.2 — Cover Age Map File

[Note: section 5.2 appears after section 5.3 to reflect the required workflow for developing a
Cover Age Map file and associated parameter values]

To enable scheduling of disturbance events during a simulation (per All Parameters section
24.0), VELMA needs to keeps track of changes in the age (years) of vegetation from one
calendar year to another, or as a result of disturbances that can reset stand age to 0 (e.g., by
clearcutting) or to some other age (e.g., by selective thinning of old trees that establishes
understory vegetation as the new dominant age class). Note that cover age maps can be can be
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applied to cover types other than forests, e.g., rangeland vegetation that may have a more diverse
mixt of species than vegetation recovering from a recent fire.

After you have established a Cover ID Map file (section 5.1) and specified Cover IDs and names
for each Cover Species (section 5.3, above!), you will need to set up a Cover Age Map file and
specify the file name.

The Cover Age Map file name is specified by the coverAgeMapFileName parameter. You can
view and set it by selecting “All Parameters 5.2 Cover Age Map File” from the All Parameters
outline drop-down menu:

File Edit

Run Parameters | All Parameters rCharl rConsoIe

Clear Filters ||Calibraticn |v|Input ~coverk || | | Replace Values |

5.2 Cover Age Map File |v|

e A T e e e A e T A e e e T T e e e e T e e T e e,

calikration Velmalnputs.properties coverigeMapFileName ageclass_l0Om.asc

The file specified for the coverAgeMapFileName is assumed to be a grid ASCII (“.asc”) map file
with the same row and column dimensions as the simulation configuration’s DEM file. Its
contents should be integer values reflecting the age of vegetation (Cover Species) occupying
each grid cell. Each cell’s integer value should be the ID number of a Cover Species. For
example, an age of 0 could be assigned to row crops (corn, soybeans, etc.). Cells in a forest
landscape might range in age from 0 (newly burned or planted) to many centuries. The VELMA
team has used biomass-to-age and tree height-to-age relationships to establish Cover Age Maps.

5.4 — Cover Carbon-To-Nitrogen Ratios

This section is concerned with initializing plant tissue C/N ratios for plant biomass and detritus
associated with leaves, aboveground stems (AgStem), belowground stems (BgStem) and roots.
Thus, a total of eight C/N (CtoN) ratios must be specified for each cover type. Only one cover
type (CoverForest_1) is displayed for the example below. In addition, a C/N ratio must be
specified for the humus pool.

File Edit
[ Run Parameters | All Parameters | Chart | Console |
Clear Filters ||ccver |v|Foresr.| Ctol " | | Replace Values |
5.4 Cover Carbon-To-Nitrogen Ratios |v|
e
. Gmw  fem  Paameter~  vaue
cover CoverForest_1 biomassigStemCtoll 512
cover CoverForest_1 biomassBgStemCtol 251
cover CoverForest_1 biomassLeafCtol 28
cover CoverForest_1 biomassRootCtol 71
cover CoverForest_1 detritusigStemCtol 512
cover CoverForest_1 detritusBgStemCtol 251
cover CoverForest_1 detritusLeafCtolN 28
cover CoverForest_1 detritusRootCtol 71
cover CoverForest_1 humasCtol 24.0

5.5 — Cover Uniform-Cell Initialization Amounts

Using the All Parameters drop-down menu, select “5.5 Cover Uniform-Cell Initialization
Amounts”. The parameters shown are used to specify initial pool sizes (g C / m?) that VELMA
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requires at the start of each simulation run. Values must be specified for all plant biomass pools,
detritus pools and humus pool associated with each cover type. The example below shows just
one cover type, but the same list of 9 parameters repeats for each additional cover type that has
been has been for the simulation configuration.

File Edit
[ Run Parameters | All Parameters | Chart | Console |
Clear Filters | |ccver |v|Foresr.| ||ini1:.*c " | | Replace Values |
5.5 Cover Uniform-Cell Initialization Amounts |v|
T T T T T T T T T T T T T T T T T e T R T
. Gow  temv  Paamer  vauwe
cover CoverForest_1 initialBiomasshAgStemCarbon 16800
cover CoverForest_1 initialBiomassBgStemCarbon 3360
cover CoverForest_1 initialBiomassLeafCarbon 4.20
cover CoverForest_1 initialBiomassRootCarbon 40
cover CoverForest_1 initialDetritusigStemCarbon 2480
cover CoverForest_1 initialDetritusBgStemCarbon 213
cover CoverForest_1 initialDetritusleafCarbon 280
cover CoverForest_1 initialDetritusRootCarbon 40
cover CoverForest_1 initialHumusCarbon 17136.0

“Cover Uniform-Cell Initialization Amounts” refers to the fact that all grid cells assigned to a
particular cover type will have the same initial values for plant biomass, detritus and humus.
Obviously this method will not work for watersheds where there is significant spatial variability
in pool sizes (e.g., where forest stands vary in age). In these situations, you can use All
Parameters menu item “24.3 Disturbance Items Spatial Specifiers” to establish spatially variable
initialization amounts for any or all pools.

5.6 — Cover Gale-Grigal Root Parameter

Select section 5.6 from the All Parameters drop-down menu to specify Gale-Grigal root
parameter values for each cover type in your watershed:

File Edit ———
[ Run Parameters |\ All Parameters )" Chart | Console |

Clearfiters | |cover ~| |ca1earigel | | | Replace valueg
5.6 Cover Gale-Grigal Root Parameters l - ]
e SRR 0
. Gow  Mem | Paametr  Vawe
cover CoverForest 1 GaleGrigalBetaParam 0.97&

cover CoverCorn_0 GaleGrigalBetaFaram 0.943

Parameter Definitions

GaleGrigalBetaParam The Beta term for this cover type’s root vertical
distribution. For the root distribution function of
Gale Grigal (1987): roots[D] =1 - B"D, where
B = GaleGrigalBetaParam value (assigned here)
= layer depth

References

Gale, M. R., & Grigal, D. F. (1987). Vertical root distributions of northern tree species in relation
to successional status. Canadian Journal of Forest Research, 17(8), 829-834.

Jackson, R. B., Canadell, J., Ehleringer, J. R., Mooney, H. A., Sala, O. E., & Schulze, E. D.
(1996). A global analysis of root distributions for terrestrial biomes. Oecologia, 108(3), 389-411.
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Calibration Notes:

VELMA uses the method of Gale and Grigal (1987) to vertically distribute a cover type’s
specified total root biomass. This results in an exponentially decreasing amount of root biomass
per soil layer. See Appendix 6.2 section A1.2.6 (Abdelnour et al. 2013) for a description of
VELMA'’s implementation of the Gale-Grigal root distribution function.

Jackson et al. (1996) used the Gale-Grigal method to characterize rooting patterns for terrestrial
biomes globally. In the absence of measured data to calibrate GaleGrigalBetaParam for your
site’s cover types, we recommend consulting Jackson et al.’s Table 1and Figure 1:

Table 1 Values of B (and associated r? values) for our data and views: Caldwell and Richards (1986), Hilbert and Canadell
the model of Gale and Grigal (1987), the percentage of roots in the  (1996), Kummerow (1981), O'Toole and Bland (1987), Risser et
upper 30 cm of soil, average standing root biomass (kg - m™2), and  al. (1981), Rodin and Bazilevich (1967). Rundel and Nobel
root:shoot ratios for each biome. The S values are represented (1991), Santantonio et al. (1977), Viereck et al. (1986), and Vogt
graphically in the panels of Fig. 1. See Methods and Fig. 1 for a  etal. (1996) (listed in Appendix 1). The dual values for desert root
description of Gale and Grigal's model; larger values of § imply biomass and root/shoot ratios are for cold and warm deserts, re-
deeper rooting profiles. The values for root biomass and root:shoot ~ spectively

ratios summarize data from our database and the following re-

Biome B r % Root biomass Root biomass Root/shoot
in upper 30 cm (kg -m?) ratio
Boreal forest 0.943 0.89 83 2.9 0.32
Crops 0.961 0.82 70 0.15 0.10
Desert 0.975 0.95 53 1.2,04 4.5,0.7
Sclerophyllous shrubs 0.964 0.89 67 4.8 1.2
Temperate coniferous forest 0.976 0.93 52 4.4 0.18
Temperate deciduous forest 0.966 0.97 65 42 0.23
Temperate grassland 0.943 0.88 83 1.4 3.7
Tropical deciduous forest 0.961 0.99 70 4.1 0.34
Tropical evergreen forest 0.962 0.89 69 4.9 0.19
Tropical grassland savanna 0.972 0.95 57 1.4 0.7
Tundra 0914 091 93 1.2 6.6

48



025 05 075

0 025 05 075 1 0
0

100

150

Cumulative Root Fraction (Y)

1 0 025 05 0.75

10 0256 05 075 1

il caa

200
0

100

Soil Depth (cm)

Fig. 1 Cumulative root distribution (cumulative proportion) as a
function of soil depth for eleven terrestrial biomes and for the the-
oretical model of Gale and Grigal (1987). The curve in each biome
panel is the least squares fit of B for all studies with data to at least
1 m depth in the soil. The specific [} values and the associated r?
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values can be found in Table 1 and the key to the symbols in each
panel is in Table 2. Gale and Grigal’s equation is of the form
y=1-P¢, where ¥ is the cumulative root fraction with depth (a pro-
portion between 0 and 1), d is soil depth (in ¢m), and B is the fitted
parameter. Larger values of } imply deeper rooting profiles

5.7 — Cover Leaf Stem and Root Pool Parameters

Select section 5.7 from the All Parameters drop-down menu to specify leaf stem and root pool
parameter values for each cover type in your watershed (do this for each cover type):

File Edit ——
[ Run Parameterg | All Parameters || Chart | Console |
Clear Filters | |c‘._c:\;;r |v|CcverCcrn_l’J ||l]ea:'J | {[5g] [S=]tem) | {[Rr]c:c:t;" | | Replace Values |
{ 5.7 Cover Leaf Stem and Root Pool Parameter:
B o e e
. Gow  fem  Pammeter~  vawe
cover CoverCorn 0 bicmassigStemCtol 42.7 Il
cover Coverlorn 0 biomassBgStemCtol 115.0
cover CoverCorn 0 biomassLeafCtolN 55.0
cover Coverlorn 0 biomassRootltol 3l.0
cover CoverCorn 0 detritusigStemCtol 48.7
COVEEr Coverlorn 0 detritushgStemlimaxDecay 0.0034
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ n Ame i v e RS e s e T 118 A
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Parameters in this section cover the Leaf, Stem and Root pool C/N ratios, initial values, mortality
parameterizations and uptake fractions. Because each biomass or detritus leaf, stem and root
pool has its own set of parameters for these subjects, this list of parameters is relatively

extensive.

Parameter Definitions

biomassLeafCtoN

biomassAgStemCtoN

biomassBgStemCtoN

biomassRootCtoN

detritusLeafCtoN

detritusAgStemCtoN

detritusBgStemCtoN

detritusRootCtoN

detritusLeafNmaxDecay

detritusAgStemNmaxDecay

detritusBgStemNmaxDecay

detritusRootNmaxDecay

initialBiomassLeafCarbon

initialBiomassAgStemCarbon

initialBiomassBgStemCarbon
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The Carbon-to-Nitrogen ratio of the cover type’s
Leaf biomass pool.

The Carbon-to-Nitrogen ratio of the cover type’s
AgStem biomass pool.

The Carbon-to-Nitrogen ratio of the cover type’s
BgStem biomass pool.

The Carbon-to-Nitrogen ratio of the cover type’s
Root biomass pool. (All layers of this pool use the
same CtoN ratio value.)

The Carbon-to-Nitrogen ratio of the cover type’s
Leaf detritus pool.

The Carbon-to-Nitrogen ratio of the cover type’s
AgStem detritus pool.

The Carbon-to-Nitrogen ratio of the cover type’s
BgStem detritus pool. (All layers of this pool use
the same CtoN ratio value.)

The Carbon-to-Nitrogen ratio of the cover type’s
Root detritus pool. (All layers of this pool use the
same CtoN ratio value.)

Maximum decay rate for Potter decomposition of
Leaf detritus pool’s Nitrogen amount.

Maximum decay rate for Potter decomposition of
AgStem detritus pool’s Nitrogen amount.

Maximum decay rate for Potter decomposition of
BgStem detritus pool’s Nitrogen amount.

Maximum decay rate for Potter decomposition of
Root detritus pool’s Nitrogen amount.

The amount of biomass (in grams of Carbon)
placed in the Leaf biomass pool of each cell of this
cover type at initialization start.

The amount of biomass (in grams of Carbon)
placed in the AgStem biomass pool of each cell of
this cover type at initialization start.

The amount of biomass (in grams of Carbon)
placed in the BgStem biomass pool of each cell of
this cover type at initialization start.



initialBiomassRootCarbon

initialDetritusLeafCarbon

initialDetritusAgStemCarbon

initialDetritusBgStemCarbon

initialDetritusRootCarbon

etRecoveryFractionMinimumLeafBiomassC

mortalitylLeafAnnualFraction

mortalitylLeafDenominatorCoefficient

mortalitylLeafExponentialCoefficient

mortalitylLeafNumeratorCoefficient

mortalityAgStemAnnualFraction

mortalityAgStemDenominatorCoefficient

mortalityAgStemExponentialCoefficient
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The amount of biomass (in grams of Carbon)
placed in the Root biomass pool of each cell of
this cover type at initialization start.

The amount of detritus (in grams of Carbon)
placed in the Leaf detritus pool of each cell of this
cover type at initialization start.

The amount of detritus (in grams of Carbon)
placed in the AgStem detritus pool of each cell of
this cover type at initialization start.

The amount of detritus (in grams of Carbon)
placed in the BgStem detritus pool of each cell of
this cover type at initialization start.

The amount of detritus (in grams of Carbon)
placed in the Root detritus pool of each cell of this
cover type at initialization start.

The minimum amount of leaf biomass (in gC/m”2)
required to compute an ET recovery fraction.
Whenever leaf biomass is less than this amount,
the ET recovery fraction is forced to the
etRecoverFractionMinimumValue

See Section 10.2.1 ET Recovery Parameters.

The fraction of the Leaf biomass Pool annual
mortality amount actually subtracted from that
pool per day of senescence. The default value for
this fraction is 1.0 (i.e. the full per-day amount)
and the valid range is [0.0 to 1.0]. Warning! Users
unfamiliar with this parameter's behavior should
leave it set to the default value of 1.0.

The mortality equation’s denominator coefficient
value for the biomass Leaf pool.

The mortality equation’s exponential coefficient
value for the biomass Leaf pool.

The mortality equation’s numerator coefficient
value for biomass Leaf pool.

The fraction of the AgStem biomass Pool annual
mortality amount actually subtracted from that
pool per day of senescence. The default value for
this fraction is 1.0 (i.e. the full per-day amount)
and the valid range is [0.0 to 1.0]. Warning! Users
unfamiliar with this parameter's behavior should
leave it set to the default value of 1.0.

The mortality equation’s denominator coefficient
value for the biomass AgStem pool.

The mortality equation’s exponential coefficient
value for the biomass AgStem pool.



mortalityAgStemNumeratorCoefficient

mortalityBgStemAnnualFraction

mortalityBgStemDenominatorCoefficient

mortalityBgStemExponentialCoefficient

mortalityBgStemNumeratorCoefficient

mortalityRootAnnualFraction

mortalityRootDenominatorCoefficient

mortalityRootExponentialCoefficient

mortalityRootNumeratorCoefficient

useLinearMortalitylLeaf

useLinearMortalityAgStem

useLinearMortalityBgStem

useLinearMortalityRoot

nppToBiomassLeafNfraction

nppToBiomassRootNfraction

nppToBiomassAgStemNfraction
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The mortality equation’s numerator coefficient
value for the biomass AgStem pool.

The fraction of the BgStem biomass Pool annual
mortality amount actually subtracted from that
pool per day of senescence. The default value for
this fraction is 1.0 (i.e. the full per-day amount)
and the valid range is [0.0 to 1.0]. Warning! Users
unfamiliar with this parameter's behavior should
leave it set to the default value of 1.0.

The mortality equation’s denominator coefficient
value for the biomass BgStem pool.

The mortality equation’s exponential coefficient
value for the biomass BgStem pool.

The mortality equation’s numerator coefficient
value for the biomass BgStem pool.

The fraction of the Leaf biomass Pool annual
mortality amount actually subtracted from that
pool per day of senescence. The default value for
this fraction is 1.0 (i.e. the full per-day amount)
and the valid range is [0.0 to 1.0]. Warning! Users
unfamiliar with this parameter's behavior should
leave it set to the default value of 1.0.

The mortality equation’s denominator coefficient
value for the biomass Root pool.

The mortality equation’s exponential coefficient
value for the biomass Root pool.

The mortality equation’s numerator coefficient
value for the biomass Root pool.

When true, leaf mortality is computed using a
simple linear function. When false (default)
mortality is computed via a logistic function.

When true, AgStem mortality is computed using a
simple linear function. When false (default)
mortality is computed via a logistic function.

When true, BgStem mortality is computed using a
simple linear function. When false (default)
mortality is computed via a logistic function.

When true, Root mortality is computed using a
simple linear function. When false (default)
mortality is computed via a logistic function.

The fraction of total daily NPP for a cell of this
cover type allotted to the biomass Leaf pool.

The fraction of total daily NPP for a cell of this
cover type allotted to the biomass Root pool.

The fraction of daily NPP ALOTTED TO STEM
POOLS for a cell of this cover type allotted to the



biomass AgStem pool. The remaining NPP
allotted to stem pools goes to the biomass BgStem
pool. NOTE: Total daily NPP is reduced by the
fractions for leaf and root pools first. Any
remainder is the daily NPP allotted to stem pools.

Calibration Notes

At this stage (section 5.7) of your simulation configuration, don’t try to specify values for all the
parameters listed above. For now, just focus on the initial C and N pools for plant biomass and
detritus (highlighted in yellow, above). To specify initial C and N stocks (g/m?) for these pools,
we recommend that you consult Appendix 1 for an overview of VELMA'’s LSR submodel and it
C and N pools and fluxes. Filling in C and N values for the various pools shown would be a
good start. Remember to document data sources as you go.

Methods for specifying parameter values for NPP (plant uptake) allocation, plant biomass
mortality, and detritus decay (decomposition) rates, and NPP are discussed in subsequent
sections:

— N uptake (NPP): Section 11.0

— Mortality: Section 12.0

— Decomposition: Section 13.0

5.7.1 — Cover Leaf Pool Parameter
Select section 5.7.1 from the All Parameters drop-down menu to specify cover-specific
parameter values for leaf biomass and detritus. See 5.7 above for the parameter descriptions.
5.7.2 — Cover Above-Ground Stem Pool Parameters

Select section 5.7.1 from the All Parameters drop-down menu to specify cover-specific
parameter values for aboveground stem biomass and detritus. See 5.7 above for the parameter
descriptions.

5.7.3 — Cover Below-Ground Stem Pool Parameters

Select section 5.7.1 from the All Parameters drop-down menu to specify cover-specific
parameter values for belowground stem biomass and detritus. See 5.7 above for the parameter
descriptions.

5.7.4 — Cover Root Pool Parameters

Select section 5.7.1 from the All Parameters drop-down menu to specify cover-specific
parameter values for root biomass and detritus. See 5.7 above for the parameter descriptions.

6.0 — Weather Model (link to All Parameters TOC)

The Default Weather Model provides uniform precipitation and air temperature values for all
cells of a simulation’s delineated watershed for each day of a simulation run, and includes a
simple snow model.

A Default Weather Model is Provided Automatically in New Simulation Configurations

When you create a new simulation configuration in the VELMA GUI (Edit > “Create a New,
Empty Configuration”), it automatically contains parameters for the default weather model. This
weather model’s modelClass, uniqueName and uniqueId parameters are preset to valid, default
values. You may change those values if you wish, but there is no need to do so and we advise
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you to leave them alone. You must provide the model with the names of data files for
precipitation and air temperature driver data, and parameterize the snow model.

You can focus the All Parameters tab’s parameters table to various aspects of the simulation
configuration’s weather model by selecting them in the tab’s drop-down selector.

To view the complete core weather model parameterization, select “6.0 Weather Model’”:

|£| VELMA : Chesapeake_Bob_2014-7-21_Xml/BOB2_WS109_10m_MultiCover_CornHarvFert_Wedge_1944-2003_7-13-14axml EI@
File Edit
[ Run Parameters | All Parameters | Chart | Console
ClearFiters | [weather | | | | | Replace values |
6.0 Weather MD@ |v|
weather DefaultWeather unigquelName Default Weather Model
weather DefaultWeather unigqueld 1
weather DefaultWeather snowMeltTemperature 2.0
weather DefaultWeather snowMeltRate 3.0
weather DefaultWeather snowFormationTemperature 0.0
weather DefaultWeather rainOnSnowEffect 0.5
weather DefaultWeather rainDriverDataFileName chbk rain 99-03.txt
weather DefaultWeather modelClass DefaultWeatherModel
weather DefaultWeather airTemperatureDriverDataFileName chb_at_99-03.txt

You Must Provide the Weather Model with Rain and Air Temperature Driver Files.

The rain and air temperature driver files share the same format requirements: one floating-point
value per line, with exactly one line for each day between the first day of the year specified by
the simulation configuration’s forcing_start value, and the last day of the year specified by the
simulation configuration’s forcing_end value. For example, if a forcing start/end range of [2000
to 2001] would require each driver file to have 731 lines of data (corresponding to 366 + 365
days per year, accounting for the leap year), with one value per line.

You may omit the path of the driver file names you specify. The Velma simulator then assumes
the file’s location is specified by the simulation configuration’s input data location settings (set
the outline selection to “1.0 Input Data Selection” to review or set the input location). You may
also provide a fully-qualified path + name for a driver file. If you do, be sure to use “/”
(forward-slash) characters as path-separators.

Select “6.1 Weather Rain Driver File” to focus the parameters table on the weather model’s
rainDriverDataFileName parameter.

File Edit
[ Run Parameters |* All Parameters | Chart | Console |

Clear Filters | |weather |v| ~rainDrive | | | Replace Values |
6.1 Weather Rain Driver File |v|
e T =

weather DefaultWeather rainDriverDataFilelame chb rain 9%-03.txt

Each value in this file represents a day’s precipitation (in millimeters) at each cell in simulation’s
the delineated watershed. Because of the snow model, some of this precipitation may be rain,
and some may be snow. The parameterization of the snow model determines the amounts of
both.

Select 6.2 Weather Air Temperature Driver File” to focus the parameters table on the weather
model’s airTemperatureDriverFileName.

54




File Edit

Run Parameters | All Parameters rChart rConsoIe

~airT.*Drive " | | Replace Values |

Clear Filters ||weather |v|
o

6.2 Weather Rir T

R e A

|v|

weather DefaultWeather airTemperatureDriverDataFileName chb at_99-03.txt

Each value in this file represents a day’s average air temperature (in degrees Centigrade) at each
cell in the simulation’s delineated watershed.

The Snow Model Determines the Rain / Snow Mixture for the Precipitation Driver Value
The four parameters of the snow model determine how much of a given day’s precipitation falls
as rain or as snow, and how fast snow on the ground is converted to surface water.

snowFormationTemperature The air temperature (in degrees C) below which the
day’s precipitation is counted as snow. At and above this
temperature, it is counted as rain.

snowMeltTemperature The temperature above which any available snow begins
to melt.

snowMeltRate The rate at which melting snow becomes surface water.

rainOnSnowEffect Used in conjunction with the snowMeltRate to determine

the amount of snow that melts into surface water.

A Summary Description of the Snow Model’s Behavior

For each day of a simulation run, the daily air temperature and precipitation values are taken
together with the above snow model parameters and daily values are calculated for the following:
Rain, Snow, Snow Depth and Snow Melt.

When air temperature is at or above the snowFormationTemperature, all the day’s precipitation is
counted as rain and becomes the day’s Rain value. If the air temperature is also greater than the
snowMeltTemperature, the amount of snow that melts is calculated using the following equation:

snowMeltRate * (airT - snowMeltTemperature) + rainOnSnowEffect * rain
where airT and rain are the day’s air temperature and precipitation values respectively.

If there has been snow deposited into the Snow Depth value on previous simulation days (see
below) the amount of snow melted is “deducted” from that value and becomes additional “rain”
for the day. If the melted amount that is computed exceeds the amount of snow depth, the entire
amount (but no more) is “deducted”.

When air temperature is below the snowFormationTemperature parameter, all the day’s
precipitation is counted as snow and becomes the day’s Snow value. The day’s Show mount is
also added to the Snow Depth value.

6.3.1 — Weather Model Coefficients Files (Only Spatial Weather)

VELMA'’s default weather model (described under section 6.0 — 6.2) does not address spatial
variations in temperature and precipitation associated with topographic features — elevation,
slope, aspect and cold air drainages.
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VELMA'’s optional Spatial Weather Model provides differing precipitation and air temperature
values for each cell of a simulation’s delineated watershed for each day of a simulation run. It
includes the same simple snow model as the Default Weather Model.

CAUTION!

The Spatial Weather Model is still somewhat experimental and undergoing testing and
refinement.

Also, it requires more effort to configure/parameterize than the Default Weather Model.
For both of these reasons, we currently recommend using only the Default Weather Model
unless you must have the more complex behavior that the Spatial Weather Model provides,
e.g, for mountainous terrain.

You Must Explicitly Specify Activation of the Spatial Weather Model

When you create a new simulation configuration, the VELMA GUI automatically adds a Default
Weather Model parameters group to it. If you wish to use the Spatial Weather Model instead,
Click the Edit > “Set Weather Model - “Spatial Weather Model” menu item:

| %] VELMA [E=R|EEE 5T

File | Edit|

Rul Create a New, Empty Configuration art | Console

il Cell Data Writer » v| || || | | Replace Values |
0.0 Cover Species L3
»
13
»
»

P |v|

=~ Disturbances
- Soil Parameterization

cal| Spatial Data Writer VelmaInputs.properties soilParametersIndexMapFileName

czl| SetWeather Model
cal| Set Tidewater Model ( »| Spatial Weather Model 1'}3 cavIracelogFileName

WWeatl el lies input runcff

cal| Remove Unused Parameters VelmaInputs.properties forcing_start 1}

cal| Import Parameters from Xml VelmaInputs.properties cell a

dlmarian TalmaTrrrs mwanarrios =

When you set the weather model to “Spatial Weather Model”, the VELMA GUI removes any
pre-existing weather model parameters and adds the parameters group for the Spatial Weather
Model.

You can focus the All Parameters tab’s parameters table to various aspects of the simulation
configuration’s weather model by selecting them in the tab’s outline drop-down selector.

The VELMA GUI automatically provides valid default values for the Spatial Weather Model’s
uniqueId, uniqueName and modelClass parameters. You may leave these as they are initially set.

To view the complete core weather model parameterization, select “6.0 Weather Model””:
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| £/ VELMA : Chesapeake_Bob_2014-7-21_¥m|/BOB2_WS109_10m_MultiCover_CornHarvFert_Wedge 1944-2003_7-13-14a.xm| =N R ==
File Edit

Run Parameters | All Parameters rCIlarl I’Console
Clear Filters | |weathar |v| || || | | Replace Values |
6.0 Weather Model - J

weather SpatialWeatherModel rainCoefficientDataFileName

weather SpatialWeatherModel snowMeltRate 5.0

weather SpatialWeatherModel heatIndexMapFileName

weather SpatialWeatherModel rainOnSnowEffect 0.5

weather SpatialWeatherModel ®PrimeCell a

weather SpatialWeatherModel rainDriverDataFileName

weather SpatialWeatherModel uniqueld 1

weather SpatialWeatherModel uniqueNam SpatialWeatherModel

weather SpatialWeatherModel modelClass gov.epa.velmasimilator.SpatialWeatherModel

weather SpatialWeatherModel airTemperatureCoefficientsDataFileName

weather SpatialWeatherModel yPrimeCell [u]

weather SpatialWeatherModel airTemperatureDriverDataFileName

weather SpatialWeatherModel snowMeltTemperature 2.0

weather SpatialWeatherModel snowFormationTemperature -1.0

You Must Provide the Weather Model with Rain and Air Temperature Driver Files

The Spatial Weather Model derives daily rain and air temperature values for every cell in the
simulation watershed by applying functions to the daily rain and air temperature values of one
specific cell (the “Primary” or “Prime” Cell) within the watershed. You must provide the data
file names for rain and air temperature data observed for this Prime Cell, as well as its x-and-y
coordinates as part of the Spatial Weather Model’s parameterization.

Set the xPrimeCell and yPrimeCell parameter’s values to the Prime Cell’s x (column) and y
(row) location.

Set the rainDriverDataFileName and airTemperatureDriverDataFileName to the file names of
the precipitation and air temperature files, respectively.

You may omit the path of the driver file names you specify. The Velma simulator then assumes
the file’s location is specified by the simulation configuration’s input data location settings (set
the outline selection to “1.0 Input Data Selection” to review or set the input location). You may
also provide a fully-qualified path + name for a driver file. If you do, be sure to use “/”
(forward-slash) characters as path-separators.

The rain and air temperature driver files share the same format requirements: one floating-point
value per line, with exactly one line for each day between the first day of the year specified by
the simulation configuration’s forcing_start value, and the last day of the year specified by the
simulation configuration’s forcing_end value. For example, if a forcing start/end range of [2000
to 2001] would require each driver file to have 731 lines of data, with one value per line.

You Must Provide Files of Coefficients for Precipitation and Air Temperature Calculations
The Spatial Weather Model calculates the day’s precipitation and air temperature values for a
given cell location by applying a precipitation or air temperature function to the day’s driver
precipitation or air temperature value. These functions map/modify the “seed” value at the
Prime Cell to derive a value for the other cells. The functions take into account the cell’s
elevation, flow accumulation and heat index values, and the equations involved require per-
month coefficients for each term of their equations.
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You must provide the file names (or optionally full path + names) of one file for rain
(precipitation) equation coefficients and one file of air temperature coefficients.

NOTE
Determining the values for precipitation and air temperature coefficients requires
detailed knowledge of the equations defining the Spatial Weather Model’s behavior.

For additional information concerning theory and procedures for developing statistical
coefficients for VELMA'’s spatial climate model see Appendix 5: Generating daily
temperature and precipitation grids for running VELMA.: development of statistical
models based on monthly PRISM data.

The Precipitation Coefficients File

A comma-separated values (.csv) file containing a table of coefficients for the spatial weather
model’s precipitation equation. The file must contain 13 rows of 6 comma-separated values
(columns) each.

The first row is a header row, and the remaining 12 rows provide values for the equation’s a, b,
¢, d and e coefficients for each month of the year.
Here is an example table of values:

month a b C o =
1 289751 0011833 5.24E-05 -3.94717 -0.09635
¢ 2415404 0006131  BIE-05 -515183 0.892817
3 2108037 0037236 46ZE-05 -4.20577 0.951434
4 9640946 0080534 7.44E-06 -1.44569 1.2509/1
R 88.34944 0014202 3.06E-05 -0.20094 1.2592G66
B 5351838 0048195 953E-06 0873204 1.2973749
7 13.08702 0023576 2.49E-06 0636924 0.635524
8 21.89397 778E-0% G.23E-06 -0.00893 0.199088
9 70.03036 0007583 2.39E-05 -0.00868 0.959202
10 1244332 -0.00302 3.59E-05 -1.16562 0.890761
11 316.075 0072349 4.32E-06 -4.40543 1.247633
12 2907049 0034712 4.62E-05 -4.46288 0.495517

and here are the lines from the corresponding .csv data file:

month,a,b,c,d,e
1,259.751,0.011833,5.24E-05,-3.94717,-0.09685
2,241.5404,0.006131,6.10E-05,-5.15183,0.892817
3,210.8037,0.037236,4.62E-05,-4.20577,0.951439
4,96.40946,0.080534,7.44E-06,-1.44569,1.250961
5,88.34944,0.014202,3.06E-05,-0.20094,1.259266
6,53.51838,0.048195,9.53E-06,0.873204,1.297879
7,13.08702,0.023576,2.49E-06,0.686924,0.685529
8,21.89397,7.78E-05,6.23E-06,-0.00893,0.199088
9,70.03036,0.007598,2.39E-05, -0.00868,0.959202
10,124.4332,-0.00302,3.59E-05,-1.16562,0.890761
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11,316.075,0.072349,4.32E-05,-4.40543,1.247633
12,290.7049,0.034712,4.62E-05,-4.46288,0.495517

The Air Temperature Coefficients File

A comma-separated values (.csv) file containing a table of coefficients for the spatial weather
model’s air temperature equation. The file must contain 13 rows of 10 comma-separated values
(columns) each.

The first row is a header row, and the remaining 12 rows provide values for the equation’s a — |
and x coefficients for each month of the year.

Here is an example table of values:

month b C d g q h i | X

1 0007047 0018444 275E-06 -1.02696  -0.00434 0.012177  -1.6E-05 BEOG4EE E79.15
2 00067458 0065628 276BE-06 1.024445 -0.00545 0.0378565 -15E-05 §.955362 bod.26
3 000442 0041912 1.47E-06 5402304 -0.00856 0.039723  -B7E-0B 11.03547 B99.67
4 000234 0053357 253E-07 1024696 -0.00637 0.043574 B13E-06 1399034 818.03
5 0004219 0059169 1.86E-06 §916032 -0.00707 0.056035 -1.2E-05 16.60074 F95.66
B 000222 0046785 -1.3E-06 1698087 -0.00684 0.078366 1.33E-06 20.81386 B2Y.7h
¢ -0.00123 0.004355 -2BE-06 1938073 -0.00633 0.073345 -1.9E-06 2354351 81457
§ 000023 000407 -26E-06 18.81907 -0.00585 0.092057 9.03E-08 2353079 53626
5 00m47s -0.0342 -23E-06 1480855 -0.00612 0.047614 7EE-OB 2083291 791.84

10 -0.00023 0018716 -1.2E-06 11.7024% -0.00641 0312236 -8.6E-06 1677307 §19.27
11 0002002 00140249 -26E-0Y 3771477 -0.00556 0.027117  -1.4E-05 941240 74545
12 000647 00474649 2EYE-06 -1.28579 -0.00349 0007256 -1.7E-05 B.OY96779 B74.34

And here are the lines from the corresponding .csv data file:

month,b,c,d,e,g,h,1i,j,x
1,0.007047,0.018444,2.75E-06,-1.12696,-0.00434,0.012177,-1.60E-05,6.606466,679.15
2,0.006148,0.065628,2.75E-06,1.024448,-0.00545,0.037565,-1.50E-05,8.958362,684.28
3,0.001492,0.041412,1.47E-06,5.402304,-0.00656,0.039723,-5.70E-06,11.03547,699.67
4,-0.00239,0.053357,2.53E-07,10.24696, -0.00697,0.043574,6.13E-06,13.99039,818.03
5,0.004219,0.059169,1.86E-06,8.916032,-0.00707,0.056038,-1.20E-05,16.80074,698.66
6,-0.00222,0.046785,-1.30E-06,16.98087,-0.00684,0.078366,1.33E-05,20.81386,827.75
7,-0.00123,0.004955,-2.50E-06,19.38073,-0.00633,0.073345,-1.90E-06,23.54351,814.57
8,-0.00023,0.00407,-2.60E-06,18.81907,-0.00585,0.092057,9.03E-06,23.53079,836.26
9,0.001476,-0.0342,-2.30E-06,14.80655,-0.00612,0.047614,7.60E-06,20.83291,791.89
10,-0.00023,0.018716,-1.20E-06,11.70249,-0.00641,0.112236,-8.60E-06,16.77907,819.27
11,0.002002,0.014029,-2.60E-07,3.771477,-0.00556,0.027117,-1.40E-05,9.412401,745.95
12,0.00697,0.047469,2.59E-06,-1.28579,-0.00399,0.007256,-1.70E-05,6.096779,674.34

The Spatial and Default Weather Model Both Employ the Same Snow Model

Parameterization of the Spatial Weather Model’s snow (sub)model is exactly the same as that of
the Default Weather Model’s. See the Default Weather Model’s documentation for the details.

The difference between the two is that the Spatial Weather Model first calculates the
precipitation and air temperature values for the specific cell before applying the snow model’s
mechanism to determine the day’s rain, snow, snow depth and snow melt values. In contrast, the
Default Weather Model presents the same (driver) precipitation and air temperature values to the
snow model at every cell location in the simulation’s watershed.
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6.4 — Latitude/Longitude

The VELMA simulator computes a daily solar radiation value for the latitude and longitude
specified by the deg_1lat and deg_1lon parameter values. Set the values of these parameters to the
latitude and longitude of your simulation configuration’s location. Use decimal degrees, NOT
“degrees, minutes, seconds” format for the values. For example:

File Edit

Run Parameters | All Parameters rChart rConsoIe |

Clear Filters ||c‘.alibraticn |v| ":‘leg_l " || Replace Values |

6.4 Latitude/Longitude | - |

P

calibraticon VelmaCalibration.properties deg_lat 3

o

87514

- | oo

calibraticon VelmaCalibration.properties deg_lon -76.552649

6.5 — Solar Radiation

In addition to latitude and longitude, VELMA'’s solar radiation equation requires values for the
following parameters:

isc Solar Constant.

srl Constant parameter 1 of solar radiation uptake function.
sr2 Constant parameter 2 of solar radiation uptake function.
srth Solar radiation threshold.

The VELMA GUI automatically provides default values for each of these parameters; these may
be acceptable for your simulation location.

NOTE: Solar radiation parameters are intended for use in computing plant nitrogen uptake and
snow melt. Although these modeling capabilities are under development, VELMA 2.0 currently
does not include them. That being the case you may leave the solar radiation parameters set to
their default values without affecting your simulation run results.

6.6 — Soil Layer Temperature

Soil temperature is used in many of VELMA'’s subroutines, for example, to compute rates of soil
organic matter decomposition, plant nitrogen uptake, nitrification, and many other temperature
sensitive processes. Documentation describing the equations and methods for computing
subsurface temperature per VELMA'’s four soil layers can be found in Appendix 6.2 section
Al.l

For the soil temperature subroutine to work properly for your simulation site, you need to:

— provide a daily mean air temperature file (see “Required Input Data Files for VELMA
Simulations™)

— specify values for total soil depth and soil bulk density (see All Parameters sections 4.3
and 4.5, respectively)

— and specify the average annual air temperature for your site (avgAT), as follows:
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7.0 —

File Edit

Run Parameters | All Parameters | Chart | Console

Clear Filters | |Calibraticn |v| ||ang " | | Replace Values |
6.6 Soil Layer Temperature |v|
T e s
calibration VelmaCalibration.properties avghT 13.0

1

Initialize Uniform Water Amount per Cell (link to All Parameters TOC)

Because soil moisture can vary significantly in space and time, it would be extremely difficult to
specify realistic soil moisture amounts for every soil layer in every cell within a watershed. A
more practical method is to specify a uniform amount of initial soil moisture for all layers and
cells, and then allow these initial values to adjust to realistic levels during a “spin up” period of
years prior to the simulated years of interest.

By default, VELMA set the initial water content of all cells and layers to the field capacity value
specified for each soil type. , i.e., when the parameter initialuniformSoilMoisture IS Set to its
default value of -1 (if it is set to any other value, reset it to -1).

File Edit
[ Run Parameters |” All Parameters | Chart | Console |

Clear Filters | |calibraticn |v| "init.*Scil.*Mci " | | Replace Values |
L Initialize Uniform Water Amount per Cell 2 |v|
W e ettt

calibraticon VelmaCalibration.properties initialUniformScilMoisture -1

Calibration Notes

We recommend using this default option, and that you also discard the first year of simulation
results, and possibly more, until soil moisture levels have sufficient time to “spin up” to your
site’s observed conditions. Shallow soils may adjust within a year or two, whereas deep soils
may require decades before simulated groundwater tables reach observed levels. You will need
to experiment with this to determine how many spin-up years are required.

To set up a spin-up period, you can instruct VELMA to perform one or more simulation “loops”
for the set of years included in the climate input files. To do this, specify the desired “Number of
Loops” in Run Parameters tab of the simulator’s GUI. For the example shown below, 3 loops
are specified, meaning that the 5 years (1999 — 2003) of available climate driver data will be
repeated (looped) 3 times for this simulation.

File Edit
[ Run Parameters | Al Parameters | Chart | Console |

SEHONRGANGIRE 1/5105_10m_Iu1iCover_ComHanfert WWedge_1944-200p_7-13-14a]  SiIBIORMBCoMGUATONSWHEHE
CREDER ) use Nirifcation Model

DEM File elevation_10m_ws109_7-9-2014_nearest_aoi_std_flatProc.asc Use Denitrification Model
Columns |36 | Rows|s7 | cell size [10.0 | o
[_] Use Evapotransipration-based uptake
Outlet X [15 | outlet ¥ [20 |
Simulation DriverData S e L T
Available From 1999 To 2003 Chemistry Loss Rates to Stream |
) NH, Fraction |g 53
Run § or From [1999 | To [2003 | :
NO., Fracti
ber of Loops ,73 | o raction |gag

Thus, VELMA will generate 3 loops x 5 years = 15 years of model output, for which the first 2
loops (10 spin-up years) can be discarded.
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An alternative method to accomplish the same thing would be to edit the temperature and
precipitation driver files, such that a copy of the years you want to use for spin-up purposes
appears at the beginning of the original climate record (remember to rename the edited climate
driver files to reflect the spin-up number of years).

8.0 — Chemistry Pools (Dissolved C and N) (link to All Parameters TOC)

VELMA simulates ecosystem inputs, outputs and internal cycling of four pools of dissolved
nitrogen and carbon in soil: ammonium (NHsa), nitrate (NOs3), dissolved organic nitrogen (DON)
and dissolved organic carbon (DOC).

Sections 8.1 and 8.2, below, describe the specification of initial pools and calibration of
parameters controlling leaching losses to streams. Subsequent sections describe additional
processes affecting inputs and outputs from these dissolved C and N pools.

8.1 — Chemistry Amounts for uniform cell-initialization

Initial soil pools (g N/ m? or g C / m?) of NH4, NO3, DON and DOC can be viewed and
specified by selecting “8.1 Chemistry Amounts for uniform cell-initialization” from the All
Parameters drop-down menu. The values specified should represent the sum of all 4 soil layers
(total soil column) averaged across the watershed.

File Edit
Run Parameters | All Parameters | Chart | Console |
Clear Filters | | |v| ~initial [N_] " | | Replace Values |

B.1 Chemistry Amounts for uniform cell-initialization |v|

e

lilil—li

calibration VelmaCalibration.properties initial_doc

calibration VelmaCalibration.properties initialWh4 .64

20
calibration VelmaCalibration.properties initial_don 2.0

0

0

calibration VelmaCalibration.properties initialNo3 .41

Parameter Definitions

initial_doc Initial DOC pool amount (per cell) in gC/m?

initial_don Initial DON pool amount (per cell) in gN/m?2.

initial_Nh4 Initial NH4 pool amount (per cell) in gN/m?.

initial_No3 Initial NO3 pool amount (per cell) in gN/m?.
Calibration Notes

On day 1 of a simulation, VELMA will use the specified parameter values to calculate the
fraction of each nutrient’s total pool to allocate to each of the four soil layers. This is done
uniformly for all grid cells on day 1.

With some effort, VELMA can be calibrated to simulate spatial variability in C, N, H20 pools
and fluxes. With a well-calibrated parameter set, initially uniform nutrient pool values will begin
to adjust and, after a sufficient spin-up time, more closely match spatial and temporal patterns of
observed nutrient pools (McKane 2014).

Section 7.0 describes methods for setting up an appropriate spin-up period for allowing
initialized soil moisture levels to adjust to a site’s biophysical conditions. The same spin-up
method applies for all model pools and fluxes, including stream chemistry.
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Alternatively, you can use a more advanced method for specifying initial nutrient pool values
that consider spatial variability in soil types, and cover species type and age. Details can be
found in Appendix 3: Creating Initial ASCII Grid Chemistry Spatial Data Pools.

References

The User Manual package includes slides for a seminar describing the effectiveness of riparian
buffers for protecting water quality in the Chesapeake Bay (please contact mckane.bob@epa.gov
if you have questions):

Filename: McKane_ORD GI webinar_7-30-14 Final.pptx
Folder location: VELMA Model\Supporting Documents\VELMA Pubs & Talks

8.2 — Chemistry Water Loss Fractions

In VELMA, transport of dissolved nutrients within the soil column, and ultimately to the stream,
is a function of vertical and lateral water drainage, the size of the nutrient pool, and a specified
loss fraction (gf) parameter.

The nutrient loss fraction parameters can be viewed and specified by selecting “8.2 Chemistry
Water Loss Fractions” from the All Parameters drop-down menu.

File Edit

Run Parameters | All Parameters rChart rConsoIe |

Clear Filters hd qf Replace Values
| | ] | | | | |

8.2 Water Loss Fra

calibration VelmaCalibration.properties gf_din

calibration VelmaCalibration.properties gf_doc

calibration VelmaCalibration.properties gf_don

calibration VelmaCalibration.properties gf_NO3

Parameter Definitions

gf_din NH4 loss due to horizontal and vertical water flow range [0.0 1.0].
qf_doc DOC loss due to horizontal and vertical water flow range [0.0 1.0].
gf_don DON loss due to horizontal and vertical water flow range [0.0 1.0].
qf_NO3 NO3 loss due to horizontal and vertical water flow range [0.0 1.0].

Calibration Notes

The “qf” parameters for specifying nutrient loss fractions are very important for achieving a
good fit between simulated and observed stream chemistry data (Abdelnour et al. 2013).
However, when you are calibrating these and any other parameters, keep in mind that it is fairly
easy to specify gf values that provide a good fit between simulated and observed stream
chemistry data, even when the source soil nutrient pools are poorly calibrated (too large or too
small.

Achieving a well-calibrated ecosystem model is an iterative process, requiring numerous
simulation runs until a set of parameters values is identified that simultaneously provides a good
fit between simulated and observed data for plants, soils and streams, i.e., all C, N and H20 pools
and fluxes for which good quality observed data are available (recognizing that complete
validation is an ideal never reached).
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9.0 - 9.1.1 — Nitrogen Deposition (link to All Parameters TOC)

Atmospheric inputs of wet and dry nitrogen deposition can make a significant contribution to
ecosystem nitrogen budgets, especially in regions influenced by industry and agricultural. Itis
important to estimate the timing and amounts of wet and dry nitrogen deposition, and its
availability for plant uptake and other ecohydrological processes. Such estimates are
complicated by time lags associated with dry deposition of nitrogen on leaves and other surfaces,
and subsequent flushing into the soil during precipitation events.

VELMA version 1.0 modeled daily atmospheric inputs of wet and dry deposition as a function of
the annual atmospheric input and the fraction of annual rain that occurs at a given day.

VELMA version 2.0 models atmospheric nitrogen deposition based on the following
assumptions:

1) The daily rate of atmospheric N deposition (wet + dry) is the same every day of the year,
I.e., annual total N deposition/365 = daily N deposition

2) Daily N deposition (Nin) accumulates on leaves & other surfaces (NinBank) until a liquid
precipitation (rain + snowmelt) event.

3) Precipitation events wash a fraction of NinBank (throughfall N) into the surface soil
layer’s inorganic N pool. This fraction (0-1) varies as a nonlinear (asymptotic) function
of leaf biomass and daily precipitation amount, such that grid cells having higher leaf
biomass have disproportionately lower throughfall N at lower amounts of precipitation.
Furthermore, N stored in NinBank becomes depleted past a certain upper threshold
(asymptote) of daily precipitation. Thus, the main difference between this method and
VELMA version 1.0 is that it can account for observed nonlinear threshold behavior of
throughfall as a function of leaf area and precipitation amount.

4) Currently, daily Nin is composed of NH4 + NO3 deposition, and Nin transferred from the
NinBank to the surface soil layer is to the ammonium pool in Layere (NH4 and NO3 will
be modeled separately in a future version of VELMA).

Parameters for the experimental (but preferred) nitrogen deposition subroutine can be viewed
and specified by selecting “9.0 Nitrogen Deposition” from the All Parameters drop-down menu:

File Edit

Run Parameters | All Parameters rChart rConsoIe |

Clear Filters | |V| {~use.*Nin} | (*nin} | {_nin) " | | Replace Values
9.0 Nitrogen Depcsitia — ( |V|

.......................... B e e i

calibration VelmaCalibration.properties dry nin 0.474

calibration VelmaCalibration.properties ninBankInitialSpinUpValue 0.0

calibration VelmaCalibration.properties ninHalfSaturationknForLossFromiinBank 40.0

calibration VelmaCalibration.properties ninMaxLossFromNinBankPerDay 0.1

calibration VelmaCalibration.properties useExperimentallin true

calibration VelmaCalibration.properties wet_nin 0.474

Parameter Definitions

wet_nin Wet nitrogen deposition factor in gNm”2 per year
dry_nin Dry nitrogen deposition factor in gNm”2 per year

ninBankInitialSpinUpvalue N-deposition initialization value. When this initialization
value is zero a simulation run’s first year is used to “spin
up” the Michaelis-Menten-based N-deposition model. The
N-deposition values computed for that first year (and
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subsequent values calculated from them) are unlikely to be
accurate. However if a correct value is known this
initialization parameter may be set to it. The value should
be the daily average N-deposition value for a single cell of
the current simulation. If the value is unknown or cannot be
reliably deduced ahead of simulation start leave this value
zero and incur the first-year spin-up (see Calibration notes,
below)

ninHalfSaturationknForLossFromNinBank N-deposition Michaelis-Menten kinetics Kn
constant.

ninMaxLossFromNinBankPerDay N-Deposition Michaelis-Menten kinetics maximum

useExperimentalNin When set to “true” N-deposition is computed using a
banked Michaelis-Menten-based equation. When set to
“false” N-deposition is computed using the VELMA
version 1.0 linear equation. Use of the older equation is
deprecated. The default value for this parameter is “true”.

Calibration Notes

For the reasons mentioned under assumption #3, above, we recommend using the experimental
(VELMA version 2.0) nitrogen deposition subroutine rather than that used in VELMA version
1.0.

We have prepared a DRAFT Excel spreadsheet that you may choose to use to parameterize the
experimental nitrogen deposition subroutine (please contact mckane.bob@epa.gov if you have
questions):

Filename: VELMA 2.0_Nitrogen Deposition Calibrator_7-26-13 v3.xlsx
Folder location: VELMA Model\Supporting Documents\Excel Calibration Files

9.1.2 Old (DEPRECATED) Nitrogen Deposition Parameters

Use of the VELMA version 1.0 nitrogen deposition subroutine is discouraged. Please see section
9.0.

10.0 — Transpiration  (link to All Parameters TOC)

Evapotranspiration (ET) is the sum of evaporation and plant transpiration. ET equations and
parameters in VELMA version 2.0 are the same as for version 1.0 (see Abdelnour et al. 2011),
except for the following:

— The ET recovery function has been replaced with a new subroutine that models post-
disturbance changes in ET based on leaf biomass dynamics.
— A new subroutine models age-related declines in transpiration for forest systems.

See details in subsections 10.1 — 10.3.1.
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10.1 — Core PET and ET Parameters

Core parameters for calibrating VELMA’s PET and ET submodels can be found by selecting
section 10.1 from the All Parameters drop-down menu:

File Edit

——
Run Parameters i All Parameters \ Chart | Console |

Clear Filters JJ_ I_V| {"bes) | {(Bet) | {(petPF) | {~roair) " | | Replaoe\ralgea_l,

e
( 10.1 Core PET and ET Paramer.er? \Jv|

calibration VelmaCalibration.properties roair 1300.0
calibration VelmaCalibration.properties be 10.0
Ccover CoverForest_1 temperaturePet0ff -3
cover CoverForest_1 petParam? 0.622
Ccover CoverForest_1 petParaml 0.325
cover CoverForest_1 noTranspirationPetFraction 1.0

Parameter definitions (see Abdelnour et al. 2011 for equations and additional explanation):

roair Air density in g/m”"3

be ET coefficient used in the logistic equation that computes ET
from PET

temperaturePetOff PET is only active when air temperature is > than this value (in
degrees C)

petParaml First term of PET Hamon Equation: petParaml * petParam2 *
gS.roair * (esat / 1000.0f)

petParam2 Second term of PET Hamon Equation: petParam1 * petParam2

* gS.roair * (esat / 1000.0f)

notranspirationPetFraction The fraction of PET available outside of this a cover
species/type’s growing season range [0.0 - 1.0].

10.2 - ET Recovery On/Off ?

Select section 10.2 from the All Parameters drop-down menu to turn the ET recovery function on
(true) or off (false):

File Edit

Run Parameters | All Parameters rChart rConsole

Clear Filters | | ‘V| ~useEtR " | | Replace Values ‘
10.2 ET Recovery On/Off 2 |V|
R
cover CoverForest_1 useEtRecoveryFraction true

cover CoverCorn_0 useEtRecoveryFraction true

10.2.1 - ET Recovery Parameters

Select section 10.2.1 from the All Parameters drop-down menu to specify ET recovery parameter
values for each cover type in your watershed (just one cover shown below):
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File Edit S

Run Parameters ! All Parameters [f Chart rConsoIe

Clear Filters | |\/..—._.,, ‘vl |"etR " | | Replace \."al.ues‘!I
10.2.1 ET Recovery Pa_ramt.ers) (|v|‘

e ———— e = e
cover CoverForest_1 etRecoveryFractionSlope 0.0055
cover CoverForest_1 etRecoveryFractionMinimumvalue 0.40
cover CoverForest 1 etRecoveryFractionMinimumleafBiomassC 34.0
cover CoverForest_1 etRecoveryFractionIntercept 0.2164
Parameter Definitions
etRecoverFractionSlope The value of the ET recovery fraction's linear

equation slope component.

etRecoverFractionMinimumvalue The ET recovery fraction is forced to this value
when the current leaf biomass is less than the
value specified for
etRecoveryFractionlLeafBiomassMinimum or
when the calculated ET recovery fraction is less
than zero.

etRecoverFractionMinimumLeafBiomassC The minimum amount of leaf biomass (in gC/m”"2)
required to compute an ET recovery fraction.
Whenever leaf biomass is less than this amount
the ET recovery fraction is forced to the
etRecoverFractionMinimumValue.

etRecoverFractionIntercept The value of the ET recovery fraction's linear
equation intercept component.

Calibration Notes

We have prepared a DRAFT Excel spreadsheet that you may choose to use to calibrate ET
recovery parameters for your site (please contact mckane.bob@epa.gov if you have questions):

Filename: VELMA 2.0_ET Recovery Calibrator HJA_12-1-13.xlsx
Folder location: VELMA Model\Supporting Documents\Excel Calibration Files

10.3 — Transpiration Limiter On/Off?

Studies in the Pacific Northwest have shown that young forests transpire significantly more
water than old forests (McDowell et al. 2002; Moore et al. 2004). VELMA version 2.0 has a
new subroutine to address age-related declines in transpiration by forest vegetation.

Select section 10.3 from the All Parameters drop-down menu to turn the Transpiration Limiter
subroutine on (true) or off (false):

File Edit

——
Run Parameters ﬂ All Parameters r)Zhart rConso\e |

Clear Filters | h | ‘

~useTra " | | Repl.ace\.ralues__|

CoverForest_1 useTranspirationLimiter

Parameter definition:
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useTranspirationLimiter  When set false (default value) the transpiration limiter fraction
value is forced to 1.0 (Which effectively means "No age-related
limitation" i.e. the limiter is OFF.) When set true the
transpiration limiter fraction is computed based on its jday and
coefficients settings.

See section 10.4 for parameters and calibration information.
References

McDowell, N. G., Phillips, N., Lunch, C., Bond, B. J., & Ryan, M. G. (2002). An investigation
of hydraulic limitation and compensation in large, old Douglas-fir trees. Tree Physiology,
22(11), 763-774.

Moore, G. W., Bond, B. J., Jones, J. A., Phillips, N., & Meinzer, F. C. (2004). Structural and
compositional controls on transpiration in 40-and 450-year-old riparian forests in western
Oregon, USA. Tree physiology, 24(5), 481-491.

10.3.1 — Transpiration Parameters

Select section 10.3.1 from the All Parameters drop-down menu to specify parameter values for
the Transpiration Limiter subroutine used to describe age-related declines in transpiration by

forest vegetation:
File Edit
[ Run Parameters ([ All Parameters | Chart | Console
Clear Filters | |v|:cvechrest_1 ||Limi " | ‘ Replace\.l'alue_s__‘

a1 Transpiration Parameters -

cover CoverForest_1 useTranspiraticonlimiter false

cover CoverForest_1 transpirationlimiterMaxTotalBicmassC 0

cover CoverForest_l transpirationlimiterJdayOn 1

cover CoverForest_l transpirationLimiterJday0ff 366

cover CoverForest_1 transpirationlimiterCoeffl 1
cover CoverForest_1 transpirationlimiterCoeffC 0
cover CoverForest_1 transpirationlimiterCoefiB Q
cover CoverForest_1 transpirationlimiterCoeffh 0
Parameter Definitions
useTranspirationLimiter When set false (default value) the transpiration

limiter fraction value is forced to 1.0 (Which
effectively means "No limiting at all" i.e. the
limiter is OFF.) When set true the transpiration
limiter fraction is computed based on its jday and
coefficients settings.

transpirationLimiterMaxTotalBiomassC Upper limit of total biomass amount (in gC/m”2)
for transpiration limiter fraction computation.
When total biomass amount in a cell exceeds this
max value the transpiration limiter faction value is
forced to the transpirationLimiterCoeffD
parameter's value.

transpirationLimiterJdayOn Transpiration reduction occurs on the Julian day
specified by this "on" parameter and continues on
every day of the year up to and including the day
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specified by the paired "off" parameter. l.e.
transpiration reduction occurs in the range
[transpirationLimiterJdayOn
transpirationLimiterJdayOff]

transpirationLimiterldayOff Transpiration reduction occurs on the Julian day
specified by this "off" parameter and does not
occur for any days of the year remaining after it.
l.e. transpiration reduction occurs in the range
[transpirationLimiterJdayOn
transpirationLimiterJdayOff]

transpirationLimiterCoeffA The A coefficient in the Transpiration Limiter
Fraction equation: A/ (1 + B * exp(C *
totalBiomassC)) + D

transpirationLimiterCoeffB The B coefficient in the Transpiration Limiter
Fraction equation: A/ (1 + B *exp(C *
totalBiomassC)) + D

transpirationLimiterCoeffC The C coefficient in the Transpiration Limiter
Fraction equation: A/ (1 + B * exp(C *
totalBiomassC)) + D

transpirationLimiterCoeffD The D coefficient in the Transpiration Limiter
Fraction equation: A/ (1 + B * exp(C *
totalBiomassC)) + D

Calibration Notes

The transpiration limiter subroutine is experimental and we do not recommend using it at this

time.

Plant Uptake (link to All Parameters TOC)

The VELMA v1.0 subroutine for plant nitrogen uptake is described by Abdelnour et al. (2011).
VELMA v2.0 generally follows the same subroutine, but includes important changes to several
components affecting nitrogen uptake:

Uptake of NH4 and NOs is now modeled explicitly, using pool-specific Michaelis-
Menten equations.

The temperature response function for plant N uptake is now based on a quadratic
equation described by Rastetter et al. (1991).

In VELMA v1.0 a constant root fraction parameter was applied to total plant biomass to
indirectly simulate effects of successional changes in root biomass on N uptake.

VELMA v2.0 includes a leaf-stem-root (LSR) subroutine that explicitly models root
biomass dynamics and consequent effects on NH4 and NOs uptake.

Simulated total N uptake per day is allocated to leaf, stem and root tissues according to
specified fractions per tissue.

Phenological controls on plant nitrogen uptake constrain when nitrogen uptake can occur.
The nonlinear (Weibull) function in VELMA v1.0 for simulating the effect of forest stand
age on N uptake has been removed. This and other age-related effects in VELMA v2.0
are now modeled as a consequence of successional changes in the availabilities of
nitrogen and water.
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— The VELMA v2.0 plant N uptake subroutine must be set up and calibrated for each cover
species/types within a watershed.

Details are provided in subsections 11.1 — 11.5.

11.1 - Plant Uptake NH4-specific

Select “11.1 Plant Uptake NH4-specific” from the All Parameters drop-down menu to specify
parameter values controlling NH4 uptake per cover species/type. Note that two cover types
(forest and corn) are shown here to emphasize that parameters must be specified for each cover
type within a watershed (true for all of section 11).

File Edit

—
( Run Parameters [ All Parameters—r} Chart rConsole |
Clear Filters | h | - | ||nh4 " | | Replace Values,
11.1 Plant Uptake NH4-specific ” -
—

cover CoverForest_1 nh4MaximmlptakeRate 0.04
cover CoverForest_1 nh4Kn 0.10
cover CoverCorn_0 nh4MaximumlptakeRate 0.90
cover CoverCorn_0 nh4kn 1.0

Parameter Definitions

nh4MaximumUptakeRate Cover-specific maximum rate of NH4 uptake for biomass
uptake equation.
nh4Kn Half saturation constant kn for Michaelis Menton NH,4 uptake

in gN/m”"2.
See calibration notes for section 11.2.

11.2 — Plant Uptake NO3-specific

Select “11.2 Plant Uptake NO3-specific” from the All Parameters drop-down menu to specify
parameter values controlling NOs uptake per cover species/type:

File Edit
———

Run Parameters ﬂAII Parameters j Chart rConwle |

Clear Filters | |v| ||nc3 " | | Replace Values
11.2 Plant Uptake N03-specific ) llv
e R R KRR N
cover CoverForest_1 no3MaximumUptakeRate 0.00&8

cover CoverForest_1 no3Kn 2.00

cover Coverlorn_0 no3MaximmlptakeRate 0.30

cover Coverlorn_0 no3Kn 1.0

Parameter Definitions

Cover-specific maximum rate of NO; uptake for biomass
uptake equation.

no3MaximumUptakeRate

no3Kn Half saturation constant, kn, for Michaelis-Menten NOs
uptake in gN/m”2.
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Calibration Notes

We have prepared a DRAFT Excel spreadsheet that you may choose to use to calibrate NH4 and
NO3 plant uptake parameters for your site (please contact mckane.bob@epa.gov if you have
questions):

Filename: VELMA 2.0_Nitrogen Uptake Calibrator (CHB Forest) 9-24-13.xIsx
Folder location: VELMAZ2.0Software/SupportingDocuments/ExcelCalibrationFiles

11.3 — Plant Uptake GEM Temperature Component

Select “11.3 Plant Uptake GEM Temperature Component” from the All Parameters drop-down
menu to specify parameter values for the temperature response function affecting NH4 and NOs
uptake (specify per cover type):

File Edit

e
Run Parameters |\ All Parameters ) Chart | Console |

= ———
Clear Filters | | | - I | ~uptake | | Replace Values
5 1} e —— e

11.3 Plant Uptake GEM Temperature Component ‘) ”v]
o = T e T e P e e e T P e e A=)
COVEr CoverForest_1 uptake0ptimuml 25.0

COVEr CoverForest_1 uptakeMaximumT 50.0

COVEr CoverForesc_1 uptakeCurvature 0.5

Parameter definitions (see Rastetter et al. (1991) for a description of the General Ecosystem
Model (GEM) temperature function and parameters for simulating plant nitrogen uptake):

uptakeOptimumT Optimal temperature (°C) plant uptake of NH. and NOs
uptakeMaximumT Maximum temperature (°C) plant uptake of NH4 and NOs
uptakeCurvature Curvature parameter of GEM temperature function.
An example:
N Uptake vs. Soil Temperature
— 1.0
§ 09
& 08
E
Temperature w 07
Function Parameter |Value 'E 0.6
uptakeCurvature 0.6 E 0.5
uptakeMaximunT 48 :E,' 0.4 Tallgrass Prairie
uptakeOptimumT 25 % 03
Note: N uptake=0ifsoil T< 0 -
2 0.2
=
0.1
0.0
-10 0 10 20 30 40 50
°C
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Calibration Notes

We have prepared a DRAFT Excel spreadsheet that you may choose to use to calibrate
temperature response functions for plant N uptake and other temperature sensitive processes in
VELMA. (please contact mckane.bob@epa.gov if you have questions):

Filename: VELMA 2.0_Temperature & Moisture Response Functions_9-8-14.xlsx
Folder location: VELMA Model\Supporting Documents\Excel Calibration Files

References

Rastetter, E. B., Ryan, M. G., Shaver, G. R., Melillo, J. M., Nadelhoffer, K. J., Hobbie, J. E., &
Aber, J. D. (1991). A general biogeochemical model describing the responses of the C and N
cycles in terrestrial ecosystems to changes in CO2, climate, and N deposition. Tree
Physiology, 9(1-2), 101-126.

11.4 — Plant Uptake NPP Distribution Fractions

Select “11.4 Plant Uptake NPP Distribution Fractions” from the All Parameters drop-down menu
to specify parameter values controlling how daily total N uptake (a.k.a, “NPP” in VELMA) is
allocated to leaf, aboveground stem, belowground stem, and root biomass:

File Edit L
r Run Parameterslr All Parameters ]r Chart rC0nsole |

Clear Filters | cover __Jvl ||"npp1'c: " || Replace\n’aluei_\‘

Plant Update NPP Distribution Fractions

cover CoverForest 1 nppToBicmassRootWfraction 0.38

COvVer CoverForest_1 nppToBiomassleafNfraction 0.49

cOvVer CoverForest_1 nppToBiomasshgStemNfraction 0.85

Parameter Definitions

nppToBiomassRootNfraction  The fraction (0.0 -1.0) of total plant uptake of nitrogen (NH4 +
NOs) per day allocated to the root biomass N pool.

nppToBiomassLeafNfraction  The fraction (0.0 -1.0) of total plant uptake of nitrogen (NH4 +
NOs) per day allocated to the leaf biomass N pool.

nppToBiomassAgStemNfraction The fraction (0.0 -1.0) of total plant uptake of nitrogen (NH4 +
NOs) per day allocated to the AgStem biomass N pool.

Note that “nppToBiomassBgStemfraction” does not need to be specified because VELMA
internally calculates it by difference.

Calibration Notes

Figure 1 and Appendix 1 provides conceptual diagrams and equations describing how N uptake
(NPP) is allocated among the four LSR plant tissues.

To calibrate the N allocation parameters described in this section, we recommend constructing an
annual plant biomass N budget(s) for all four LSR tissues per cover type. Observed data and
estimates can usually be found in the literature for this. For example:

— Leaf litterfall data can be used to estimate annual leaf NPP, usually as dry weight or
carbon, so you will also need C/N data to calculate annual N uptake.
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— Data for above- and belowground stem biomass growth can be obtained from tree-
ring data and allometric biomass equations for forest cover types, or from
“destructive” biomass harvest methods in grasslands or agricultural plots.

— Production estimates for fine roots exist for many cover types, and are based on a
variety of methods - e.g., see Nadelhoffer, K. J., & Raich, J. W. (1992).

Please contact mckane.bob@epa.gov if you have questions.

References
Nadelhoffer, K. J., & Raich, J. W. (1992). Fine root production estimates and belowground
carbon allocation in forest ecosystems. Ecology, 1139-1147

11.5 - Plant Uptake Phenology

Select “11.5 Plant Uptake Phenology” from the All Parameters drop-down menu to specify
parameter values affecting when plant N uptake begins and ends during the year (per cover

type):
File Edit
Run Parameters | All Parameters r Chart rlesoIe
Clear Filters | ‘ |V| ||_msu1; | {(~al.*Up) | (deg.*l‘hre;” | | Replace Values |
11.5 Plant Uptake Phenology |v‘
T
COver CoverForest_1 JjDayUptakeFirstAllowed 1
COver CoverForest_1 jDay3enescencelff 303
COVEer CoverForest_1 insulationEfficiency 0.0
COVEer CoverForest_1 insulationCarbonUpperBound 700.0
COVEer CoverForest_1 degreeDayThreshold 20.0
COVEer CoverForest_1 allowlptakeAfterSenescence falae

Parameter Definitions

jDayUptakeFirstAllowed The first Julian day of the year on which uptake is possible for

this Cover. Uptake will NEVER happen before the specified
day. Use this parameter to delay uptake until the daily
photoperiod is sufficient for the given Cover. This parameter
specifies the first day of the year when uptake can occur not
necessarily the first day when uptake will occur. On and after
the day specified by this parameter uptake will occur
whenever the degree day parameterization allows it to begin.

jDaySenescenceOff The Julian Day of the year when this cover species biomass
stops senescing (Note: any value >= 367 results in biomass
NOT senescing through the end of the
year.nppToBiomassAgStemNfractionThe fraction (0.0 -1.0)
of total plant uptake of nitrogen (NH4 + NOs) per day allocated
to the AgStem biomass N pool.

insulationEfficiency Insulating efficiency of available litter range [0.0 1.0] (this
affects soil temperature and, therefore, plant N uptake). NOTE:
Set this value to zero to disable insulation effects on degree-
day calculation.

insulationCarbonUpperBound Quantity of above-ground litter beyond which there is no
additional insulating effect in gC/m”2 (this affects soil
temperature and, therefore, plant N uptake).
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degreeDayThreshold Allow biomass uptake only when accumulated degree day
value >= degreeDayThreshold.

allowUptakeAfterSenescence When set true (default) uptake takes place before
jDaySenescenceOn and resumes after jDaySenescenceOff.
When set "false™ uptake occurs ONLY before
jDaySenescenceOn

12.0 Plant Mortality (link to All Parameters TOC)

VELMA v.2.0 has a new plant biomass mortality function, replacing the linear mortality function
in v1.0 (Abdelnour et al. 2011). The new mortality function was initially developed for forest
vegetation but we have found that it applies just as well to other cover types, including
nonwoody species such as grasslands and agricultural crops.

The mortality function is based on the following observations and assumptions:

— The ratio of mortality/NPP during succession is nonlinear. For example, in regrowing
forest stands, observed increases in stem biomass require that stem NPP exceeds stem
mortality until steady state is reached.

— Alogistic function provides sufficient flexibility to capture temporal changes in the
relationship between mortality and NPP during succession. Specifically, a logistic
function is used to describe nonlinear changes in a tissue’s litterfall/NPP ratio vs. stand
age, where “tissue” can represent leaf, aboveground stem, belowground stem, or root
biomass. In practice, total plant biomass (or aboveground stem biomass) serves as a
proxy for stand age.

— For example, using VELMA'’s parameter naming convention,

mortalityAgStemCarbon / nppAgStemCarbon = C/ (1 + A * exp”(-B * plantBiomassCarbon))

— Rearranging,

mortalityAgStemCarbon = nppAgStemCarbon * C/ (1 + A * exp”(-B * plantBiomassCarbon))
For example, the figures below show results obtained by applying the logistic mortality function
to a riparian hardwood forest. The left figure shows changes in the ratio of belowground stem
mortality/NPP vs. total stem biomass (proxy for stand age). The right figure shows simulated
temporal changes in simulated belowground stem biomass and total plant biomass. Adjustment
of the mortality function parameters can be used to flatten or steepen the asymptotic trends in
biomass, according to chronosequence data. The mortality function must be applied to all four
of VELMA’s plant tissues (results for leaf, aboveground stem and fine root biomass are not
shown here).
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12.1 — Plant Mortality Logistic or Linear?

Select “12.1 Plant Mortality Logistic or Linear ?” from the All Parameters drop-down menu to
specify whether you wish to use the logistic (recommended) or linear functions for simulating
plant biomass mortality:

File Edit

Run Parameters |  All Parameters | Chart | Console

Clear Filters | | |v|Ccvechrest71 "useLin.*}{crt " | | Replace Values |
12.1 Plant Mortality Logistic or Linear ? |v|
T S
. eow  tem  Paameter~  vawe
cover CoverForest_1 uselinearMortalityRgStem false

cover CoverForest_1 uselinearMortalityBgStem false

cover CoverForest_1 uselinearMortalityleaf false

cover CoverForest_1 uselinearMortalityRoot false

///// IMPORTANT NOTE /////

We do not recommend using the old linear model for simulating plant biomass mortality.
Therefore, make sure all four of the parameters shown above are set = false. When that is the
case, plant biomass mortality is computed using the logistic function. You will need to do this
for all cover types included in your watershed.

12.1.1 — Plant Mortality Logistic Parameters

Select “12.1.1 Plant Mortality Logistic Parameters” from the All Parameters drop-down menu to
specify parameter values affecting biomass mortality for each of VELMA'’s four plant tissue
types. Parameter specifications are required for each cover type.
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File Edit

Run Parameters | All Parameters rChart rConsoIe

Clear Filters | | | - |Ccvechrest_1

"[Mm]crt " | | Replace Values |

12.1.1

Plant Mortality Logistic Parameters

COvVer CoverForest_1 mortalityAgitemAnnual Fraction 1.0
COVET CoverForest_1 mortalityAgStemDenominatorCoefficient 30
COVer CoverForest_1 mortalityAgStemExponentialCoefficient 0.22
cover CoverForest_1 mortalitvAgStemfumeratorCoefficient 1.0
cover CoverForest_1 mortalityvBgStemAnnual Fraction 1.0
cover CoverForest_1 mortalityBgStemDenominatorCoefficient 30
cover CoverForest_l mortalityBgStemExponentialCoefficient 0.22
coOver CoverForest_1 mortalityBgStemfumeratorCoefficient 1.0
cover CoverForest_1 mortalityLleafinnualFraction 1.0
COVET CoverForest_1 mortalityleafDenominatorCoefficient 5.4
COVer CoverForest_1 mortalityLeafExponentialCoefficient 10.0
cover CoverForest_1 mortalityLeafNumeratorCoefficient 1.0
cover CoverForest_1 mortalitvRootAnnualFraction 1.0
cover CoverForest_1 mortalityRootDenominatorCoefficient 10.0
cover CoverForest_l mortalityRootExponentialCoefficient 0.5
cover CoverForest_1 mortalityRootNumeratorCoefficient 1.0

Reference to mortality coefficients in the parameter definitions, below, refer to the following

plant mortality logistic function. Using AgStem as an example:
AgStem Mortality = AgStem NPP * C / (1 + A * exp”(-B * Tissue N)),

where,

AgStem Mortality & AgStem NPP are computed internally by VELMA in g N m2 d-!

A
B
C

Parameter Definitions

mortalityAgStemAnnualFraction

mortalityAgStemDenominatorCoefficient
mortalityAgStemExponentialCoefficient

mortalityAgStemNumeratorCoefficient

The fraction of a tissue’s simulated

annual mortality that gets subtracted

mortalityAgStemDenominatorCoefficient

mortalityAgStemExponentialCoefficient

from the corresponding biomass pool per
day during the specified period of
senescence. The default value for this
fraction is 1.0 (i.e. the full per-day
amount) and the valid range is [0.0 to
1.0] Warning! Users unfamiliar with
this parameter's behavior should leave
it set to the default value of 1.0.

Parameter “A” in the equation above.

Parameter “B” in the equation above.

above.mortalityAgStemNumeratorCoefficient Parameter “C” in the equation above.

Note: the 4 preceding parameters repeat for the other tissues — i.e., “Leaf”, “BgStem” or “Root”
appear in place of “AgStem” in the parameter names above. These

Calibration Notes
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We have prepared a DRAFT Excel spreadsheet that you may choose to use to calibrate plant
logistic mortality parameters for your site (please contact mckane.bob@epa.gov if you have
questions):

Filename: VELMA 2.0_Biomass Mortality Calibrator CHB_9-24-13 v3.xlsx
Folder location: VELMAZ2.0Software/SupportingDocuments/ExcelCalibrationFiles

12.1.1.1 through 12.1.1.4 — Plant Mortality Logistic Parameters for Leaf, AgStem, BgStem and
Root Biomass

See section 12.1, above, for mortality parameter definitions and calibration information.
Although 12.1 complete list However, to avoid mistakes, we recommend that you use sections
12.1.1.1 through 12.1.1.4 in the All Parameters drop-down menu to specify tissue-specific
mortality parameters. For example, use the All Parameters drop-down menu to select section
12.1.1.1 to display and specify leaf logistic mortality parameters. Parameters for aboveground
stem, belowground stem and roots appear under the following 3 subsections.

12.2 — Plant Mortality Phenology

13.0

Select “12.2 Plant Mortality Phenology” from the All Parameters drop-down menu to specify
parameter values for the beginning and end dates for plant biomass mortality.

File Edit

Run Parameters | All Parameters | Chart | Console |

Clear Filters || ‘vlCcvechrest71 ||:|3ay.*5&n " || Replace Values ‘

12.2 Plant Mortality Phenology | - |

cover CoverForest_1 jDaySenescenceln

COover CoverForest_1 jDay3enescenceQff 303

Parameter Definitions

jDaySenescenceOn The Julian Day of the year when this cover species biomass begins
senescing. (Note: Set >= 367 to "deactivate" senescence for this
cover species.)

jDaySenescenceOff The Julian Day of the year when this cover species biomass stops
senescing (Note: any value >= 367 results in biomass NOT
senescing through the end of the year.

Decomposition  (link to All Parameters TOC)
Decomposition of soil organic matter is a key process in VELMA, controlling the rate at which

dead organic C and N pools (detritus and humus) are converted to inorganic C and N pools (CO-,
NH4, NO3z, DON and DOC).

VELMA v2.0 has a new decomposition model based on Potter et al. (1993). In the Potter model,
microbially-mediated decomposition of plant and soil organic residues produces CO>, such that

CO2i=Ci* ki *Ws * Ts * (1-Me), where

— i =aspecified soil organic matter pool (in VELMA, plant tissue detritus or humus)
— CO2; = carbon dioxide released by the decomposition of pool i

—  Ci= carbon content (gC/m?) of pool i

— ki = maximum decay rate constant of pool i

— Ws = scalar constant (0-2.8) for the effect of soil moisture content on decomposition
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Ts = scalar constant (0-1) for the effect of temperature on decomposition
Me = carbon assimilation efficiency (0 — 1) of microbes

We made several modifications to the Potter model for VELMA v2.0:

We modified the Potter decomposition equation, above, to apply it to detritus and
humus N pools rather than C pools. The difference in the C/N ratios of donor and
recipient pools are used to estimate total carbon decomposed. Specified fractions of
the total carbon decomposed are converted to CO2 and DOC. Similarly, a specified
fraction of total decomposed N is converted to DON.

We replaced Potter’s scalar constant for soil temperature (Ts) with a nonlinear
function describing the fraction (0 — 1) of the maximum decay rate (Kj) versus soil
temperature (°C, per layer). See section 11.3 for a description of this nonlinear
temperature function, which is also used in the plant N uptake subroutine.

We replaced Potter’s scalar constant for soil moisture (Ws) with a nonlinear function
describing the fraction (0 — 1) of the maximum decay rate (K;) versus layer-specific
soil moisture (v/v, per layer). Our soil moisture decomposition function uses a
nonlinear Weibull function, which is the same as that applied to the soil moisture N
fixation function (see section 14.0).

“Appendix 1: Overview of VELMA'’s Leaf-Stem-Root (LSR) Plant Biomass Submodel” presents
a conceptual diagram and equations describing pools and fluxes involved in the decomposition
subroutine for VELMA v2.0.

13.1 — Decomposition Nitrogen-To-DON Fraction

Select “13.1 Decomposition Nitrogen-To-DON fraction Plant Mortality Phenology” from the All
Parameters drop-down menu to specify a parameter value for controlling DON production:

File Edit

Run Parameters | All Parameters |/C|Iill1 rConsoIe

Clear Filters ||Calibraticn |v| ||"psm_q$ " | | Replace Values |

13.1

Decomposition Nitrogen-To-DON Fraction | - |

Parameter Definitions

psm_q The fraction of decomposed nitrogen converted to DON range [0.0 — 1.0]

Calibration Notes

You will need to iteratively calibrate “psm_q” against observed stream DON concentrations
(Abdelnour et al. 2013). This is most easily accomplished using VELMA’s runtime
visualization option for “Calibration Annual Nutrients”. After annual results are in the ballpark,
switch to “Calibration Daily Nutrients”.

Reference:

Potter, C. S., Randerson, J. T., Field, C. B., Matson, P. A., Vitousek, P. M., Mooney, H. A., &
Klooster, S. A. (1993). Terrestrial ecosystem production: a process model based on global
satellite and surface data. Global Biogeochemical Cycles, 7(4), 811-841.
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13.2 — Decomposition CO2 Respiration Fraction

Select “13.2 Decomposition CO2 Respiration Fraction” from the All Parameters drop-down
menu to specify a parameter value controlling CO> production during decomposition:

File Edit

Run Parameters | All Parameters |/Charl |/Console |

Clear Filters ||c‘.alibraticn |v| ||"c:c2Res " | | Replace Values |

132 Decomposition C02 Respiration Fraction |v|

calibration VelmaCalibration.properties co2RespirationFraction 0.98

Parameter Definitions

co2RespriationFraction The fraction of humus decomposition (in Carbon) lost to the
atmosphere as CO2.

Calibration Notes

You will need to iteratively calibrate “co2RespriationFraction” in order to obtain a good fit
between simulated and observed stream DOC concentrations, since DOC produced during
decomposition = 1 - co2RespriationFraction. This is most easily accomplished using VELMA’s
runtime visualization option for “Calibration Annual Nutrients”. After annual results are in the
ballpark, switch to “Calibration Daily Nutrients”.

13.3 — Decomposition Microbe Efficiency

Select “13.3 Decomposition Microbe Efficiency” from the All Parameters drop-down menu to
specify the microbial efficiency for carbon assimilation during decomposition:

File Edit

Run Parameters | All Parameters |/ Chart rConsoIe |

Clear Filters | |c‘.alibraticn |v| |

~microbe || | | Replace Values |

BT Decompo3ition Microbe Efficiency |v|

e

calibration VelmaCalibration.properties microbeCefficiency 0.435

Parameter Definitions

microbeCefficiency The carbon assimilation efficiency (0 — 1) of microbes. This is
a globally-applicable term of the Potter equation.

As an example, an assimilation efficiency = 0.45 means that for every gram of carbon
decomposed, 0.45 g is assimilated into the humus carbon pool (microbes are not explicitly
modeled), and the remaining 0.55 g is respired as CO,. However, a small fraction (1 -
co2RespriationFraction) of this 0.55 g goes to the DOC pool.

Consult the references below for insight into typical values for microbeCefficiency.
References:

Potter, C. S., Randerson, J. T., Field, C. B., Matson, P. A., Vitousek, P. M., Mooney, H. A., &
Klooster, S. A. (1993). Terrestrial ecosystem production: a process model based on global
satellite and surface data. Global Biogeochemical Cycles, 7(4), 811-841.

Herron, P. M., Stark, J. M., Holt, C., Hooker, T., & Cardon, Z. G. (2009). Microbial growth
efficiencies across a soil moisture gradient assessed using **C-acetic acid vapor and *°N-
ammonia gas. Soil Biology and Biochemistry, 41(6), 1262-12609.
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13.4 — Decomposition Cover-Specific Parameters

Select “13.4 Decomposition Cover-Specific Parameters” from the All Parameters drop-down
menu to specify the microbial efficiency for carbon assimilation during decomposition. These
parameters must be specified for each cover type.

File Edit
Run Parameters | All Parameters |”Chart |’C0nsole |
ClearFilters | [cover v |pecays | | | Replace values |

‘ 13.4 Decomposition Cover-Specific Parameters |v|
e T T T T T
. eowp  Mem  Pamameter  Vale

cover CoverForest_1 humusimaxDecay 0.00032

COVETL CoverForest_1 detritusBgStemiimaxDecay 0.0052

cover CoverForest_1 detritusRootNmaxDecay 0.0065

cover CoverForest_1 detritusleafNmaxDecay 0.0065

cover CoverForest_1 detritushigitemiimaxDecay 0.0052

Parameter Definitions

humusNmaxDecay The maximum rate of decay (0 — 1) for the humus N pool.

detritusBgStemNmaxDecay The maximum rate of decay (0 — 1) for the belowground stem
(BgStem) N pool.

detritusRootNmaxDecay The maximum rate of decay (0 — 1) for the root N pool.
detritusLeafNmaxDecay The maximum rate of decay (0 — 1) for the leaf N pool.

detritusAgStemNmaxDecay The maximum rate of decay (0 — 1) for the aboveground stem
(AgStem) N pool.

Calibration Notes

You will need to iteratively calibrate these decay constants, for each cover type, in order to
obtain a good fit between simulated and observed detritus pool data. It is almost always best to
calibrate for steady state (equilibrium) conditions, e.g., for mature cover types.

14.0 Nitrogen-Fixation (link to All Parameters TOC)

Nitrogen fixation is a process in which nitrogen (N2) in the atmosphere is converted

into ammonium (NHa). In biological systems, N fixation can be carried out by free-living
(asymbiotic) microorganisms, or by plant species that have a symbiotic relationship with N-
fixing bacteria (Frankia and Rhizobia). In symbiotic N fixation, plants provide carbohydrates as
an energy source to bacteria that in turn supply NHs to the host plant.

Rates of symbiotic N fixation for soybeans, red alder and other species can sometimes exceed
100 kg ha yr?, an amount similar to agricultural fertilizer applications. Rates for asymbiotic N
fixers tend to be much lower — for example, <1 kg ha® yr?in some PNW coniferous forests.
However, it is important to capture even small N additions, which are important for maintaining
and even increasing ecosystem N stocks over successional time scales.

We added a nitrogen fixation subroutine to VELMA v2.0 that addresses symbiotic and
asymbiotic fixation for any cover type (agricultural, grassland, forest, etc.)

The conceptual diagram below shows VELMA’s modeled pools and fluxes. Note that parameter
names in this diagram do not strictly follow those used in VELMA, but nonetheless convey the
overall structure of the N fixation subroutine.
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Cover Specific Asymbiotic & Symbiotic N Fixation Equations
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1 AsymblotlcleedNtoHumus o SymbioticFixedN 2 assume microhial responses % assume microbial responses
= aresimilar) Y ; / aresimilar)
) \ 0
°5ymbioticFixedNtoHumus Temperature, °C Soil Moisture Sat. Fraction, 0-1
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/
o AsymbioticFixedNtoHumus = f{MaxAsymbioticFixedNtoHumus, NFixTemperatureScalar, NFixMoistureScalar)
gN/m2/day gM/m2/day (Harmon refs) 0-1 0-1

o SymbioticFixedN = f{MaxSymbioticFixedN, BiomassRootN, NFixerCoverFraction, NFixTemperatureScalar, MFixMoistureScalar)
gN/m2/day gN/m2/day (snkiey etal 1920 Tabie 1 0-1 0-1 0-1

SymbioticFixedNtoPlants = SymbioticFixedN * FixedNUptakeFraction

e gN/m2/day gMN/m2/day 0-1
SymbioticFixedNtoHumus = SymbioticFixedN * (1 — FixedNUptakeFraction)
gN/m2/day gN/m2/day 0-1
NPP = [the usual NPP equation] + SymbioticFixedNtoPlants
e gN/m2/day gN/m2/day gN/m2/day
AHumusN = [the usual AHumusN equation] + AsymbioticFixedNtoHumus + SymbioticFixedNtoHumus
e gN/m2/day gN/m2/day gN/m2/day gN/m2/day

Select “14.0 Nitrogen-Fixation” from the All Parameters drop-down menu to specify parameter
values for asymbiotic and symbiotic N fixation.

Eile Edit
Run Parameters | All Parameters |/ Chart r Console |
Clear Filters | |c:nver |v |Cnveanrest_1 || [Ff]ix || | | Replace Values |
14.0 Nitrogen-Fixation | |
COVET CoverForest_1 useNitrogenFixation true
cover CoverForest_1 nitrogenFixerFraction 0.0
cover CoverForest_1 nitrogenFixationUptakeFraction 0.5
Cover CoverForest_1 nitrogenFixationTemperatureScalarOptimamT 25.0
COVETL CoverForest_1 nitrogenFixationTemperatureScalarMaximumT 48.0
COVETL CoverForest_1 nitrogenFixationTemperatureScalarCurvature 0.40
cover CoverForest_1 nitrogenFixationSymbioticMaximum 0.0
cover CoverForest_1 nitrogenFixationMoistureScalarlambda 0.77
Cover CoverForest_1 nitrogenFixationMoistureScalarK 1.8
COVETL CoverForest_1 nitrogenFixationfAsymbioticMaximam 0.1

Parameter Definitions

useNitrogenFixation When using NitrogenFixation = false (default), no
nitrogen fixation is computed for this cells of this
cover. When useNitrogenFixation = true, nitrogen
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fixation is computed using this cover's other nitrogen
fixation parameters.

nitrogenFixerFraction The fraction of a cell's plant matter (in the range [0.0
1.0]) that performs Nitrogen fixation.

nitrogenFixationUptakeFraction The fraction (in the range [0.0 1.0]) of the symbiotic
fixed Nitrogen that is available for plant NPP. Plant
symbiotic fixed nitrogen is: Total symbiotic fixed
Nitrogen * nitrogenFixationUptakeFraction The
remainder of the total is allocated as Humus
symbiotic fixed nitrogen.

nitrogenFixationTemperatureScalarOptimumT Optimum temperature (in degrees C) parameter
of GEM temperature scalar function for Nitrogen
fixation.

nitrogenFixationTemperatureScalarMaximumT Maximum temperature (in degrees C) parameter
of GEM temperature scalar function for Nitrogen
fixation.

nitrogenFixationTemperatureScalarCurvature Curvature parameter ("gx") of GEM temperature
scalar function for Nitrogen fixation

nitrogenFixationSymbioticMaximum The maximum amount of Nitrogen converted from
the atmosphere by symbiotic processes in
gNfixed/gFixerFineRootBiomassN per m2 per day.

nitrogenFixationMoistureScalarLambda The Lambda value of the Weibull equation used to
compute a water scalar for Nitrogen fixation.

nitrogenFixationMoistureScalarK K value of the Weibull equation used to compute a
water scalar for Nitrogen fixation.

nitrogenFixationAsymbioticMaximum The maximum amount of Nitrogen converted from
the atmosphere by asymbiotic processes in
gN/m2/day.

Calibration Notes

For initial calibration of the N fixation subroutine’s temperature and moisture functions, we
recommend starting with the values shown in the screenshot above. The cover-specific
parameters will require iterative calibration against published data.

14.1 — Nitrogen-Fixation On/Off ?

See section 14.0, above, to specify whether to turn the N fixation subroutine on (true) or off
(false). We’ve placed the on/off parameter there.

15.0 Nitrification (link to All Parameters TOC)

Nitrification is the microbially-mediated conversion of ammonium (NH4") to nitrate (NO3z). As
the diagram below indicates, nitrification (red box) is an important step in the soil nitrogen cycle
(partially shown here).
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Compared to the positively charged NH4* ion, the negatively charged NOs™ ion is highly mobile
in soil (also negatively charged) and more readily leached to groundwater and streams.
Nitrification also affects rates of nitrogen uptake by plant species that differ in their affinities for
NH4* and NOs™ (McKane et al. 2002). Nitrification is also a preliminary step for the process of
denitrification, in which NOz™ is microbially transformed to nitrous oxide (N20), a potent
greenhouse gas, and nitrogen gas.

The default (recommended) version of the nitrification subroutine in VELMA v2.0 is based on
Parton et al. 2001, with recent modifications made by Dr. Stephen Del Grosso

(steve.delgrosso@ars.usda.gov) and coworkers. Dr. Del Grosso’s modifications are described in
his NGAS spreadsheet model.

15.1 — Nitrification On/Off

Select “15.1 Nitrification On/Off ?”” from the All Parameters drop-down menu to specify whether
to turn the Nitrification subroutine on (true) or off (false).

File Edit

Run Parameters | All Parameters rCharl rConsoIe |

Clear Filters Hcalibraticn ‘vl ||useNitri || | ‘ Replace Values ‘

15.1 Nitrification On/Off 2 ‘ - ‘

calibration VelmaCalibration.properties |useNitrification true

Parameter Definitions

useNitrogenFixation When set false daily nitrification amounts are ignored and
the PSM model behaves as if the nitrification amount is
zero When set true (default) nitrification occurs normally

15.1.1 — Nitrification Function Type

Select “15.1.1 Nitrification Function Type” from the All Parameters drop-down menu to specify
the

File Edit

Run Parameters | All Parameters rChan rConsoIe

| Clear Filters ||calibraticn |v| ||setNitri || | | Replace Values |

| 15.1.1 Witrification Function Type |v|

calibration VelmaCalibration.properties | setNitrificationFunctionSelection DEL_GROS50_XL3_2013

Parameter Definitions

setNitrogenFunctionSelection Specify "PARTON_1996" "PARTON_2001" or
"DEL_GROSSO_XLS 2013" as the value of the
setNitrificationFunctionSelection property. Warning: be

83


http://www.ars.usda.gov/contactus/feedback.htm?email=635BFB9F9A09A8DC7B5AA5518CAFA0739460BDBDA297A957D8984045

sure to use UPPERCASE text! The simulator engine will
compute nitrifcation amounts using the specified function.
PARTON_1996 = Function based upon equation given in
Figure 2 (d) in [Parton et al. 1996] from Global
Biochemical Cycles v.10. PARTON_2001 = Function
based upon equation (2) in [Parton et al. 2001] from Journal
of Geophysical Research v.106.
DEL_GROSSO_XLS_2013 = (Default /
RECOMMENDED) function implementing the Excel
2013 spreadsheet model provided by Dr. Stephen Del
Grosso.

15.1.2 — Nitrification Soil-Specific Parameters

Select “15.1.2 Nitrification Function Type” from the All Parameters drop-down menu to specify
nitrification subroutine parameters. The parameters shown below must be specified for each soil
type in your watershed (just one soil type shown in the screenshot below).

File Edit
Run Parameters | All Parameters rChart rConsoIe |
Clear Filters ‘ ‘scil ‘vlScilh‘edgel {(*nitri) | {(~pi$) || | ‘ Replace Values ‘
15.1.2 Nitrification Soil-Specific Parameters ‘v‘
30il SocilWedgel nitrificationkl
s0il SocilWedgel nitrificationkKmax 0.1
soil SoilWedgel nitrificationToN2o 0.012
30il SoilWedgel nitrificationWipasCoeffl 0.5
30il SocilWedgel nitrificationWipsCoeffl 0.0
s0il SocilWedgel nitrificationWipsCoeff2 1.5
soil SoilWedgel nitrificationWipsCoeffs 4.5
30il SoilWedgel pH 5.6
Parameter Definitions
nitrificationkl Fraction of net Nitrogen mineralized that is nitrified
per day range in [0.0 1.0]. [Parton et al. 2001].
nitrificationkmax Maximum fraction of NH4 nitrified per day in units
of gN/m2/day range in [0.0 1.0]. [Parton et al.
2001]
nitrificationToN2o N20 flux associated with nitrification in units of
gN/m2/day
nitrificationWfpsCoeffo Soil-specific coefficient for Water Filled Pore Space

(WFPS) effect on nitrification equation.

nitrificationWfpsCoeffl Soil-specific coefficient for Water Filled Pore Space
(WFPS) effect on nitrification equation.

nitrificationWfpsCoeff2 Soil-specific coefficient for Water Filled Pore Space
(WFPS) effect on nitrification equation.

nitrificationWfpsCoeff3 Soil-specific coefficient for Water Filled Pore Space
(WFPS) effect on nitrification equation.
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16.0

pH This soil's pH value.
Calibration Notes

The nitrification model has been extensively applied to agricultural systems by the NGAS model
developers (Parton et al. 2001; Del Grosso et al. 2001 and 2006). We recommend starting with
the default parameter values provided by Stephen Del Grosso in his NGAS spreadsheet model.

Default Parameter Values:
nitrificationK1 = 0.20 (Parton et al. 2001; Del Grosso NGAS spreadsheet model)
nitrificationKmax = 0.1 (Parton et al. 2001; Del Grosso NGAS spreadsheet model)
nitrificationToN20 = 0.02 (Parton et al. 2001; Del Grosso NGAS spreadsheet model = 0.012)

Soil Texture

Nitrification Parameter Coarse  Fine Volcanic ash
nitrificationWfpsCoeff0 0.5 0.65 0.75
nitrificationWfpsCoeffl 0 0 0
nitrificationWfpsCoeff2 1.5 12 1.2
nitrificationWfpsCoeff3 4.5 25 25

References for Sections 15.0 - 15.1.2

Del Grosso, S. J., Parton, W. J., Mosier, A. R., Ojima, D. S., Kulmala, A. E., & Phongpan, S.
(2000). General model for N20 and N2 gas emissions from soils due to dentrification. Global
Biogeochemical Cycles, 14(4), 1045-1060.

Del Grosso, S. J., Parton, W. J., Mosier, A. R., Walsh, M. K., Ojima, D. S., & Thornton, P. E.
(2006). DAYCENT national-scale simulations of nitrous oxide emissions from cropped soils in
the United States. Journal of environmental quality, 35(4), 1451-1460.

McKane, R. B., Johnson, L. C., Shaver, G. R., Nadelhoffer, K. J., Rastetter, E. B., Fry, B., ... &
Murray, G. (2002). Resource-based niches provide a basis for plant species diversity and
dominance in arctic tundra. Nature, 415(6867), 68-71.

Parton, W. J., Holland, E. A., Del Grosso, S. J., Hartman, M. D., Martin, R. E., Mosier, A. R, ...
& Schimel, D. S. (2001). Generalized model for NO x and N20 emissions from soils. Journal of
Geophysical Research: Atmospheres (1984-2012), 106(D15), 17403-17419.

Denitrification  (link to All Parameters TOC)

Denitrification is the microbially-mediated conversion of nitrate (NO3z") to nitrous oxide (N20)
and nitrogen gas (N2). This process is represented in the red-outlined area in the diagram below.

Plant Uptake Atmosphere
! r 1

NH4+ — NOS- — Nzo — N2
|

Groundwater
or Stream

Nitrate that is not denitrified or taken up by plants can be readily transported to ground and
surface waters (the high mobility of NOs™ in soil is because both are negatively charged). Thus,
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denitrification can be important for protecting water quality. On the other hand, if denitrification
does not go to completion (stops at N20 instead of N2) it can increase atmospheric inputs of
N20, a potent greenhouse gas.

The denitrification subroutine in VELMA v1.0 and v2.0 is based on Del Grosso et al. 2001.
However, VELMA v2.0 includes recent updates to equations and correction to parameter values
described in Dr. Stephen Del Grosso’s (steve.delgrosso@ars.usda.gov) NGAS spreadsheet
model.

16.1 — Denitrification On/Off?

Select “16.1 Denitrification On/Off ?” from the All Parameters drop-down menu to specify
whether to turn the denitrification subroutine on (true) or off (false).

File Edit

Run Parameters | All Parameters rCharl rConsoIe |

Clear Filters - useDeni Replace Values
| -] || || | | |

16.1 Denitrification On/Off 2 |v|

calibration VelmaCalibration.properties uselenitrification true

Parameter Definitions

setNitrogenFunctionSelection When set “false” daily denitrification amounts are
ignored and VELMA'’s biogeochemistry submodel
behaves as if the denitrification amount is zero. When
set “true” (default) denitrification occurs normally.

16.1.1 — Denitrification Core Parameters

Select “16.1.1 Denitrification Core Parameters” from the All Parameters drop-down menu to
specify denitrification subroutine parameter values. These global parameters are applicable to all

soil types.
File Edit
Run Parameters | All Parameters rChart rConsoIe
Clear Filters | |Calibraticn |V| "[Dd]enit || | | Replace Values |
16.1.1 Denitrificacion Core Parameters |v‘

e

calibration VelmaCalibration.properties denitDiffusivity 8.0
calibration VelmaCalibration.properties performDenitrificationAfterWaterTransport false
calibration VelmaCalibration.properties useDenitrification True

Parameter Definitions

denitDiffusivity This is the value of the "a" parameter in Del
Grosso et al. (2000) fig.7(a). It controls the
shape of the logistic function that defines the
response of “relative denitrification” (0.0 —
1.0) to water filled pore space (WFPS %).
See calibration notes at the end of section
16.0, below.

performDenitrificationAfterWaterTransport When set “true” daily denitrification
amounts are calculated AFTER vertical and
lateral transportation of chemicals by water
occurs. When set “false” (default) daily

86


http://www.ars.usda.gov/contactus/feedback.htm?email=635BFB9F9A09A8DC7B5AA5518CAFA0739460BDBDA297A957D8984045

useDenitrification

denitrification occurs BEFORE water
transport.

When set “false” daily denitrification
amounts are ignored and the PSM model
behaves as if the denitrification amount is
zero. When set “true” (default)
denitrification occurs normally

16.1.2 — Denitrification Soil-Specific Parameters

Select “16.1.2 Denitrification Soil-Specific Parameters” from the All Parameters drop-down
menu to specify the following set of denitrification parameters for each soil type in your
watershed. There is just one parameter per soil type (3 soil types are shown in the screenshot

below).

File Edit

Run Parameters | All Parameters r Chart rConso\e

Clear Filters ‘ |sc:il

|v|

"[Dd]enit

| | Replace Values ‘

16.1.2 Denitrification Soil-Specific Parameters

|'|

soil

SoilWedgel

setDenitrificationSeilCondition

e

S Gow em  Pammeter  Vawes

INTACT

3o0il

SoilWedge2

setDenitrificationSeilCondition

INTRCT

s0il

SoilWedges3

setDenitrificationSeilCondition

INTACT

Parameter Definitions

setDenitrificationSoilCondition Defines soil condition with respect to denitrification

Calibration Notes:

calculations. Value must be one of the following: "INTACT"
(the default value) or "REPACKED_COARSE" or
"REPACKED_MEDIUM" or "REPACKED_FINE" The
value is case-sensitive and must appear exactly as given here
(but with the surrounding double-quotes). In practice, Del
Grosso’s NGAS spreadsheet uses “INTACT” = undisturbed
soils, and "REPACKED_MEDIUM” and
"REPACKED_FINE" = medium or fine textured soil
samples, respectively, that have been repacked in the lab
after field collection.

The denitrification subroutine has been extensively applied to agricultural systems by the NGAS
model developers (Parton et al. 2001; Del Grosso et al. 2000 and 2006). The parameter values
used in the model seem to be fairly robust across the wide range of conditions reported by the
authors. When calibrating the denitrification subroutine for a new site, we recommend that you
initially focus on just two parameters (assuming all the true/false options are set up correctly).

These are the yellow-highlighted parameters above: denitDiffusivity and
setDenitrificationSoilCondition.

The denitDiffusivity parameter controls the shape of the logistic function that defines the
response of “relative denitrification” (0.0 — 1.0) to water filled pore space (WFPS %). Figure 7

in Del Grosso et al. (2000) illustrates this:
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DEL GROSSO ET AL.: DENITRIFICATION MODEL
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Thus, you will need to adjust the denitDiffusivity parameter (“a” in Figure 7) to obtain a
response for the soil texture that is most appropriate for your watershed. You will also need to
specify “INTACT” for undisturbed soils. “REPACKED_MEDIUM” or “REPACKED_FINE”
refers to soil columns that have been reconstructed in the laboratory (Del Grosso et al. 2000).
You will need to decide if the REPACKED choices are appropriate for compacted field soils,
e.g., under high tillage practices.

References for section 16.0 (all subsections sections)

Del Grosso, S. J., Parton, W. J., Mosier, A. R., Ojima, D. S., Kulmala, A. E., & Phongpan, S.
(2000). General model for N20 and N2 gas emissions from soils due to dentrification. Global
Biogeochemical Cycles, 14(4), 1045-1060.

Del Grosso, S. J., Parton, W. J., Mosier, A. R., Walsh, M. K., Ojima, D. S., & Thornton, P. E.
(2006). DAYCENT national-scale simulations of nitrous oxide emissions from cropped soils in
the United States. Journal of environmental quality, 35(4), 1451-1460.

Parton, W. J., Holland, E. A., Del Grosso, S. J., Hartman, M. D., Martin, R. E., Mosier, A. R., ...
& Schimel, D. S. (2001). Generalized model for NO x and N20O emissions from soils. Journal of
Geophysical Research: Atmospheres (1984-2012), 106(D15), 17403-17419.

17.0 — Simulation Run Schedule (link to All Parameters TOC)

To let VELMA know when to start and stop a simulation, you specify need to specify values for
the following parameters:

forcing_start First year of driver (forcing) data available for the
simulation model run
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forcing_end Last year of driver (forcing) data available for the
simulation model run

syear Starting year of simulation model run
eyear Ending year of simulation model run
numberOfLoops The number of times (loops) to repeat a simulation (syear

to eyear Will repeat for the specified number of loops)

The Forcing Start and End Years Specify When a Simulation CAN Run

The VELMA Simulator expects every driver and observed data file specified in the simulation
configuration to have 1 line of data for each day between the first day of the year specified for
the forcing_start parameter and the last day of the year specified for the forcing_end
parameter.

For example, if forcing_start = 2000 and forcing_end = 2001, each driver or observed data file
must have 366 + 365 lines of data (one for each of the 731 days of years 2000 through 2001).
The value specified by forcing_start must be less than or equal to the value of forcing_end.

The Simulation Start and End Years Specify When a Simulation WILL Run

The years that the VELMA Simulator actually runs a simulation for are specified by the syear
(start year) and eyear (end year) simulation configuration parameters. It is an error for syear’s
value to be greater than eyear’s, and for either value to lie outside the bounds of the years
specified by forcing_start and forcing_end, however syear and eyear may specify a sub-range
within that range.

For example, if [forcing_start, forcing_end] =[1995, 2010], [syear, eyear] may be [1997,
2010], or even a single year, like [1998, 1998].

The Loops Parameter Specifies How Many Times the Simulation Repeats a Run

The numberofLoops parameter defaults to “1”, which tells the VELMA Simulator to run the
specified simulation from start year to end year once, and then stop. Setting the numberofLoops
parameter to n, (with > 1) tells the VELMA simulator to run the simulation from start year to end
year n times in a row, but to only initialize the simulation before the first start-to-end run. In this
way, the numberofLoops parameter provides a (simplistic) spin-up mechanism. The second start-
to-end run after the first will begin with the simulation’s data state where it was at the end of the
first start-to-end run, and so on.

Use the All Parameters Outline Selector to Focus on the Simulation Run Schedule Parameters

You can filter the All Parameters tab’s parameters table to focus on the simulation run schedule
by selecting item “17.0 Simulation Run Schedule” in the outline dropdown selector:

| £ VELMA : Chesapeake_Bob_2014-7-21_Xm|/BOB2Z_W5109_10m_MultiCover_CornHarvFert_Wedge_1944-2003_7-13-14axm| o= ==
File Edit

Run Parameters | All Parameters rCharl rConsoIe

Clear Filters || |V| ||(:'crc)I(year)l(num‘*[Ll]ccp: " || Replace Values |

17.0  Simulation Run Schedule ) qv

calibration VelmaInputs.properties eyear 2003

calibration Velmalnputs.properties forcing_end 2003

calibration Velmalnputs.properties forcing_start 1999

calibration Velmalnputs.properties number0floops ] 12

calibration Velmalnputs.properties l syear

1959
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You Can Also Review and Set Some of these Values in the Run Parameters Tab

Compare circled fields in the Run Parameters tab below with the parameters circled in the All
Parameters table above. Setting the “Run Simulator From” and “To” fields in the Run
Parameters tab sets the values of the syear and eyear parameters. Setting the Run Parameters
“Number of Loops” value sets the value of the numberOfLoops parameter. Note however, that
you can only set the forcing_start and forcing_end values in the All Parameters table. These
values are read-only fields in the Run Parameters tab. The screenshot above happens to specify
12 loops — i.e. run the simulation [1999, 2003] x12 — that’s a significant spin up. Generally
speaking, find out how long one simulation loop takes to run before embarking on that many
multiple loops.

| £ VELMA : Chesapeake_Bob_2014-7-21_Xml/BOB2_WS109_10m_MultiCover_ComHarvFert_Wedge_1944-2003_7-13-14axml =N =R =<
File Edit

Run Parameters r All Parameters r Chart r(ionsole |

iU HONRUNNAME |\/S109_10m_WMuliCover_CornHanFert_Wedge_1944-2003_7-13-14a| | SimulatorWide Configuration Switches

Gidbata Use Hitrification Model
DEM File elevation_10m_ws109_7-9-2014_nearest aoi_std_flaiProc.asc Use Denitrification Model
Columns [36 | Rows[s7 | cen size [10.0 |

Outlet X [15 | outlet ¥ [20

[ ] Use Evapotransipration-based uptake

[_] Disable the PSM Water Stressor
NH‘l Fraction (g 59

Available From 1999 To 2003

( Run Simulator From (1999 | To [2003
\ Number of Loops |12 NO, Fraction M_
DON Fraction |0.02

Compute From [2000 | To[2003 | DOC Fraction [0.23

[iana 1nm mnkicAuar CarmbanEart Weadas 10449002 712145 < WRAN0 1Nm MuliCauer CarmbdanCart Wadna 10449002 71914 ]

18.0 — Years to Compute Nash-Sutcliffe for Runoff link
to All Parameters TOC)

The VELMA Simulator Calculates a Nash-Sutcliffe Value for Runoff

Whenever possible, the VELMA simulator automatically computes a Nash-Sutcliffe Coefficient
for observed vs. simulated annual runoff values. In order to calculate the runoff Nash-Sutcliffe,
the simulator must know which span of years to include in the calculation, and have observed
runoff data for those years available.

To ensure that the VELMA simulator is able to compute a meaningful Nash-Sutcliffe value for
your simulation run, provide values for the following configuration parameters.

Set the Observed Runoff Source File

Click the All Parameters tab’s configuration outline dropdown selector and select item
“19.0 Observed Data Files”. The All Parameters table should then look like this:

| 2| VELMA : Chesapeake_Bob_2014-7-21_XmI/BOB2_WS109_10m_MultiCover_CornHarvFert_Wedge 1944-2003_7-13-14a.xml [=E]=]
File Edit
[ Run Parameters |* All Parameters | cChart | Console
Clear Filters | J_ |'| "(input,SE? | {input_ru) “ | | Replace\ralugg__l
s
19.0 Observed Data Files ) ( |v| )
e - — A

calibration Velmalnputs.properties input_runoff chb_obsg_9%9-03.cav

calibration Velmalnputs.properties h‘fﬁtﬂ:s‘ﬂ‘én_ahem obs_CHB109_gm2yr(ramp99-03) .csv

Set the input_runoff parameter to the name of a .csv file containing valid observed runoff data.
A valid file has a single column of floating-point data, one day’s observed runoff value per row.
There must be exactly as many rows in the file as there are days in the simulation configuration’s
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forcing_start t0o forcing_end parameter’s span of years. (E.g. if forcing_start = 2000 and
forcing_end = 2001, then there must be 366 + 365 or 731 rows of data in the file.)

The specified file’s location is assumed to be the directory specified by the
inputDatalLocationRootName + inputDatalocationDirName.

Set the Years to Simulation the Nash-Sutcliffe

Click the All Parameters outline dropdown selector again, and this time select item “18.0 Years
to Compute Nash-Sutcliffe for Runoff”. The All Parameters table should then look like this:

[£| VELMA : Chesapeake Bob_2014-7-21_Xmi/BOB2_W5109_10m_MuktiCover_ComHarvFert Wedge 1944-2003 7-13-14axml [ ][=][ =]
Eile Edit
[ Run Parameters | All Parameters | Chart | Console |

Clear Filters | | V| "nash " ‘ | Replace Values
18.0 Yeara to Compute Nash-Sutcliffe for Runoff —— _ [ |v

calibration VelmaCalibration.properties nashSutcliffeEnd¥earForRunoffStats

003

2
calibration VelmaCalibration.properties \ nashSutcliffeStartYearForRunoffStats 2000 J

\____________..—-—-‘.______,,._/
The nashSutcliffeStartYearForRunoffStats and nashSutcliffeEndYearForRunoffStats

specify the first and last years of the simulation run that are used to compute the Nash-Sutcliffe
coefficient. Obviously, these start and end year values must be within the range of the
simulation run’s start and end years as a whole. For example, if your simulation runs from 1995
to 2005, you cannot specify years 1980 to 2009 as the span for computing the Nash-Sutcliffe.

The VELMA Simulator Writes the Nash-Sutcliffe Coefficient for Runoff to an Output File

The VELMA simulator writes the Nash-Sutcliffe coefficient for runoff to a file named
“NashSutcliffeCoefficients.txt”. This is a simple text file, created in the directory specified by
the simulation configuration’s intializeOutputDatalocationRoot parameter.

The file contains a single line, reporting the Nash-Sutcliffe result like this:
Nash-Sutcliffe Coefficient=0.8045351825866978 Loop=1 Years=[1969 to 2008]

The Computed Nash-Sutcliffe Value is Only as Accurate as the Observed Data

The auto-computation of the Nash-Sutcliffe coefficient for runoff is convenient, but it is only as
accurate as the observed data and year’s span allow it to be.

19.0 — Observed Data Files (link to All Parameters TOC)

If you want VELMA to graphically display observed stream chemistry and runoff data along
with simulated values during a simulation (section 25.0), and calculate the Nash-Sutcliffe
efficiency coefficient (section 18.0), you will need to prepare input files and specify their names
in the All Parameters outline drop-down menu for section “19.0 Observed Data Files”:

File Edit

Run Parameters | All Parameters rChart rConsoIe |

Clear Filters | |v| ||{input_st;|{input_ru; " | | Replace Values |
‘Zlf.l’J Observed Data Files) |v|

calibration VelmaInputs.properties input stream chem cbs_CHB10S5 gm2yr(ramp99-03).cav

calibration VelmaInputs.properties \ input runoff / l chb obag 99%-03.cav ‘_/_J

— —_—

For the input_runoff parameter, specify the name of a file (.csv format) containing daily
observed streamflow (runoff) values in mm/day. The data must be formatted as one value per
line in the file, and the file must have as many lines as there are days between the simulator
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configuration’s specified forcing_start and forcing_end parameter values (see “All Parameters
17.0 — Simulation Run Schedule™)

For the input_chem parameter, specify the name of a file (.csv format) containing observed daily
stream chemistry values for DON, NH4, DOC and NOs, in that order! Units are g N m day,
org C m2day™.

Both input files must be placed in the simulation configuration’s input file directory location
(inputDataLocationDirName) and name (inputDatalocationRootName). These input data
parameters can be found by selecting “Startups” under the drop-down Filter menu tab (type
“input” in the filter for the “Parameter” column if you wish to focus the selection on just these
two parameters:

File Edit
Run Parameters | All Parameters rChart rConsoIe
Clear Filters USEartups? dvl) ("inpur.l) " | | Replace Values |
— \E./ jp—

0.0 Al

= -]

3tartups VelmaStartups.propertiesf inputDatalocationDirName EhodeRiver W5105_10m

|| Startups VelmaStartups.properties\inputDatalocationRootName 5 C:/Users/bmckane/Documents,/SiVELMA Appsa/Input/2 Chesapeake
r —

20.0 — Simulation-End Data Capture for Spin-up Initialization Use link

to All Parameters TOC)

Skip to section 21.0 where the procedure for section 20.0 is included as part of the “Simulation-
Start Initialization from Spin-up Data” procedure.

21.0 — Simulation-Start Initialization from Spin-up Data
(link to All Parameters TOC)

This section outlines a technique for using the ending state of a VELMA simulator run’s spatial
data pool values as the initial starting state for the spatial data pools of a second simulation run.

(1) Create a common simulation configuration base .xml document
The base .xml simulation configuration is your overall simulation configuration, with DEM, soil,
cover, etc. parameters set as you wish them to be for site and conditions you are simulating.

(2) Make two copies of the base simulation configuration .xml document
One of the two copies will be modified to be the spin up configuration. The other will be the
actual, final configuration.

(3) Modify the Spin up configuration to save spatial data state at the end of its simulation run
1. Load the Spin up configuration into JVelma.
2. Click to the “All Parameters” tab and select “All startups” from the drop-down list of

filters. That is, use the drop-down button m located above the “Group” column, not the

“Value” column. You may need to click  Clearfilters  hytton first to get rid of any
filtering text already present).

3. Inthe All Parameter “ID Key” column, locate the setEndStateSpatialDatalocationName
parameter, then click-click into its “Value” field and type in the name of a directory
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where the simulation can store spatial data map (“.asc”) files.

Note that:

A. The directory name may be either a fully-qualified path, or a relative path.
If it’s a relative path, JVelma assumes its root is the output directory specified by the
simulation configuration’s
[calibration/VVelmalnputs.properties/initializeOutputDatalLocationRoot parameter.

B. Use “/” path separators in the directory name.

C. The directory does not need to exist beforehand; JVelma will try to create it when it’s
needed during the simulation run.

4. Click to the “Run Parameters” tab and set the “Run Simulator From” and “To” values to
the years you want the Spin up to run. (You may also wish to set the Nash-Sutcliffe
coefficient “Compute From” and “To” values at this point.)

Save the Spin up configuration .xml file.

(4) Modify the Actual configuration to initialize its spatial data state at simulation start.

1. Load the Actual configuration into JVelma.

2. Click the “All Parameters” tab and select “All Startups” from the drop-down list of filters
(you may first need to click the “Clear Filters” button).

3. Inthe All Parameters “ID Key” column, locate the
setStartStateSpatialDatalocationFileName parameter, then click-click into its “Value”
field and type in the name of a directory where the simulation can look for spatial data
map (“.asc”) files.

Note that:

A. Presumably, the directory path will be to the directory specified as the
setEndStateSpatialDatalocationFileName Value in the Spin up configuration file.

B. The directory name may be either a fully-qualified path, or a relative path.
If it’s a relative path, JVelma assumes its root is the output directory specified by the
simulation configuration’s inputDatalLocationRootName/inputDatalocationDirName
parameters.

C. Use “/” path separators in the directory name.

D. The directory MUST exist at the time that the Actual simulation starts running.

4. Click to the “Run Parameters” tab and set the “Run Simulator From” and “To” values to
the years you want the Spin up to run. (You may also wish to set the Nash-Sutcliffe
coefficient “Compute From” and “To” values at this point.)

Save the Actual configuration .xml file.

(5) Run the Spin up simulation to completion.
Start JVelma, load the Spin up configuration .xml and Start the simulation running.
Wait until the Spin up simulation completes its run before proceeding.

(6) Run the Actual simulation to completion.
Start JVelma, load the Actual configuration .xml and Start the simulation running.
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When the Actual configuration completes, the Actual simulation run’s results will be data based
on an initial spatial data state taken from the final spatial data state of the Spin up simulation run.

22.0 — Cell Data Writer Items  (link to All Parameters TOC)

Cell Data Writers Allow You to Gather Simulation Results for a Specific Grid Location

The VELMA simulator automatically provides daily simulation results for various values (e.g.
Leaf Biomass), however these daily results are average values that are computed by summing
individual cell values and then dividing the sum by the number of cells in the simulation’s
delineated watershed.

To gather daily simulation results for a single, specific cell, you need to add a Cell Data Writer
parameterization for that cell to the simulation configuration.

Adding a Cell Data Writer to a Simulation Configuration

Cell Data Writers are optional. Simulation configurations contain zero instances of them by
default. When added, they do not change the simulation computations — they are only involved
in reporting results.

To add a Cell Data Writer to your simulation configuration:
Click the “Edit” - “Cell Data Writer” - “Add a New Cell Writer” menu item.

|22 VELMA : Chesapeake_Bob_2014-7-21_Xml/BOB2_W5109_10m_MultiCover_CornHarvFert_Wedge_1944-2003_7-13-14axml EI@
File ETil‘
@ Create a New, Empty Configuration W
cl| Cell Data Writer DW " H | ‘ Replace Values |

0.0 | Cover Species » icate an Existing Cell Writer |'|
= | Disturbances } Change Cell Writer Key Name e
Soil Parameterization } Remove a Cell Writer

zpa| Spatial Data \Writer b | | NO3_LATERAL QUT_4 initializelctiveldaya 1-366 é

apa| Set\Weather Model b | | NO3_LATERAL QUT_4 initializeSpatialDataSources WO3_LATERAL CUT, 4 B

spa| Set Tidewater Model b | | NO3_LATERAL QUT_4 trimfutputToWatershedBoundary false

apz| Remove Unused Parameters NO3_LATERAL OUT_4 modelClasas SpatialDataWriter

apa| Import Parameters from Xmil NO3_LATERAL OUT_4 allowNonWatershedCellValues false

spatialDataWriter NO3_IATERAL OUT_4 initializelActiveloops 12

anarialNatraritar uN2 TATFRAT ATIT 4 initializelerivaVaara 2000 20A1 AR 2002

Clicking “Add a New Cell Writer” opens the Cell Writer Name dialog, which looks like this:

P "

| £:| Specify Cell Writer Mame @

? Cell Data Writer Type CellDataWriter
Cell Data Writer Name |

OK Cancel

Enter a name for your new Cell Data Writer and click “OK”.

The name must be unique (i.e. no other Cell Data Writer already specified for this simulation
configuration can share the name you specify) and we recommend avoiding whitespace, and
punctuation characters (e.g. “(“ and “)”). An acceptable example name (assuming it’s not
already in use by another Cell Data Writer might be “Probe_Point_1" or maybe “outlet_Cell”.
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Configuring a Cell Data Writer’s Parameters

After you click OK in the Cell Data Writer’s naming dialog, the VELMA GUI adds the Cell
Data Writer to the simulation configuration, and sets the All Parameters tab’s filters to display
only the parameters of the newly-added Cell Data Writer.

Assuming we named our new Cell Data Writer “Probe_Point_1" and clicked OK, the VELMA
GUI would look like this afterwards:

| £/ VELMA : Chesapeake Bob_2014-7-21_Xm|/BOB2_WS109_10m_MultiCover_ComHarvFert Wedge 1344-2003 7-13-14z.xml =N~
Eile Edit
[ Run Parameters | All Parameters | Chart | Console

Clear Filters | |GEllDataKriter ‘V|Prcbeil‘cim:71 || ” | ‘ Replace Values

0.0 A1l Configuration Parameters |v

P P

cellDataWriter Probe_Point_1 initializelctiveJddays

cellDataWriter Probe_Point 1 cellY [u]

cellDataWriter Probe_Point 1 cellX [u]

Notice, in passing, that the configuration outline does not automatically get set by the GUI. In
the example screen capture above, it displays “0.0 All Configuration Parameters” — which is not
what is being displayed in the parameterization table. This behavior is harmless.

A Cell Data Writer has only 3 parameters, but they must all be set correctly: none are optional.
Set the initializeActiveJdays parameter to the Julian days that you want data reported for. If
you want data reported on every day of the year (this is the most common case) set the
initializeActiveJldays Vvalue to be “1-366”. (The 366 avoids missing the last day in any leap
years that occur in the simulation run.)

If you only want data reported on specific days of the year, enter the Julian Day values as a
comma-separated list (e.g. “1, 90, 180, 270 reports data on days 1, 90, 180 and 270). You may
specify an inclusive range of days by separating a start-day value from an end-day value by a
dash (e.g. (“1, 90-180, 270" reports data on days 1, days 90 through 180, and on day 270).

Set the ce11x parameter’s value to the X-coordinate (i.e. column value) of the cell you want data
reported for. The valid range is from 0 (the leftmost column) to (number of columns — 1).

Set the ce11y parameter’s value to the Y-coordinate (i.e. row value) of the cell you want data
reported for. The valid range is from O (the topmost row) to (hnumber of rows — 1).

Cell Data Writer Output is A Comma-Separated Values File

The VELMA simulator creates 1 .csv file for each valid Cell Data Writer parameterization in the
simulation configuration .xml file.

Cell Data Writer output files are written to the Results Data Location folder. Their filenames
always begin with the prefix “Cell_" and contain the linear index, x-coordinate and y-coordinate
of the cell they contain data for (e.g. Cell_i2873_x35_y33.csv).

Each row of a Cell Data Writer output file contains results data for a specific loop, year and
Julian day during the simulation run. The file’s columns contain the specific results. The header
row of the file specifies the contents of each column. Note that some columns contain data that
never varies (e.g. the DEM_Elevation(m) column reports the cell’s elevation — which is always the
same value.)

95




Cell Data Writers and Spatial Data Writers are Different, but Complementary

A Cell Data Writer reports all the results data available for a specific cell on user-specified days.
A Spatial Data Writer reports a specific result for all the cells in the simulation watershed on
user-specified days. Both are optional for simulation runs.

23.0 — Spatial Data Writer Items  (link to All Parameters TOC)

Spatial Data Writers Report a Simulation Result for Every Cell in the Simulation Grid
Spatial Data Writers are how the VELMA simulation provides spatially-explicit results output.

Spatial Data Writers are layer- and result-specific. You must configure separate spatial data
writer parameterizations for each result type you will to output, and for layer of that result type.
(E.g. to get spatial data output for the Root Biomass pool layers 3 and 4, you would need to add

and configure two separate Spatial Data Writer parameterizations to your simulation
configuration.

23.1 — Spatial Data Writer Items by Model Type

Adding a Spatial Data Writer to a Simulation Configuration

Spatial Data Writers are optional. Simulation configurations contain zero instances of them by
default. When added, they do not change the simulation computations — they only report results.

To add a Spatial Data Writer to your simulation configuration:
Click the “Edit” - “Spatial Data Writer” > “Add a New Spatial Writer”.

| £:| VELMA ; Chesapeake_Boh_2014-7-21_Xm|/BOB2_WS109_10m_MultiCover_ComHarvFert Wedge_1944-2003_7-13-14a:ml (=N R =
Eile | Edit |

Rui Create a New, Empty Configuration art | Console
clf Cell Data Writer
Cover Species

vl " ” ‘ | Replace Values |

s |'|

=~ Disturbances

- v v -

Soil Parameterization

zpz| Spatial Data Writer Add a New Spatial Writer initializehctiveddays 1-366

spa| SetWeather Model »| Duplicate an Existing Spatial Writer
y Change Spatial Writer Key Name
Remove a Spatial Writer

zpa| Remove Unused Parameters [ [Ty _SATCREL_UUL_% modelClasa SpatialDatalriter

apa| Import Parameters from Xmi | NO3_LATERAL OUT_4

initializeSpatialDataSourcea NO3_LATERAL OUT, 4

apa| Set Tidewater Model trimfutputToWatershedBoundary falae

allowNonWatershedCellValues false

| [ WAa TaTEDAT AT 4

Clicking “Add a New Spatial Writer” opens the Spatial Writer Type and Name dialog which
looks like this:

P

(£ Specify Spatial Writer Name &3

'?' Spatial Data Writer Type | SpatialDataVriter -

Spatial Data Writer Name

0K Cancel

Leave the Spatial Data Writer Type selector set to “spatialbataWriter”.

The Spatial Data Writer Name must be unique (i.e. no other Spatial Data Writer already
specified for this simulation configuration can share the name you specify). Avoid whitespace
and punctuation characters (e.g. “(* and “)””). As an example, here are a couple of acceptable
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names (assuming they’re not already in use by another Spatial Data Writer, and the Spatial Data
Writer we’re adding will report layer 3 root biomass; “Root_Biomass_Layer_3” and “Root_L3”.

23.2 — Spatial Data Writer Items Data Sources

Configuring a Spatial Data Writer’s Parameters

After you click OK in the Spatial Data Writer’s Type and Name dialog, the VELMA GUI adds
the Spatial Data Writer to the simulation configuration, and sets the All Parameters tab’s filters
to display only the parameters of the newly-added Spatial Data Writer.

Assuming we named our new Spatial Data Writer “Root_Biomass_Layer 3" and clicked OK,
the VELMA GUI would look like this afterwards:

File Edit

[ Run Parameters | All Parameters | Chart | Console

| £ VELMA: Chesapeake Bob_2014-7-21_Xml/BOB2_W5109_10m_MultiCover CornHarvFert Wedge 1944-2003_7-13-14a.xml

E=5EoE )

Clear Filters | |spatialﬁataﬁriter |V|Rc:c:tiBic:massiLayer73

| | Replace Values |

0.0 A1l Configuration Parameters

|v|

spatialDataWriter

Root_Biomass_Layer_3

allowlonWatershedCellValues

false

spatialDataWriter

Root_Biomaas Layer 3

initializehActiveldays

spatialDataWriter

Root_Biomass_Layer 3

initializeActiveloops

spatialDataWriter

Root_Biomass_Laver_ 3

initielizeActiveYears

spatialDataWriter

Root_Biomass_Laver_ 3

initialize3patialData3ources

spatialDataWriter

Root_Biomass_Layer 3

mndelClass

SpatialDataWriter

spatialDataWriter

Root_Biomass_Layer 3

trimQutputToWatershedBoundary

false

Notice, in passing, that the configuration outline does not automatically get set by the GUI. In
the example screen capture above, it displays “0.0  All Configuration Parameters” — which is
not what is being displayed in the parameterization table. This behavior is harmless.

A Spatial Data Writer has 7 parameters. None are optional, but one (modelclass) is set
automatically by the GUI, and two others (allowNonWatershedCellvalues and
trimOutputToWatershedBoundary) default to reasonable values automatically. The remaining 4
parameters specify when this parameterization writes its specified spatial data source to file, and

what that spatial data source should be.

The Spatial Data Sources Parameter Specifies What Data Is Written

Set the initializeSpatialDataSources parameter to the name of the spatial data source you want
to report results for. The name is case-sensitive, and must exactly match a name from the Table
of Spatial Data Sources given below. Be careful to avoid leading or trailing whitespace when
you enter the spatial data sources name; leading or trailing whitespace can “break” the simulation

configuration.

If the spatial data source you choose is multi-layered (see the table), you may (in some instances,
must) explicitly specify the layer you wish to write. Specify an explicit layer by adding it,
comma-separated, after the spatial data source name. The range of valid layer numbers is [1 to

4].

For example: “Biomass_rooT_N" specifies the spatial data source name for biomass root, and
“BIOMASS_ROOT_N, 2” specifies biomass root data, layer 2 (enter these, and all parameterization
values, without the surrounding quotation (*) marks).
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23.3 — Spatial Data Writer Items Core Scheduling

The Three “InitializeActive...” Parameters Specify When Data Is Written

Select “23.3 Spatial Data Writer Items Core Scheduling” from the All Parameters drop-down
outline selector menu:

File Edit

Run Parameters | All Parameters | Chart | Console

Clear Filters ||spatial)atah‘riter |v|3ENIIRIFICAIIC-N ~initializel " | | Replace Values |
23.3 Spatial Data Writer Items Core Scheduling |v|
T e T e
. eow  Mtem~  Paametr  Vawe
spatialDataWriter DENITRIFICATION initializeRctiveYears 2000, 2001, 2002, 2003
spatialDataWriter DENITRIFICATION initializeRctiveloops 12

spatialDataWriter DENITRIFICATION initializeRctiveddays 1-366

Set the initializeActiveloops, initializeActiveYears and initializeActiveJdays parameter
values to the loop numbers, years and Julian day values that you want the Spatial Data Writer to
write results for.

Any specified Loop numbers, years or Julian days that are “beyond bounds” are ignored. l.e. if
the simulation configuration specifies 3 loops, and the Spatial Data Writer
initializeActiveLoops value is set to 4, no data will ever be written. It is an error to specify
negative numbers for Loop, Year or Jday parameters.

[TIP: Setting an initializeActiveLoops value greater than the number of loops the simulation
configuration specifies run is an unintuitive yet handy way to temporarily “shut off” a spatial
data writer’s output without removing it from the simulation configuration.]

You may specify more than one value by separating values with commas, and you may specify
an inclusive range of values by separating the start and end values by dashes.

(E.g. specifying “1, 3-7, 12” for initializeActiveLoops would allow the spatial data writer to
write data in loops 1, loops 3 through 7, and loop 12 — assuming the simulation configuration’s
numberOfLoops parameter is set to 12 or more.)

You May Emphasize the Watershed Cells, or Not

When the allowNonWatershedCellvalues parameter is set false, its spatial data writer writes any
cell value outside the watershed as NO_DATA (the value «“-9999.0”). The default value is
false, which makes it easy to discern the watershed’s delineation in the results file. If you want
the results file to include every cell value, regardless of whether a given cell is in or out of the
watershed delineation, set this parameter to true.

23.4 — Spatial Data Writer Items Output Map Size

You May Reduce the Dimensions of the Results Grid File

Select “23.4 Spatial Data Writer Items Output Map Size” from the All Parameters drop-down
outline selector menu:

File Edit

[ Run Parameters |  All Parameters | Chart | Console

Clear Filters | |Spatial:‘latah‘riter |V|3ENIIRIFICAIIC-N

~trim || | | Replace Values |

23.4 Spatial Data Writer Items Output Map Size |v|

W

spatialDataWriter DENITRIFICATICN trimfutputToWatershedBoundary false
L] I I I 1
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When trimoutputToWatershedBoundary IS Set false, the spatial data writer writes a results file
with the same grid dimensions at the simulation configuration’s DEM file. This (default value)
make it easy to overly Spatial Data Writer output results on top of the DEM, cover Id map, or
soil Id map files. When set to true, the spatial data writer writes a results file that contains only
the cells within the bounding rectangle of the delineated watershed. Depending upon the size of
the watershed relative to the overall DEM, this may result in Spatial Data Writer files that are
smaller, and easier to review “by hand”.

[TIP: Spatial Data Writer output results files are not really meant for “manual” review (e.g. via
Notepad or a similar simple text editor). The choice of the Grid ASCII format was for ease of
use with GIS systems, and so that they could be readily “fed back” into the VELMA Simulator
as subsequent initialization input. However, there’s nothing wrong with opening a results file in
a text editor or spreadsheet for a quick sanity check.]

To reduce the Dimensions of the Results Grid File, click the All Parameters tab’s configuration
outline dropdown selector and select “23.4 Spatial Data Writer Items Output Map Size”.

File Edit

Run Parameters | All Parameters rChart rConsoIe |

Clear Filters ||spatia13ataﬁriter |v| ~trim " | | Replace Values |

23.4 Spatial Data Writer Items Qutput Map Size |v|

spatialDataWriter DENITRIFICATICN trimfutputToWatershedBoundary false
L T T T 1

Spatial Data Writer Output is a Grid ASCII File

The VELMA simulator creates 1 .asc file each time a given Spatial Data Writer is triggered
(based on its active Loops, Years and Jdays parameter settings).

Spatial Data Writer output files are written to the Results Data Location folder. Their filenames
always begin with the prefix “Spatial_" and include the name of the spatial data source and layer
number of the data they contain. The dimensions of the Grid ASCII file match those of the
simulation configuration’s DEM .asc file, unless the trimoutputToWatershedBoundary parameter
was set “true”; in that case, the dimensions of the Spatial Data Writer output file are those of the
bounding box of the simulation run’s delineated watershed.

Each data value in the output .asc file contains the value for the specified data source for a
particular cell, on the particular loop, year and Julian day during the simulation run that the
output file was written.

Spatial Data Writers and Spatial Data Writers are Different, but Complementary

A Spatial Data Writer reports a specific result for all the cells in the simulation watershed on
user-specified days. A Spatial Data Writer reports all the results data available for a specific cell
on user-specified days. Both are optional for simulation runs.

Table of Spatial Data Sources
This table lists the available spatial data source name and their layer requirements.

SpatialDataSource Keyword means:
The spatial data source keyword names that are valid values for the
initializeSpatialDataSources parameter value of a Spatial Data Writer’s parameterization.

“Type” means:
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Accessor = Spatial Data that is not directly stored in a spatial data pool object.
Direct = Spatial Data that is directly stored in a spatial data pool object.

Buffered = Spatial Data directly stored in a spatial data pool object, but only when a
Spatial Data Writer requires it.

(In practice, you can ignore what type a spatial data source is when you are configuring a Spatial
Data Writer.)

“Can Sum Column?” means:

N/A = Not applicable

No = The data cannot be summed: if MultiLayer is “YES” for this type of data, then a
layer must be explicitly provided in the initializeSpatialDataSources parameter value.
Optional = If MultiLayer is “YES” for this type of data and no explicit layer number is
indicated in the initializeSpatialDataSources parameter value, the value reported will be
the sum of all layer values at a given cell’s location.

Always = The spatial data type is MultiLayer, but only summed data is available; no
explicit layer value is allowed in the initializeSpatialDataSources parameter value.

Type SpatialDataSource Keyword MultiLayer? :::ta)ruf'::;
Accessor AirTemperature N/A
Accessor CellWriter N/A
Accessor CoverAge N/A
Accessor CoverId N/A
Accessor DenitrificationLayer YES No
Accessor FlowAccumulation No
Accessor No3DenitrificationFactorlLayer YES No
Accessor QetlLayer YES No
Accessor Rain N/A
Accessor Snow N/A
Accessor Soilld N/A
Accessor SurfaceElevation N/A
Accessor TotalBiomassCarbon Always
Accessor TotalBiomassNitrogen Always
Accessor TotalDetritusCarbon Always
Accessor TotalDetritusNitrogen Always
Accessor TotalHumusCarbon Always
Accessor TotalVolumetricSoilMoisture Always
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Accessor VolumetricSoilMoisturelLayer YES No

ACCUMULATED_DEGREE_DAY N/A
ACCUMULATED_N_IN N/A
ASYMBIOTIC_NITROGEN_FIXED N/A
BIOMASS AG_STEM_N N/A
BIOMASS APEX_TOTAL_STEM N N/A
BIOMASS_BG_STEM_N N/A
BIOMASS DELTA_AG_STEM_N N/A
BIOMASS DELTA_BG_STEM_N N/A
BIOMASS DELTA_LEAF_N N/A
BIOMASS DELTA_ROOT_N YES Optional
BIOMASS HARVESTED_TO OFFSITE_C N/A
BIOMASS_LEAF_N N/A
BIOMASS_ROOT_N YES Optional
c02 YES Optional
DENITRIFICATION YES Optional
DENITRIFICATION_CO2_SCALAR YES Optional
DENITRIFICATION_NO3_SCALAR YES Optional
DENITRIFICATION_WATER_SCALAR YES Optional
DETRITUS_AG_STEM_N N/A
DETRITUS_BG_STEM_N YES Optional
DETRITUS_BURNED_C N/A
DETRITUS_LEAF_N N/A
DETRITUS_ROOT_N YES Optional
DOC YES Optional
DON YES Optional
GROUND_SURFACE_TEMPERATURE N/A
GROUND_TEMPERATURE_LAYERS YES Optional
HUMUS YES Optional
LATERAL_INFLOW YES Optional
LATERAL_OUTFLOW YES Optional
NH4 YES Optional
NITRIFICATION YES Optional
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NO3 YES Optional
NPP_C N/A
NPP_N N/A
STANDING_WATER N/A
SURFACE_LATERAL_OUTFLOW N/A
SYMBIOTIC_NITROGEN_FIXED_ HUMUS N/A
SYMBIOTIC_NITROGEN_FIXED_ PLANT N/A
UPTAKE_N YES Optional
WATER_STORED YES Optional
Buffered DOC_LATERAL_IN YES Optional
Buffered DOC_LATERAL_OUT YES Optional
Buffered DOC_LOSS YES Optional
Buffered DON_LATERAL_IN YES Optional
Buffered DON_LATERAL_OUT YES Optional
Buffered DON_LOSS YES Optional
Buffered FERTILIZATION_HUMUS_N_ADDED N/A
Buffered FERTILIZATION_NH4_ ADDED N/A
Buffered FERTILIZATION_NO3_ ADDED N/A
Buffered NH4_LATERAL_IN YES Optional
Buffered NH4_LATERAL_OUT YES Optional
Buffered NH4 _LOSS YES Optional
Buffered NO3_ LATERAL_IN YES Optional
Buffered NO3_LATERAL_OUT YES Optional
Buffered NO3_LOSS YES Optional

24.0 — Disturbance Iltems

Understanding how disturbances such as harvest, fire and fertilization affect ecosystem services
has been a major motivation in the development of VELMA. For example, how do disturbances
such as forest harvest or the application of agronomic fertilizers affect hydrological and
biogeochemical processes controlling water quality and quantity, carbon sequestration,
production of greenhouse gases, etc.? Abdelnour et al. (2011, 2013) have already demonstrated
the use of VELMA v1.0 to simulate the effects of forest clearcutting on ecohydrological
processes that regulate a variety of ecosystem services.

(link to All Parameters TOC)
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With the addition of a tissue-specific plant biomass (LSR) simulator and an enhanced GUI,
VELMA v2.0 significantly expands the detail, flexibility, and ease of use for simulating
disturbance effects. Currently available disturbance models include:

— BurnDisturbanceModel = effects of fire

— GrazeDisturbanceModel —> effects of grazing

— FertilizelLsrDisturbanceModel —> effects of fertilizer applications
— HarvestLsrDisturbanceModel —> effects of biomass harvest

Each of these disturbance models specifies where and when a disturbance event will occur. The
Burn, Graze and Harvest models have options for specifying how much of each plant tissue and
detritus pool (leaves, stems, roots) will be removed and where it goes (offsite and/or to a
specified onsite C and N pools). The Fertilize model has options for applying nitrogen as
ammonium, nitrate, urea and/or manure.

Requirements for implementing a disturbance model include (1) a grid ASCII map of your
watershed and associated parameter specifications that determine where and when a disturbance
will occur, and (2) parameter specifications that determine which plant biomass and detritus
pools will be affected, and the fraction of each pool burned, grazed or harvested and its
destination. Portions of harvested aboveground stem biomass can be exported offsite or
transferred to the aboveground stem detritus pool.

Sections 24.1 — 24.3 describe how to select a disturbance model type and specify parameter
values to simulate where, when and how disturbances occur. You can set up as many
disturbance types and events as you may require.

However, we first want to step through an example on the next four pages that illustrate how
VELMA'’s new disturbance models work. We’ve chosen the Harvest disturbance model for this
example because it illustrates key concepts shared by most of the other disturbance models,
particularly with regard to how disturbances can be keyed to the LSR (Leaves-Stems-Root) plant
biomass model. We recommend that you look over the details of this example before proceeding
to sections 24.1 — 24.3.
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LEAF, STEM and ROOT Biomass Pool Arrangement

~ LEAF BIOMASS

Above Ground —

— AG STEM BIOMASS

— BG STEM BIOMASS

Below Ground —

— ROOT BIOMASS (Layered)

104



Harvest LSR Disturbance Transfer Diagram

The Harvest LSR Disturbance has 2 sets of fraction
parameters: harvest, and offsite. There is one harvest
and one offsite parameter for each pool, for a total of 8
individual parameters. Each parameter’s value must be
in the range [0.0, 1.0].

Harvest Amount
Removed Offsite

The harvestFraction parameters determine
how much of each biomass pool is removed
from that biomass pool.

The offsiteFraction parameters determine how
much of each harvested amount is removed off
site, and how much is transferred to Detritus.

Leaf Biomass biomassleafNharvestEraction . biomassleafNoffsiteFraction Leaf Detritus
Harvested
AG Stem Biomass biomassAgste NharvestFraction AG Stem biomassAgStemNoffsiteFmction AG Stem Detritus
Harvested
/:|= Layer 1 BG Stem Detritus
. BG Stem g:; E Layer 2 BG Stemn Detritus
BG Stem Biomass biomassBgStemMharvestFraction Harvested biomassBeStemMNoffsiteFraction %%ﬁ Layer 3 BG Stem Detritus
o Layer 4 BG Stem Detritus
Layer 1 Root Biomass
Layer 2 Root Biomass Root
Layer 3 Root Biomass biomassRootharvestFraction Harvested biomassRootNoffsiteFraction
Layer 4 Root Biomass




When and Where a Harvest LSR Disturbance Occurs: An Example

Harvest LSR Disturbances occur for each loop, year and Julian day the user specifies

inthe initializeActiveloops, initializeActiveYears and initializeActiveldays parameters’ values.
The user may specify one or more loops, years and Julian days, or ranges of the same.

At least one loop, year and Julian day must be specified.

Here is an example specification for the temporal scheduling parameters:

initializeActiveloops = 1, 3 ( harvest will occurin loops 1 and 3 )
initializeActiveYears =1969-1980, 1985 ( harvest occursin years 1969 through 1980, and in 1985 )
initializeActiveldays = 200 ( harvest occurs on the 200™" Julian day )
The disturbance only occurs for the cover types the user specifies coverSpeciesindexFileMapName
. s g . , . = examplCoverlDFile.asc
in the initializeCoverIds parameter’svalues; multiple cover Id numbers may be
specified, but not ranges of numbers. ncols &
The disturbance uses the specified cover Ids, plus the data in the cover id map specified nrows 5
by the coverSpeciesIndexFileMapName parameter to determine which cells xllcorner ©.0000
should be harvested. yllcorner 0.0000
cellsize 10.0
Here is an example specification for the spatial/cover parameters: 1 1 1 3 3
initializeCoverIds = 3, 4 2 1 1 3 3
coverSpeciesIndexFileMapName = exampleCoverIDFile.asc 2 2 2 2 1
4 4 2 1 1
With the above parameterization, and the exampleCoverlDFile.asc contents at right, a 4 1 2 2

harvest will occur in the cells highlighted in green. J—

The disturbance occurs only for the specified cover types at or above a specified age.

The user specifies this “lowest age limit” in the ageThreshold parameter value. The value must be an positive
integer, or zero — zero specifies any age is acceptable.

Here is an example specification for the age limit parameter:
ageThreshold = 135 ( harvest will occur only for cells whose cover is 135 or more years old. )
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Filtering: Additional Control For Where a Harvest LSR Disturbance Occurs

Harvest LSR Disturbances may (optionally) be limited to specific areas by specifying a Filter Map

In order to use filtering, the user must have define a Filter Map: a Grid Ascii map with ID numbers for cell data values.
The user specifies this map’s name as the filterMapFullName parameter value.
(Leaving the filterMapFullName unspecified indicates “No Filtering” to the Harvest LSR Disturbance.)

When a filter file is specified the disturbance only occurs for the filter Ids cells the user specifies

in the initializeFilterIds parameter’s values; mulktiple filter Id values may be specified, but not number ranges.
The disturbance uses the specified filter Ids, plus the data in the filter map specified by the filterMapFullName
parameter to determine which cells are eligible for harvested.

Here is an example specification for the spatial/cover parameters:

initializeFilterIds = 1, 2
filterMapFullName

exampleFilterIDFile.asc

Note: these example filter Id values, and the values in the exampleFilter!DFile have no relation to the cover Ids.
Using this filtering scheme and the cover ID example from the previous slide, the selection logic is

(1) Find the subset of cells in the filter map that match the filter ids specified by initializeFilterlds.

(2) Consider other spatial-selection (e.g. cover Ids) based only on that subset of cells.

The Map files to the right show the example:
(1) Cells eligible for consideration based on the
filter map and specified filter Ids are
highlighted in green.

(2) That subset of cells is then examined via the
cover ld map and specified cover Ids

Cells eligible for harvest based on filtering,
followed by cover id selection are further
highlighted in blue.

Note: Other criteria (i.e. age) might also apply
after filtering to the filtered subset of cells.
Note: Remember! |d numbersin the filter map
are not related to Id numbersin the cover map.
(i.e. filter id 2 is not equal to coverid 2)

filterMapFullName

= examplFilterIDFile.asc
R |

ncols 5

nrows 5
xllcorner 9.0000
yllcorner ©.0000
cellsize 10.0

G @ @ ©

=D @ 2

>
®R N
© RN
© RN
20O

J—
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coverSpeciesindexFileMapName

= examplCoverlDFile.asc
R |

ncols &

nrows 5
xllcorner 0.0000
yllcorner ©.0000
cellsize 10.0
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24.1 — Disturbance Items by Model Type

To begin, you need to select the disturbance model you want by clicking
Edit - Disturbances - Add a Disturbance:

( Rul

Cl

—_—

File || Edit )
Create a New, Empty Configuration art | Console
Cell Data Writer b |w |CoverForeat 1 ~u3
Cover Species ko

= L .(.E -
? Add a Disturbance

Soil Parameterization ¥ Duplicate an Existing Disturbance
Spatial Data Writer ¥ Change Disturbance Key Name

Set Weather Model

Remove a Disturbance

Remove Unused Parameters

Import Parameters from Xmil

You will see the following drop-down menu for selecting a Disturbance Model. To further
demonstrate the harvest disturbance example illustrated under section 24.0, we select the
HarvestLsrDisturbanceModel:

S HarvestLsrDisturbanceModel
HistoricalBurnLsrDisturbanceModel ]

Modify SpatialDataByValueDisturbanceModel
SetAllSpatialDatalayersByMapDisturbanceModel | =

’
&l Specify Disturbance Model Type and Mame ﬁ
"_? Disturbance Type |HarvestLsrDisturbanceModel -
Disturbance Hame |BurnDisturbanceModel =l
BurnLsrDisturbanceModel
FertilizeLsrDisturbanceModel 1
GrazeDisturbanceModel T

Now choose a name for your HarvestLsrDisturbanceModel and type it the “Disturbance Name”
dialog box, for example, “ForestClearcut”:

b

| £: Specify Disturbance Model Type and Mame

S

T

Disturbance Type |HarvestLsrDisturbanceModel -

Disturbance Name |Fore stCIearcuﬂ

OK

Cancel

After selecting the HarvestLsrDisturbanceModel and giving it a disturbance name, go to the All
Parameters drop-down menu and select “24.1 Disturbance Items by Model Type”. You should
see the following:
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File Edit

Run Parameters | All Parameters rChart rConsole |

Clear Filters disturkance - |mndelC1ass | Replace Values
R
disturbance ForestClearcut modelClass HarvestLarDisturbanceModel

Select ““24.0 — Disturbance Items” from the All Parameters drop-down menu to see a list of all
parameters associated with the HarvestLsrDisturbanceModel. In the screenshot below, we have
specified parameter values for the HarvestLsrDisturbanceModel disturbance we named
“ForestClearcut™:

File Edit

Run Parameters |  All Parameters | Chart | Console

Clear Filters | |disturba.nce | - | " || | | Replace Values |
24.0 Disturbance Items |v|
T T T
lil—l—li
disturbance ForestClearcut ageThreshold Il
disturbance ForestClearcut biomasshgStemNharvestFraction 0.98
disturbance ForestClearcut biomassAgStemloffsiteFraction 0.85
disturbance ForestClearcut biomassBgStemNharvestFraction 0.98
disturbance ForestClearcut biomassBgStemloffsiteFraction 0.0
disturbance ForestClearcut biomassLeafNharvestFraction 0.98
disturbance ForestClearcut biomassLeafNoffsiteFraction 0.05
disturbance ForestClearcut biomassRootWharvestFraction 0.98
disturbance ForestClearcut biomassRootNoffsiteFraction 0.0
disturbance ForestClearcut filterMapFullName
disturbance ForestClearcut initializeRctiveddays 182
disturbance ForestClearcut initializelActiveloops 1
disturbance ForestClearcut initializeActiveYears 1975
disturbance ForestClearcut initializelgeModification 1
disturbance ForestClearcut initializeCoverIds 1
disturbance ForestClearcut initializeFilterIds T
disturbance ForestClearcut modelClass HarvestLarDisturbanceModel

Parameter Definitions

ageThreshold

biomassAgStemNharvestFraction

Applicable cover must be greater or equal to the
specified ageThreshold (in integer years) to be
harvested. Defaults to 0 -- i.e., any otherwise-
applicable cell is harvested regardless of age.

The fraction [0.0 1.0] of available above-ground
stem biomass harvested i.e. converted from biomass
above-ground stem to above-ground stem detritus
and/or removed from the simulation.
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biomassAgStemNoffsiteFraction

biomassBgStemNharvestFraction

biomassBgStemNoffsiteFraction

biomassLeafNharvestFraction

biomassLeafNoffsiteFraction

biomassRootNharvestFraction

biomassRootNoffsiteFraction

filterMapFullName

initializeActiveldays

initializeActiveloops

initializeActiveYears

110

The fraction [0.0 1.0] of harvested above-ground
stem biomass removed offsite, i.e., removed from the
cell and the simulation.

The fraction [0.0 1.0] of available below-ground
biomass harvested i.e. converted from biomass
below-ground to below-ground detritus and/or
removed from the simulation.

The fraction [0.0 1.0] of harvested below-ground
stem biomass removed offsite. i.e. removed from the
cell and the simulation.

The fraction [0.0 1.0] of available leaf biomass
harvested i.e. converted from biomass leaf to leaf
detritus and/or removed from the simulation.

The fraction [0.0 1.0] of harvested leaf biomass
removed offsite. i.e. removed from the cell and the
simulation.

The fraction [0.0 1.0] of available root biomass
harvested i.e. converted from biomass root to root
detritus and/or removed from the simulation.

The fraction [0.0 1.0] of harvested root biomass
removed offsite. i.e. removed from the cell and the
simulation.

The fully-qualified (path/name.ext) name of a Grid
ASCII (.asc) file containing (integer) filter 1ds. When
left unspecified (default) indicates that filtering will
be turned off. Note: if the value for this parameter is
not a fully-qualified name the simulator engine will
prefix the specified input data location root and name
to this parameter’s value to create a default fully-
qualified name.

The comma-separated list of Julian days on which the
disturbance occurs. Entries in the list may be either
single Julian days or start-end (dash-separated)
ranges. A valid Julian day is any positive whole
number between 1 and 366 (however day 366 is
ignored in non-leap years). For example this text
triggers output on days 1 365 and between 30 and 90
inclusive: 1 30-90 365

The comma-separated list of loop index numbers
(range [1 nth-Loop]) in which the disturbance
occurs. Entries in the list may be either single loop
numbers or start-end (dash-separated) ranges. A valid
loop index number is any positive whole number
between 1 and the number of loops specified for the
simulation run. For example in a simulation run for
10 loops this text triggers output in loops 1 3
through 5 and 10 inclusive: 1 3-5 10

The comma-separated list of Years in which the
disturbance occurs. Entries in the list may be either



single years or start-end (dash-separated) ranges. A
valid year is any positive whole number (but the user
is expected to choose years within the simulation
run!). For example in a simulation run between 1995
and 2010, this text triggers output in 2000 through
2005 inclusive: 2000-2005

(Optional) Specifies the number of years to subtract
or add to the age of the cover in affected cells when
the disturbance occurs. To add n years to a cell's
cover age prefix a plus (+) sign to the number n. To
subtract n years to a cell's cover age prefix a minus (-
) sign to the number n. To set the cell's cover age to a
specific number of years specify a number n
without any sign prefix. Subtraction halts at zero (e.g.
a cover age of 7 given -10 as the modifier will result
in 0 not -3 as the modified age).

initializeAgeModification

The Cover Species Id numbers that are affected by
this disturbance model. Specify a comma-separated
sequence of Cover Species uniqueld numbers.

initializeCoverlIds

modelClass The disturbance model's actual Java class name

Select “24.2 — Disturbance ltems Core Scheduling” to focus the All Parameters table on the
parameters for specifying when disturbance events occur:

File Edit

Run Parameters | All Parameters |/Cllarl rConsoIe
~initialized) | {"c:c;c.urs;"

Clear Filters | |disturbance |v| |

| | Replace Values |

24.2 Disturbance Items Core Scheduling |v|

e T e T L

lil—l—li

disturbance ForestClearcut initializekctiveddays

disturbance ForestClearcut initializeActiveloops 1
disturbance ForestClearcut initializeActiveYears 1975
disturbance ForestClearcut initializeAgeModification 1

Parameter Definitions: these parameters are defined under the All Parameters screenshot for

Select “24.0 — Disturbance Items”, above.

Select ““24.3 -- Disturbance ltems Spatial Specifiers” to focus the All Parameters table on the
parameters for specifying where disturbance events occur:

File Edit

Run Parameters |* All Parameters | Chart | Console

Clear Filters | |:‘listurbanc‘.e

|v|

||-initialize[CF] )1 {~Eilt) ||

| | Replace Values |

24.3 Disturbance Items Spatial Specifiers

|v|

e T L

e wem- Pamames  vawe

disturbance ForestClearcut filterMapFullName
disturbance ForestClearcut initializeCoverIds 1
disturbance ForeatClearcut initializeFilterIds

Parameter Definitions: these parameters are defined under the All Parameters screenshot for

Select “24.0 — Disturbance Items”, above.
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Calibration Notes

Make sure that the disturbance models you have set up are working correctly. Are disturbance
events occurring when and where you want them to, are the correct amounts of biomass being
harvested/burned/grazed, and are the correct amounts and forms of fertilizer being applied. For a
first check, click VELMA’s GUI “Chart” tab at any time during a simulation, then click the
drop-down menu button located near the lower left corner of the screen, then select an
appropriate spatial data display option (see section “25.0 — Runtime Chart Display Scale” for
details™).

For example, by selecting the “Harvest Spatial Data” menu item you can see daily and year-to-
date summaries of harvest events and their effects on various biomass tools. The two figures
below show year-end summaries of harvest events for consecutive years, 2000 and 2001. In
2000 there were no harvests (top figure: top row, middle frame). In 2001 there were several
fairly large harvest events (bottom figure: top row, middle frame). A comparison of the other
frames in top and bottom figures reveals changes in plant biomass, detritus, soil organic matter,
and cover age following harvest events.

An examination of VELMA’s daily and annual output files (csv format) provides a more
quantitative check of disturbance events.
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Screenshot of runtime “Harvest Spatial Data” display.

Year 1 of Forest Harvest simulation — December 31, 2000

Plant Biomass (gC/m?) Harvested Biomass (gC/m?) Cover Type (management unit
dominant species)

Elev 423 m

15000 30000 45000 60000 15000 30000 45000 60000 |1

Detritus (gC/m?) Soil organic matter (gC/m?) Cover age (management unit
average years)

15000 30000 45000 60000 5000 10000 15000 20000 0

Plant Biomass (gC/m?2) Cover Type (management unit
dominant species)
Elev 158

Elev 423 m

15000 30000 45000 60000 15000 30000 45000 60000 | 1

Detritus (gC/m?) Soil organic matter (gC/m?) Cover age (management unit
average years)

15000 30000 45000 60000 5000 10000 15000 20000) O

113



25.0 — Runtime Chart Display Scale (link to All Parameters TOC)

VELMA has powerful visualization capabilities built into it, hence the model’s name —
Visualizing Ecosystem Land Management Assessments. To see a list of visualization options,
select the VELMA GUI “Chart” tab at any time during a simulation, then click the drop-down

menu button (L) located near the lower left corner of the screen, and select a display option.
Each option dynamically displays daily changes in one or more output variables. The screenshot
below shows the lower half of possible visualization options:

DON Pool Spatial Jul
DOC Pool Spatial Soil Carbon
Soil Moisture Spatial
Temperature Data
Evapotranspiration
Standing Water

Calibration Hydrology
Calibration Daily Hutrients
Calibration Annual Nutrients
Daily Nitrogen Fixation
Time Series

Leaf Stem Root Daily Data May Jun Jul Aug

Leaf Stem Root Layer Details Daily Data
Annual Plot DON, NH4, NO3, DIN and DOC Loss

Burn Spatial Data

Harvest Spatial Data
Denitrification Daily-Spatial 1
Denitrification Daily-Spatial 2
Denitrification Daily-Spatial 3
Denitrification Daily-Spatial 4
Denitrification Daily-Linear

C0O2 Pool Spatial

Corn Denitrification Daily-Linear
Forest Denitrification Daily-Linear -

Time Series || " Snapshot Capture Images Daily

b

For example, the “Soil Moisture Spatial” visualization displays runtime daily changes in spatial
patterns of soil moisture (% saturation) for four soil layers for a 20-ha watershed on the day
currently being simulated. A screenshot for a particular day is shown below. The lower third of
display is a running graphical summary of daily changes in soil moisture per soil layer from
January 1 up to the date currently simulated. A new view is generated at the beginning of each
calendar year). A variety of hardwired display formats are used for different output variables.
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File
Run Parameters All Parameters Chart Console

Layer 1 Soil Saturation

Layer 3 Soil Saturation (%V/V)

0.5000 0.7500

Average Volumetric Soil Moisture
— Layer1 —Layer2 — Layer3 Layer 4

O VR DN \*“"\

Soil Moisture Spatial . Snapshot Capture Images Daily Simulator RUNNING 2000-11-28[112]

You can save daily screenshots as .png files by clicking the “Snapshot” button (located near the
middle of the menu bar at the bottom of the screenshot, above). You can also save a series of
daily images by clicking the “Capture Images Daily” checkbox. After a simulation is completed,
third-party software can be used to stitch together a time series of saved .png screenshots to
make a time-lapse movie. However, note that saving daily .png images for long simulations can
fill large amounts of disk space.

You can use the VELMA GUI’s All Parameters tab to review and change the settings for display
parameters controlling minimum (min) and maximum (max) values for the y-axis and range
color bar. To locate all display parameters, select the “25.0 Runtime Chart Display Scale” item
from the All Parameters drop-down menu button:
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| £ VELMA : Chesapeake_Bob_2014-7-21_Xml/BOB2_W5109_10m_MultiCover_CornHarvFert_Wedge_1944-2003_7-13-14a.xml EI@
File Edit
Run Parameters | All Parameters r Chart rConsoIe
Clear Filters | calibration |v| ||"I[.[E.l] [nx].*Disp H | ‘ ReplaceVaIuesJ
ey Runtime Chart Display Eicm [| - |
e T T e e e T P e e e e
Group ltem - Value |
calibration VelmaCalibration.properties maxiirTDayDisplay 40.0 =
calibration VelmaCalibration.properties maxBirTSpatialDisplay 30.0 “
ralihratinn Velmatalihratinn. nronerties maxAi rT¥earT anlay an.n

Different runtime display charts use different subsets of the display parameters. Unfortunately,
nothing listed under “All Parameters 25.0 Runtime Chart Display Scale” indicates which display
parameters belong to a particular runtime display chart. Therefore, we have constructed the table
below so that users can associate runtime display chart names with the display parameters used
by that chart.

For example, if you want to adjust VELMA'’s “Annual Plot” display for soil humus, you would
find “Annual Plot” under the “Display Selector Name” column in the table below, copy
“maxHumusDayDisplay” and paste it in the “Parameter” search window in the VELMA GUI’s All
Parameters view. Hit your keyboard’s “Enter” key and you should see “maxHumusDayDisplay”
under “Parameter column. Specify the value you want. Repeat for the process for the
“minHumusDayDisplay” parameter. [Note: you cannot change the display parameterizations
during a simulation run. Currently, the VELMA GUI does not allow runtime display scales to
change dynamically during simulation runs. Prior to starting a simulation, you must set the
display parameters for any chart you will use during a simulation.]

Display Selector Name MIN Display Setting MAX Display Setting

maxDenitrificationDaySpatialDis

( always zero )
e L play

<cover> + Denitrification

Daily-Linear ( always zero ) maxNo3DenitDaySpatialDisplay
( always zero ) maxCo2DenitDaySpatialDisplay
( always zero ) maxDonLossYearFinalDisplay
( always zero ) maxDocLossYearFinalDisplay
( always zero ) maxNppYearSumDisplay

Annual Plot minBiomassYearFinalDisplay maxBiomassYearFinalDisplay
minHumusDayDisplay maxHumusDayDisplay
minLitterDayDisplay maxLitterDayDisplay
minNepYearSumDisplay maxNepYearSumDisplay

minBiomassAgStemDayDisplay maxBiomassAgStemDayDisplay

minBiomassLeafDayDisplay maxBiomassLeafDayDisplay

minDetritusAgStemDayDisplay maxDetritusAgStemDayDisplay
Burn Spatial Data

minDetritusLeafDayDisplay maxDetritusLeafDayDisplay

minHumusDayDisplay

minLitterDayDisplay

maxHumusDayDisplay

maxLitterDayDisplay
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Calibration Annual
Nutrients

( always zero )
( always zero )

( always zero )

minDocLossYearSumDisplay

maxNh4LossYearSumDisplay
maxNo3LossYearSumDisplay
maxDonLossYearSumDisplay

maxDocLossYearSumDisplay

Calibration Daily Nutrients

always zero )
always zero
always zero

always zero

maxNh4LossDayDisplay
maxNo3LossDayDisplay
maxDonLossDayDisplay

maxDocLossDayDisplay

Calibration Hydrology

always zero

always zero

~ [~ ~ ~

always zero

(
(
(
(
(
(
(
(

always zero )

minHydroYearSumDisplay

maxRainDayDisplay
maxRunoffDayDisplay
maxSubRunoffDayDisplay
maxEtDayDisplay

maxHydroYearSumDisplay

CO2 Pool Spatial ( always zero ) maxCo2DaySpatialDisplay
( always zero ) maxNinDayDisplay
( always zero ) maxPlantUptakeSpatialDisplay
( always zero ) maxSymbioticNfixedDayDisplay
( always zero ) maxAsymbioticNfixedDayDisplay
Daily Nitrogen Fixation ( always zero ) maxDonLossDayDisplay
( always zero ) maxTotalNLossDayDisplay
( always zero ) szNltr1f1catlonDaySpatlalDlspl
maxDenitrificationDaySpatialDis
( always zero )
play
( always zero ) maxDonLossDayDisplay
( always zero ) maxDocLossDayDisplay
Default Layer 1 -4
( always zero ) maxRainDayDisplay
( always zero ) maxRunoffDayDisplay
Denitrification Daily-Spatial | ( always zero ) 2i§5en1tr1f1cat10nDaySpat1a1D15
maxDenitrificationDaySpatialDis
( always zero ) la
Denitrification Daily-Spatial p=ay
1-4 ( always zero ) maxNo3DenitDaySpatialDisplay
( always zero ) maxCo2DaySpatialDisplay
DOC Pool Spatial ( always zero ) maxDocSpatialDisplay
DON Pool Spatial ( always zero ) maxDonSpatialDisplay
Evapotranspiration ( always zero ) maxEtDayDisplay

Harvest Spatial Data

minBiomassDayDisplay

minHumusDayDisplay
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maxBiomassDayDisplay

maxHumusDayDisplay




minLitterDayDisplay

maxLitterDayDisplay

Leaf Stem Root Daily Data

minBiomassAgStemDayDisplay
minBiomassBgStemDayDisplay
minBiomassLeafDayDisplay
minBiomassRootDayDisplay
minDetritusAgStemDayDisplay
minDetritusBgStemDayDisplay
minDetritusLeafDayDisplay
minDetritusRootDayDisplay

maxBiomassAgStemDayDisplay
maxBiomassBgStemDayDisplay
maxBiomassLeafDayDisplay
maxBiomassRootDayDisplay
maxDetritusAgStemDayDisplay
maxDetritusBgStemDayDisplay
maxDetritusLeafDayDisplay
maxDetritusRootDayDisplay

Leaf Stem Root Layer
Details Daily Data

minBiomassRootLayersDayDisplay

minDetritusBgStemLayersDayDisplay

minDetritusRootLayersDayDisplay

minHumusLayersDayDisplay

maxBiomassRootLayersDayDisplay

maxDetritusBgStemLayersDayDispl
ay
maxDetritusRootLayersDayDisplay

maxHumusLayersDayDisplay

LSR Summary Spatial

( always zero )

minBiomassDayDisplay

maxNppDayDisplay

maxBiomassDayDisplay

minHumusDayDisplay maxHumusDayDisplay
minLitterDayDisplay maxLitterDayDisplay
NH4 Pool Spatial always zero ) maxNh4SpatialDisplay

Nitrification Daily-Spatial

always zero )

maxNitrificationDaySpatialDispl
ay

Nitrogen Fixation Daily-
Spatial

always zero )

maxSymbioticNfixedDayDisplay
maxAsymbioticNfixedDayDisplay

NO3 Pool Spatial

(
(
( always zero )
(
(

always zero )

maxNo3SpatialDisplay

Plant Uptake Spatial

minPlantUptakeSpatialDisplay

maxPlantUptakeSpatialDisplay

Productivity Spatial

( always zero )
( always zero )
( always zero )

minBiomassDayDisplay

maxNppDayDisplay
maxNh4SpatialDisplay
maxNo3SpatialDisplay

maxBiomassDayDisplay

Snow Dynamics Spatial

( always zero )
( always zero )
( always zero )
( always zero )

minAirTSpatialDisplay

maxRainSpatialDisplay
maxSnowSpatialDisplay
maxSnowDepthSpatialDisplay
maxSnowMeltSpatialDisplay
maxAirTSpatialDisplay

Standing Water

( always zero )
( always zero )

( always zero )

maxRainDayDisplay
maxRunoffDayDisplay
maxStandingWaterDayDisplay

Temperature Data

minAirTDayDisplay

maxAirTDayDisplay
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Time Series

( always zero )
( always zero )
( always zero )
( always zero )
minAirTDayDisplay

minBiomassDayDisplay

maxDonLossDayDisplay
maxDocLossDayDisplay
maxRainDayDisplay
maxRunoffDayDisplay
maxAirTDayDisplay

maxBiomassDayDisplay

minHumusDayDisplay maxHumusDayDisplay
minLitterDayDisplay maxLitterDayDisplay
VSA Spatial and Hydro ( always zero ) maxRainDayDisplay
Linear ( always zero ) maxRunoffDayDisplay
always zero ) maxRainDayDisplay

Weather Summary Spatial

(
( always zero )
( always zero )
( always zero )
minAirTDayDisplay

minAirTSpatialDisplay

maxRainSpatialDisplay

maxSnowSpatialDisplay

maxSnowMeltSpatialDisplay

maxAirTDayDisplay
maxAirTSpatialDisplay
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APPENDICES

VELMA Version 2.0




Appendix 1:
Overview of VELMA'’s Leaf-Stem-Root (LSR)
Plant Biomass Submodel

(Link to All Parameters Table of Contents)

In VELMA version 1.0, plant biomass in each cell was simulated in aggregate. That is, leaves, stems
and roots were lumped together in a single biomass pool (Abdelnour et al. 2011). This lumped approach
greatly simplified the structure and application of the model. Although version 1.0 successfully
simulates important aspects of catchment hydrology and biogeochemistry (e.g., Abdelnour et al. 2011,
2013), it does not simulate effects associated with phenological changes and disturbances and that
disproportionately affect specific plant tissues, for example, leaf growth and senescence, defoliation
events, selective removal of high or low C/N tissues via harvest, grazing, fire, etc.

To address such effects, version 2.0 simulates four plant biomass pools: leaves, aboveground stems,
belowground stems, and fine roots. Main features of this leaf-stem-root (LSR) submodel include:

e Live plant biomass pools for four tissue types (also see Figure 1 and explanation preceding
“All Parameters Section 5.0” of the User Manual)

0 Leaves (annual or perennial grasses, deciduous or coniferous trees, etc.)
0 Aboveground stems (trees, grasses, etc.)
0 belowground stems (<2 mm diameter, not involved in water and nutrient uptake)
o fine roots (<2 mm diameter, involved in water and nutrient uptake)
e Dead (detritus) plant biomass pools for each of the four plant tissue types

e A user-specified C/N ratio for each plant tissue type. In version 2.0, a tissue’s C/N ratio is
applied to both the live and dead biomass pools. Simulation of separate live and dead C/N
ratios will be addressed in future versions

e A new plant tissue mortality submodel simulates the loss of live biomass to detritus (see
Appendix 1, Figures Al.1 - Al.4)

e A new decomposition model based on Potter et al. (1993) simulates the decomposition of
detritus to CO. and humus (Appendix 1, Figures A1.5 — A1.8)

e A specified fraction of total plant nitrogen uptake is allocated to each plant tissue type, such
that the fractions for all tissues = 1.0 (see Appendix 1, Figures A1.1 — Al.4)

Figures A1.1 — A1.11, below, graphically summarize the LSR submodel structure and model equations.
These figures portray the pools (boxes) and fluxes (arrows) of nitrogen and/or carbon from live to dead
biomass and from dead biomass to the humus pool and atmosphere. Pools and fluxes involving
VELMA'’s four soil layers are also shown. In each successive figure, a red encircling line delineates a
subset of the LSR system for which text is provided to describe associated model parameters and
equations that govern simulated C and N pools and fluxes. Note that parameter names in the VELMA
version 2.0 program Java code and GUI do not necessarily conform to Figures A1.1 — A1.11 parameter
names, which were modified using more rigorous naming rules during the VELMA programming
process.
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Figure Al.1

MppTotalM = calculated as before using Michaelis-Menten equation

MppToBiomassLeafN = NppTotalM * (NppTotalNFractionToBiomassLeafN,
BiomassLeafN = BiomassLeafN + NppToBiomassLeafN — MortalityLeafNto
where BiomassLeafN vs time must reflect successional accumulation

BiomassLeafC pools & fluxes in g€C/m?

BiomassLeafC = BiomassLeafM * BiomassLeafCtoM

0-1)

MortalityLeafMtoDetritusLeafM = BiomassLeafN * (MortalityLeafNFraction, 0-1)

DetritusLeafM

T
BiomassTotalN i DetritusTotalN _ )
Ciahimpmrremrite r——— CtoM calculated DetritusLeai Humus CtoN =10
; - "'““L"““i Mu:rrta_lrb,rLeafN I‘af' ToHumusN A | B
NppToBiomassleafN | |  Biomassleafy | foDetritustesf |\ Defritusteai —L >
7 Cton 50 ; )§  surface DetritusStemagh /i >  Humuslayer0
e eeet]  CtoN 50 | 7 CtoN 10
|
o e | MortalityStemAgN | 4— ﬂ
NApT crElmmassStemAgl}l; BiomassStemAgh toDetritusStemAgN :Detrltusstemﬁ.ghl | Humuslayerl
: ) = Surface 7 CtoM 10
NppTo CtoN 500 | CtoN 500 | °
NppTotalN-S, - Bi e — -.', e T /—f
—PEEOSEES)> Biomass | | MortalityStemBgN | 71— !
'Etemhl | BiomassStemBgN toDetritusStemBgN :Detrltusstemﬂghl | H ) -
\ 5 : S LayersD, 1,23 umusLaye
NppToBiomassstemBghl | CtoM 500 Gale-Grigal : CtoN-500 CtoM 10
1
1
. ] MartalityRootN R: DEtFItUSRD;::’EH““-:/ Humuslayer3
NppToBiomassRootM | | BiomassRootM . =Y ¥ 1—ToH N :
_ N CtoN 70 toDetritusRootN i Layers0,1,23 . L 18 ”1”5__441-—}5 CtoN 10
Gale-Grigal [ :fl CtoN-70 i — E
R "'q'_.|__________________ 1
1

(Start of day 1 in simulation)

BiomassLeafN pools (g N m2) and fluxes (g N m2 d?), where initial state value must be specified
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Figure Al1.2

BiomassTotalM DetritusTotalN )
CtoN calculated MortalityLesiN CtoN calculated EE'-“'-'-E‘LEEH“J* Humus CtoN =10
[T [ e ToH s A
NppToBiomasslesfN | | BiomasslesiN | toDetritusleafN { DetritusleafN wmu \—"—%E
T Layerd ; e H Layerd
CteN 50 | DetritusStemagi Ll umusLay
L CoNS0 L% CtoN 10
) " MortalityStemAgN | - s ﬂ
MppToBiomassStemAg NE BiomassSternAzN toDetritusStemasN .E DEtrIEuSSt::mi'-"gN | | HumusLayerl
O SE— ) aye 7| CroN 10
HooTotall NppTo {  CtoN 300 | CtoN 500 : °
EE | x . e — . S — |
E Biomass — MortalitystemBgN | - R — ;f
fi:emN | BiomassStemBgN toDetritusStemBsh J DT_tﬂtuf;}tir:ngN . } HumusLayer2
- | 1 | FYEFSA, L, o Edl
MppTeBiomasstemBeH | CtoN 500 Gale-Grigal | CtoN-500 - __d? CtoN 10
— N ) N
NppToBiomassRootN BiomassRooth MortalityRooN j Betritushooth | | Humuslayer3
- B CtoN 70 toDetritusRooth | 7~ LtayersDl2;3—— | Ly CtoN 10
Gale-Grigal |7 | -l CtaM-70 ] i
S — — e B e

BiomassRootN pools (g N m2) and fluxes (g N m-2 d-!), where initial state value must be specified
NppTotall = calculated as before using Michaelis-Menten equation

MppToBiomassRootM = NppTotall * (NppTotalNFractionToBiomassRootM, 0-1)

MortalityRootNtoDetritusRootM = BiomassRootM * (MortalityRootNFractiontoDetritusRootM, 0-1)

BiomassRooth =BiomassRootM + NppToBiomassRootN — MortalityRootMNtoDetritusRooth
where BiomassLeafM vs. time must reflect successional accumulation

BiomassRootCpoolsg C m™?

BiomassRootC =BiomassRootl * BiomassRootCioM
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Figure A1.3

BiomassTotalM
CtoM calculated

DretritusTotalM
CtoM calculated

DetritusleafN
ToHumusN

Cover-specific Stemag mortality;

(2) Woody cover types (forests, shrubs, etc.):

MortalityToDetritusStemAgN = NppToBiomassStemAgN * C /(1 + A * exp®-B * Biomassstemagh])
(seeExcel mortalicy file for estimating parameters A, BandC

......................... . MaortalityLeafM e R R
MppToBiomassLesfM BiomassleafM i tolDetritusleafN DetritusleafN
CtoN 50 | | Layerd
| ! CtoN 50
] " MortalityStemAgN | Sy e
NppToBiomassSitemAg | BiomassStemAgN toDetritusStemash etritusitemAgM
‘NeoT | CtoN 500 ) LayerD
pplo | CtoMN 500
MNppTotalM.. Ll Biomass S — A onio st
L______*_.--— : TOTTEtstemBg |
stemN | BiomassStemBgM toletritusitemBgh } Ditntufatirgﬂggh#
- | I ol | El'y'E-r Ay
NppTuBiumasﬁthgWL _____ '_:t DNEM _______ Gale-Grigal CtaMN-500
""""""""""""" . e
MWppToBiomassRooth BiomassRooth MortalinfiootN |7} — DetritusReoth
! Ciali J6 tobetritusRoot | Layersdil;2;3
Gale-Grigal al CteN-70
| s

L

DetritussemAgh

NppTotall = calculated as before using Michaelis-Menten equation

(1) Mon-woody cover types (grasslands, crops, etc.):
MortalityStemaghtoDetritusStemagh = BiomassStemAgN * (MortalityStemagMFractiontoDetritusStemagh, 0-1)

BiomassStemAgh = BiomassStemagh + NppToBiomassstemaAgh — MortalityStemAghtoDetritusStemAgh

BiomassStemAgC pools & fluxes in gC/m?
BiomassstemAgC = BiomassStemagh * BiomassstemAgCtoN

Sy N SN

!
W

Humus CtoN =10

HumusLlayerd
CtoN 10

HumusLayerl
CroN 10

Humuslayer2
CtoN 10

11111

HumusLlayer3
CtoN 10

BiomassStemAgN pools (g N m?) and fluxes (g N m~ d-), where initial state value must be specified

NppToBiomassstemM = NppTotalk - NppToBiomassleafl —NppToBiomassRootM), e.g., Gstemgh/m2 =12 gtotal -3 g leaf— 3 g root
NppToBiomassstemagh = NppToBiomassstemM * (NppTotalMFractionToStemagh, 0-1), eg., 4.8 gM/m2 =& g stem * 0.8
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Figure Al.4

Cover-specific StemBe mortaliby:

(2) Woody cover types (forests, shrubs, etc.):
MaortalityToDetritussStemBeN = NppToBiomassstemBgh * C /(1 + A * exp®(-B * BiomassstemBgh])
[seeExcel mortality file for estimating parameters A, BandC)

BiomassTotalN DetritusTotalN )
CtoN calculzed MortalityLesfN CtoM calculated DetritusleafM P
"""""""""""" i ] ToH =M A
NppToBiomasslesfN | | BiomasslesfN | | toDetritusleaf Detritusleafi amuEt 1
3 T Layerd -
CtoM 50 !
, : | CtoN 50 DetritusstemAgh
. I ——— MortalityStemaAgh | |
NpploBiomassStemAg g BiomassStemAgN toDetritusStemagN | |
f-—-——-_._._______-- T ! CtoM 500
ploc |
MppTotalhl. | -] Bi I —
17 I E— MortalityitemBgN
stemN | BiomassStemBgN toDetritusStemBeN .
E-iurnassﬁ-temﬂglfi CtoM 500 Gale-Grigal ] -
e —————————————————— H L
RSTS [ (R—— MortalityRootN || DetritusRocth— ||
MppToBiomassRootM BiomassRootM ortalityR - 1|
. - CroN 70 toDetritusfoot  |°) Layersdil23—
Gaie-Grigal | | CtelN-70 ]
| [ S —

MppTotall = calculated as before using Michaelis-Menten equation

(1) Mon-woody cover types (grasslands, crops, etc.):

MortalityStemBghtoDetritusStemBeN = BiomassstemBgh * (MortalityStemBgNFractiontoDetritusstemBgM, 0-1)
where monzlity fraction~0.33, suchthat 0.33 mortalioy fraction =+ 1/0.33 =3 yrresidencetime (Potter 19338 Table 1)

Biomass5temBgC pools & fluxes in gC/m?

BiomassstemBeC = BiomassstemBgN * BiomassStemBeCtoM

MppToBiomassStemBgM = NppToBiomassStemN * (1 - NppTotalNFractionToStemAagM)

Y N N

!
R

Humus CtoM =10

HumusLayerd
CtoN 10

HumusLayerl
CtoN 10

HumusLayer2
CtoM 10

11111

HumusLlayer3
CtoM 10

e —

BiomassStemBgN = BiomassStemBgN + NppToBiomassstemBgM — MortalityStemBgNtoDetritusStemBgN

Biomass5temBgN pools (g N m?) and fluxes (g N m~ d), where initial state value must be specified
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Figure A1.5

BiomassTotalN DetritusTotalN : .
CtoN calculated srraltyLeatN TToN calculated DetritusLeafN A"" Humus CtoN =10
T i T ToHumusN | e
MppToBiomassleafM | | Biomassleaf toDetritusleafM | |  DetritusLeafN
A CtaM 50 Layer0 HumusLayerd
|___CloN 50 CteN 10
- == | MortalityStemAgN | e
NpploBiomassstemAg N\p Biomassstemagh toDetritusStemAgh ME DEtr'T_USSt:Jm‘E"EN Humuslayerl
" = = aye
| | CtoN 10
NppTo | CtoN 500 | CtoN 500 °
MNppTotalM. | - 8i e L =
—PRESTEESL— Biomass == | MortalityStemBgN | -
StemM E EiDmESSStEmEEN tDD-Etr’itL.ISStEMEHﬂ E D’Etr'tuS\StEmEEN
W | : S LayersD,1,2,3 Humuslayerd
MppToBiomassStemBgN | Ctoh 500 Gale-Grigal ; CtolN-500 . CtoN 10
> = S
NppToBiomassRootN | | BiomassRootN MaortalityRooth } DetritusRooth e g | | Humuslayer3
_ ) CtoN 70 toDetritusRootN |7 —Layers0,1.23— . 'O “ﬂus__ﬂ__}; CtoN 10
Gale-Grigal A CtaM-70 —_— :

NOTE: If VELMA P5M calculationsfor a given day are started here, then you will need to delete
“MortalityLeafNtoDetritusLeafNLayer0” from the from the 2nd equation, below. Forexample,

DetritusLeafNLayerO = DetritusLeafNLayer0O — DetritusLeafNtoHumusNLayerO.
This means that the deleted mortality term will need to be added to the affected detritus pool at the end of the day,
such that: DetritusLeafNLayerQ = DetritusLeafNLayerO+ MortalityLleafNtoDetritusLeafNLayer0.
These steps will need to be applied to all of the Detritus pools (Leaf, Stem, Root).

DetritusLeafNLayer0 pools (g N m2) and fluxes (g N m? d?), where initial state value must be specified

DetritusLeafMtoHumusM = Psmdd.getPotterDecompositionAmount|DetritusLeafNT1[Layer0], curCover.DetritusLeafNMaxDecay,
wips,groundT, microbeEfficiency); Notes: (1) thisis o copy of the current PSM4d code, but with edited variable names; {2) in the
case of DetritusLeafN and Detritus5StemAg, all DetritusStemAgNtoHumus goes to Layerd (i.e., no GaleGrigal partitioning).
DetritusLeafMLayerd = DetritusLeafMLayerd + MortalityLeafNtoDetritusLeafMLayerD - DetritusLeafNtoHumusMLayer0

DetritusLeafCLayer0 pools & fluxes in gC/m?

DetritusLeafCLayer0 = DetritusLeafMLayerd * DetritusLeafCtoN
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Figure Al1.6

BiomassTotall DetritusTotalM i
DetritusLeatN =
CloN caleulted | Mortalityleain | . CON calculated e | fumusCtoN =10
NppToBiomassleafN | | BiomassleafN | toDetritusLeafN ;_ DetritusLeafi Lt
T CtoN 50 i i Layerd o DetritusStemAgh ? HumusLayer0
LGNS A ’ CtoN 10
- I — ' MortalityStemAgN [ DetritusstemAaN
NppToBiomassitemAg N‘H BiomassStemagh\ | | toDetritusstemagh | | ri LL;iE:jmﬁ-E HumusLayerl
. 1 — =
H CtoN 500 | CtoN 10
MppT i | |
NppTotalN.| | PP ° LT T—— | CtoN 300 |
#| 7| Biomass | ———— | MortalityStemBgN | o |
fStemN BiomassStemBgN toDetritusStemBg | _| DetritusStemBgh ’ ) "
) { - = Layersi1;2.3 umusLaye
MppToBiomassStemBeN | CtoN 500 Gale-Grigal CtalN-500 ] CtoN 10
NppToBiomassRootM | | BiomassRooth Morta lityRooth S DetritusRoothl o N i HumusLayers
_ = CtoN 70 toDetritusRootN | = ——LayersLd3 L~ [OFUMUSH jfl N CtoN 10
Gale-Grigal | L CON-70 = '

DetritusAgNLayer0 pools (g N m?) and fluxes (g N m2 d?), where initial state value must be specified

DetritusStemAgNtoHumusM = Psmdd.getPotterDecompositionAmount{DetritusStemAgNT1[Layer0],
curCover.DetritusStemAgNMaxDecay, wfps, groundT, microbeEfficiency)

Notes: (1) this is o copy of the current P5Mdd code, but with edited variable names; (2) in the case of DetritusleafN and
DetritusStemAg, all DetritusStemAgMNioHumus goes to Layer0 (i.e., no GaleGrigal partitioning).

DetritusStemAgNLayer0 = DetritusStemAghNLayerl + MortalityStemAgMNtoDetritusLeafMLayerD - DetritusStemAgNtoHumusNLayer0
DetritusStemAgCLayer0 pools & fluxes in gC/m?

DetritusStemAgCLayerd = DetritusStemAgMLayerd * DetritusStemAgCtoM
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Figure A1.7

Biomas=TotalM DetritusTotalM ) )
CtoN calculated MortalityLeafN CtoM calculated Detritusleafh A Humus CtoM =10
ey ToHumusN /] e
MppToBiomasslea®N | | BiomassleafN | toDetritusleafh [ | DetritusleafN A
=t T LayerD i
1 CitoN 50 H
| . CtoN 50 DetritusStemAgh

' HumusLayerD
é] CtoN 10

M Bi + NE""""""""""""""' Ml:rrtalit',r,'}‘.temﬁ.gN :""[i;{'_'é"'g{"'""ﬁ"'
ppToBiomasss emﬁ.gﬂv: BiomassStermAgN toDetritusstemAgh ) rlLL;irEfDmAE HumusLayerl
' ! CtoM 10
NppTo | CtoN 500 CtoM 500 ?
N e — —
- Biomass | ortalityStemBgN | | - = b ,
fotemN | BiomassStemBgN toDetritusStemBgN | | ~DetFitusstemBaN— 1" 42 }_ HumuslLayer2
NppToBiomassStemBgh | CtoN 500 Gale-Grigal ? CtoN 10
b L~
NppToBiomassRootM BiomassRootN Morta|ityRootN LT oHumuUsN | Rumuslayer3
5 ChoN 70 toDetritusRootN sN_ |l ctonio
Gale-Grigal | 1 L.

DetritusStemBgNLayeri (fori=0, 1, 2 or 3) pools (g N m2) and fluxes (g N m2d?), where initial pool

value must be specified

DetritusStemBgMtoHumusN = Psmdd.getPotterDecompositionAmount|{DetritusStemBgNT1[Layeri],
curCover.DetritusStemBgNMaxDecay, wfps, groundT, microbeEfficiency)

Notes: (1) this is a copy of the current PSM4d code, but with edited variable names; (2)
Psmdd.getPotterDecompositionAmount(DetritusStemBgMNT1[Layeri] is used to calculate total (all layer) decomposition, which is
then partitioned among Layers0,1,2,3 according to GaleGrigal parameter.

DetritusStemBgMLayer0 = DetritusStemBgNLayer0 + MortalityStemBgNtoDetritusStemBgNLayer0 -
DetritusStemBgNtoHumushMNLayerd

DetritusStemBgMLayerl = DetritusStemBgNLayerl + MortalityStemBgNtoDetritusStemBgMLayerl —
DetritusStemBgNtoHumushMNLayerl

DetritusStemBgMLayer2 = DetritusStemBgNLayer2 + MortalityStemBgNtoDetritusStemBgNLayer2 -
DetritusStemBgNtoHumusNLayer2

DetritusStemBghLayer3 = DetritusStemBghLayer3 + MortalityStemBgNtoDetritusStemBgNLayer3 —
DetritusStemBgNtoHumusNLayer3

DetritusStemBgCLayeri (fori=0, 1, 2 or 3) pools & fluxes in gC/m?

DetritusStemBgClayeri= DetritusStemBgNLayeri * DetritusStemBgCioN
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Figure A1.8

Biomas=Totall DetritusTotalN _
DetritusLeafN =
oot cmiated | Moraliyieaty | CiNcalaieted || T R, | TMEREN TR
NppToBiomassleafN | |  Biomassleafn | | toDetritusleafN | | ritusle — L
1 CtoN 50 1 g Layer® DetritusstemAgh A\  HumusNLayer®
. { CoN3SO | CtoN 10
_ MortalityStemAgN | oo
NppToBiomassstemAg toDetritusStemaAgN | | DetritusstemAgh n HumusMLayerl
~ > Layer0 CtoN 10
NppTotalN.| - :_p pTo {__CtoN 300
27 7| Blomass | | MortalityStemBgN |
\ ?StemN i BiomassitemBgN toDetritusStemBgi . | DetritusStemBgh 4 H ML r?
| : = Layers0,1,2,3 I umushLaye
NppToBiomassStemBgh | —ioN 200 Gale-Grigal | CtoN-500— ] CtoN 10
) R E -  DetritusRooth— |/ HumusNLayer3
MNppToBiomassRootN | | i MortalityRootN ~ L1 |
PP Ny E'Dgaﬁf;}t toDetritusRootN || —4avers0,1,23 -~ ToHumusN A | ctoN10
Gale-Grigal || 9 = e ChOMN- T o A |
N, "b-..\‘.-__ P S| —
e ———

DetritusRootNLayeri (fori=0, 1, 2 or 3) pools (g N m?) and fluxes (g N m2d?),
where initial pool value must be specified

DetritusRootNtoHumusM = Psmdd.getPotterDecompositionAmount|{DetritusRootNT1[Layeri], curCover.DetritusRootNMaxDecay,
wips, groundT, microbeEfficiency)

Notes: (1) this is a copy of the current PSM4d code, but with edited variable names; (2)
Psmdd.getPotterDecompositionAmount|DetritusRootMT1[Layeri] isused to calculate total (all layer) decomposition, which isthen
partitioned among Layers0,1,2,3 according to GaleGrigal parameter.

DetritusRootMLayer0 = DetritusRootNLayerd + MortalityRootMtoDetritusRootMLayer0 - DetritusRootNtoHumusNLayerD
DetritusRootMLayerl = DetritusRootMLayerl + MortalityRootMtoDetritusRootMLayerl — DetritusRootNtoHumusMLayerl
DetritusRootMLayer2 = DetritusRootMLayer2 + MortalityRootMtoDetritusRootMLayer2 - DetritusRootNtoHumusNLayer2

DetritusRootMLayer3 = DetritusRootMLayer3 + MortalityRootMtoDetritusRootMLayer3 — DetritusRootMtoHumusMLayer3

DetritusRootCLayeri (fori=0, 1, 2 or 3) pools & fluxes in gC/m?

DetritusRootCLayeri = DetritusRootNLayeri * DetritusRootCtoN
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Figure A1.9
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HumusNLayer0,1,2,3 pools (g N m?) and fluxes (g N m? d?), where initial state value must be specified

HumusMLayer0 = HumusNLayer0 + (DetritusLeafNtoHumusMLayerD + DetritusStemAgNtoHumusMLayerd + DetritusStemBgNtoHumusNLayer0 +
DetritusRootNtoHumusMLayerd — NH4 and DON loss from Layer0, where NH4, DON and DOC fluxes are calculated per usual

HumusMLayerl = HumusNLayerl + DetritusStemBgNtoHumusMLayerl + DetritusRootNtoHumusNLayerl — NH4 and DON loss from Layerl, where NH4, DON
and DOC fluxes are calculated per usual

HumusMLayer2 = HumushNLayer2 + DetritusStemBgNtoHumusMLayer2 + DetritusRootNtoHumusNLayer2 — NH4 and DON loss from Layer2, where NH4, DON
and DOC fluxes are calculated per usual

HumusMLayer3 = HumusNLayer3 + DetritusStemBgNtoHumusMLayer3 + DetritusRootNtoHumusNLayer3 — NH4 and DON loss from Layer3, where NH4, DON
and DOC fluxes are calculated per usual
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Figure A1.10
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Total Nitrogen Pools for Biomass, Detritus and Humus ing N m2d*
BiomassTotalN = BiomassLeafN + BiomassStemAgN + BiomassStemBgN + BiomassRootN

DetritusTotalN = DetritusLeafN + DetritusStemaAgN + DetritusStemBgN + DetritusRootN

HumusTotalN = HumusLeafN + HumusStemAgN + HumusStemBgN + HumusRootN

Total Carbon Pools for Biomass, Detritus and Humus in g C m? d!
BiomassTotalC = BiomassLeafC + BiomassStemAgC + BiomassStemBgC + BiomassRootC

DetritusTotalC = DetritusLeafC + DetritusStemAgC + DetritusStemBgC + DetritusRootC

HumusTotalC = HumusLeafC + HumusStemAgC + HumusStemBgC + HumusRootC

Total CtoN for Biomass, Detritus and Humus (unitless ratio)
BiomassTotalCtoM = (BiomassLeafC + BiomassStemAgC + BiomassStemBgC + BiomassRootC) / (BiomassLeafM + BiomassStemAgh +
BiomassStemBgN + BiomassRootN)

DetritusTotalCtoN = {DetritusLeafC + DetritusStemAgC + DetritusStemBgC + DetritusRootC) / (DetritusLeafN + DetritusStemAgN +
DetritusStemBgN + DetritusRootM)

HumusTotalCtoN = (HumusLeafC + HumusStemAgC + HumusStemBgC + HumusRootC) / (HumusLeafN + HumusStemAgN +
HumusStemBgN + HumusRootN)
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Figure A1.11
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Appendix 2:
Initializing a Spatial Data Pool Using an
ASCII Grid

(Link to All Parameters Table of Contents)

VELMA Simulator spatial data pools may be initialized by specifying “Set Spatial Data By Map” disturbances as
part of a simulator run’s simulation configuration. Each spatial data pool (and each layer of that pool for multi-
layer pools) that is initialized must have a separate disturbance specified for it, and its own Grid ASCII (.asc) map
file available for the disturbance to use as a data source?.

Assuming an otherwise already configured simulation configuration is loaded into JVelma, here is how to
initialize a spatial data pool (using the leaf biomass pool as our example) by adding a Set Spatial By Map
disturbance event to the configuration:

Note

It’s assumed that before configuring the simulation, you’ve already created a Grid ASCII map file (.asc) for the
disturbance to use. How you create the map is up to you, but it must in standard Grid ASCIl format, and have
the same dimensions as the Grid ASCIl map of DEM data that the simulation will use.

For this example, each cell value in the Grid ASCIl map file is assumed to be an amount of leaf biomass (in grams
per square meter).

Add the New Disturbance Parameters to the Simulation Configuration

1. InJVelma, with the simulation configuration loaded, Click/open the “Edit” menu and Click/Select
“Disturbances “ -> “Add a Disturbance”.

2. Inthe Disturbance Model Selector dialog, use the drop-down selector to find the
“SetSpatialDataByMapDisturbanceModel” and Click/Set it as the Disturbance Type.

3. Inthe text box next to the “DisturbanceName” prompt, type in a name for this particular disturbance.
The name should be unique (the dialog will warn you if you enter a name already in use) and it is better
to avoid whitespace and non-alphanumeric characters.

For this is example, the name will be “Init_Leaf_Biomass”.

4. Click the “OK” button. The dialog closes, the parameters for a new Set Spatial Data By Map disturbance
are added to the simulation configuration, and the view should shift to these new parameters in
JVelma’s “All Parameters” tab window.

Configure the New Disturbance Parameters
The parameters for the Set Spatial Data By Map disturbance tell the disturbance When it should occur, What its
data source is, and Which Spatial Data Pool to apply that data source to.

3 Two or more Set Spatial Data By Map disturbances may be set to use the same Grid ASCII map file as their input data
source, but it’s more likely that a given spatial data pool to have its own unique input data source.
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The initializeActiveloops, initializeActiveYears” and initializeActiveJdays parameters,
plus the occursAtStepStart parameter specify when this disturbance should occur. To initialize the leaf
biomass pool before any simulation steps occur, set them as follows:

Parameter Name Set Value As ... Comment

initializeActiveloops 1 Occurs during the first loop

initializeActiveYears 2000 Assumes 2000 is the simulation’s start year

initializeActiveldays 1 Occurs during the first Julian day

occursAtStepStart true Dlstur.bance will occur before any S|mulat|on
work is performed on the day when it occurs

Set the spatialDataFileFullName parameter to the fully-qualified path and name of the Grid ASCII file that
you plan to use as the input data source for biomass leaf values.

For this example, suppose that file is named “LeafBiomassData.asc” and resides in directory “C:\My Data\”. The
spatialDataFileName value should then be set to: “C:/My Data/LeafBiomassData.asc” (without the double-
guotes).

Note

Instead of Windows backslash “\” path separators, use forward slash “/” characters as path separators.

Also, be very careful with whitespace; if there is any, it must exactly match whatever whitespace is present in
the actual path and filename.

Set the spatialDataName parameter to the Spatial Data Pool that will receive data from the file.
For our example of leaf biomass, the pool name is “BIOMASS_LEAF_N” (without the double-quotes).
Note

A table containing the names of the Velma Simulator’s spatial data pools is available at the end of this
document.

Set the spatialDatalayer parameter to the (one-based) layer index number of the spatial data pool layer
that will receive data from the file.

For single-layer spatial data pools this value MUST be set to “1” see the table of spatial data at the end of this
document for a summary of how many layers each pool has.

In summary, here is the full parameterization for our example Set (Leaf Biomass) Spatial Data Pool By Map
disturbance:
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ID Key Value
/disturbance/Init_Leaf_Biomass/initializeActiveJldays 1
/disturbance/Init_Leaf_Biomass/initializeActiveloops 1
/disturbance/Init_Leaf_Biomass/initializeActiveYears 2000

/disturbance/Init_Leaf_Biomass/modelClass

SetSpatialDataByMapDisturbanceModel

/disturbance/Init_Leaf_Biomass/occursAtStepStart

true

/disturbance/Init_Leaf_Biomass/spatialDataFileFullName

C:/My Data/LeafBiomassData.asc

/disturbance/Init_Leaf_Biomass/spatialDatalayer

1

/disturbance/Init_Leaf_Biomass/spatialDataName

BIOMASS_LEAF_N

Configured as specified by the parameters above, this SetSpatialDataByMapDisturbanceModel

disturbance occurs once during the simulation; in the first loop, on the first day of 2000 (assumed to be the first

year of simulation for our example) and before any simulation work is done on that day.

When the disturbance occurs, it will open the Grid ASCII spatial data file

“C:/My Data/LeafBiomassdata.asc”, and set each cell of the BIOMASS _LEAF N spatial data pool in layer 1 to the

value for that cell read from the .asc spatial data file.

That’s all there is to it!

Although SetSpatialDataByMapDisturbanceModel disturbances may be used for other purposes, by
varying when they occur, this example shows the commonest use-case; initializing specific non-uniform values

into a spatial data pool at the start of a simulation.
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Appendix 3:
Creating Initial ASCII Grid Chemistry Spatial
Data Pools

(Link to All Parameters Table of Contents)

Initial chemistry or nutrient pools are created through a series of transformations of above ground
Biomass to each of the respective spatial data pools. These transformations are defined by relationship
ratios (fractions) each pool has to “real” or estimated measurements of Biomass (g/m?) for the study
area.

37 VELMA Simulator spatial data pools will be created from this one raster grid Biomass layer. See
Table 1 for the complete list of initial layers that will be created. Each spatial data pool layer will have
its own corresponding Grid ASCII (.asc) map file upon completion of the Python script. These Grid
ASCII (.asc) map files will be used as inputs to VELMA for initializing the map disturbance events.
Figure 1 describes the internal processing flow, inputs, and outputs of the script. Figure 2 describes the
calculations and quality control of the internal Python processing.

Software Requirements
e ArcGIS 10.0 or higher with “Spatial Analyst” license
e NumPy package installed, for the Python version used by ArcGIS 10.X
e IDLE - Python’s Integrated Development Environment installed

File Requirements for Data Processing
e Raster above ground biomass of the study area
0 Unit type — Carbon grams / m?
o “.tif” extension
0 Raster has been clipped and snapped to same dimensions as the Grid ASCII map of DEM
data that the simulation will use.
e Summary Biomass to ratio pools file
0 *“.csv” comma delaminate format
o0 No headers
0 Biomass values (stand age / mass) is in the first column
o0 Pool ratios values in subsequent columns (quantity 37)
o0 Column arrangement /order is known for the ratios

Setting up Python Script for Data Processing
The script is set up in two general sections, “User defined inputs” and “Processing functions”. “User
defined inputs” is where inputs, outputs, and column order will be defined or edited. Changes to the
“Processing functions” section of the Python code should be avoided.
Note
While editing “User defined inputs™

e All file and folder paths need to be enclosed in double quotes: "C:/Temp/Biomass/"
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e All paths in Python use a “/”” instead of the DOS ““\”

e Folder defined paths need to end in **/”” "C:/Temp/Biomass/"

e File defined paths need to end with correct extension "C:/Temp/Biomass/C_g_leaf.tif"
e Ensure that all final output working directories are the same

Note
Biomass to ratio pools file
e Column arrangement must be maintained as noted above

Editing the Python Script
1. Right click the “lookup_ratio_calculate_biomass_func.py” script and click “Edit With IDLE”
2. Editing within the “User defined inputs” section
3. Edit all path variables for:
0 “biomassLayer” — Biomass file
0 “inputPath” — Main output directory
0 “massRatio” — “.csv” Summary Biomass to ratio pools file
o Ouput rasters files, for each of the velma attributes - “.tif”” extension
0 Column number of pool ratio to biomass — Order specific
o Carbon to nitrogen ratios
O Raster attributes

= Xxllcorner
= yllcorner
= cellsize

= nodata

4. Pres Ctrl+S to save the file
5. Press F5 to run!

Note

Processing time is very dependent on processing power and the size of your study area. For example
the Blue River, in Oregon, had a study grid of ~350,000 cells and took 7-12hours to complete all 37
pools. The Python shell will print updates of pool processing steps, and say “All Done!” when it’s done.
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Table 1. Initial spatial pools derived from ratios to above
ground biomass (C g/m~2)

Spatial Data Pool Name Layers Unit Type
BIOMASS_AG_STEM_N 1 N g/m~2
BIOMASS_BG_STEM_N 1 N g/mA2
BIOMASS_LEAF_N 1 N g/m~2
BIOMASS_ROOT N 4 N g/mA2
DETRITUS_AG_STEM_N 1 N g/mn2
DETRITUS_BG_STEM_N 4 N g/mA2
DETRITUS_LEAF_N 1 N g/m~2
DETRITUS_ROOT_N 4 N g/mA2
DOC 4 Cg/mA2
DON 4 N g/m~2
HUMUS 4 N g/mA2
NH4 4 N g/mA2
NO3 4 N g/mA2
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Figure 1. Process flow diagram of ratio (fractions) processing of “observed” above ground biomass (g /
m?2) to the final nitrogen (g / m2) spatial data pools for VELMA’s initialization of disturbance events.
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1 QC of "lookup_ratio_calculate_func.py" Python script

Average Average Average Average
Average Average Average of RATIO: of RATIO: of RATIO: of RATIO: Average Average
of RATIO: of RATIO: of RATIO: Biomass_ Biomass_ Biomass_ Biomass_ of RATIO: of RATIO:

Actual  Biomass_ Biomass_ Biomass_ Root Root Root Root Detritus_ Detritus_
Biomass Leaf: AgStem: BgStem: Layerl: layer2: Llayer3: Layerd: Leaf: AgStem :
cell agBiomas agBiomas agBiomas agBiomas agBiomas agBiomas agBiomas agBiomas agBiomas
2 Value _Pool _Pool _Pool _Pool _Pool _Pool _Pool _Pool _Pool
3 Low Value 451 0.0231 09768 0.1786 0.0117 0.0091 0.0018 0.0000 1.9478 16.3347
B 10.41696 440.5554 80.56813 5.268413 4.117713 0.794325 0 878.4747 7366.961
5 0.226456 0.514067 0.15116 0.068421 0.053477 0.010316 0 19.08728 8.596221
6 Highvalue 62000 00173 09827 0.1806 00089 00070 00013 00000 00257 0.1950 N
7 1072.03 60927.97 11194.65 553.6942 432,759 83.4811 0 1593.38 12088.78
8 23.305 71.09448 21.0031 7.190833 5.620246 1.08417 0 34.63869 14.10593
9 01391 0.8609 0.1240 0.0415 0.0324 0.0063 0.0000 0.2627  2.7297
10 Mid Value 3276 0.1358 0.8642 0.1235 0.0415 0.0324 0.0063 0.0000 0.2244  2.2368
11 4525317 2823.468 405.8382 135.8687 106.193 20.4851 0 823.6199 B8467.224
12
13 9.837646 3.294595 0.761423 1.764529 1.379129 0.26604 0 17.90478 9.880075
14
15 -Average of agBiomass_Pool{gC/m2)_Delineated_Average
16 Look up fraction of biomass fraction is carbon
17 Actual biomass layer cell value
18 Calculated attribute grams carbon These values should match
19 Calculated attribute grams nitrogen new raster values for each
20 Calculated attribute grams carbon : Ratio fraction increasing |attribute layer.
21 Calculated attribute grams carbon : Ratio fraction decreasing

Figure 2. Quality control check of Python script’s dynamic conversions of “observed” above ground
biomass (g / m?) to the final nitrogen (g / m?) spatial data pools. Conversion of biomass (g / m?) to the
final nitrogen (g / m2) were made through an intermediate step of converting mass to carbon (g / m?),
and then using different C to N ratios for each pool to calculate the final nitrogen pools. Fractions
(ratios) of spatial pools change both in the positive and negative direction as a forest ages or increases in
total biomass. Ratio pools can increases or decreases between stand age increments, and the
calculations of these intermediate biomass observational values must reflect this dynamic nature of
changing ratios between time steps. Intermediate values of biomass, those that land in between time
step years, were therefore linearly interpolated between the time point bounds. Spatial map ASCII grid
values for each of the 37 pools should then backward match ratio conversions and final C to N
calculations to the original “observed” above ground biomass. (Only a partial list of pools is displayed
here).

Example: A mid biomass cell value at B10 = 3276 (g / m?) and is part way between stand age values at
L9 and L10. It’s above ground stem carbon mass fraction increases from 0.8609 (D9) to 0.8642 (D10).
So its fraction stem mass (column D) should increase as its percentage difference moves from L9
towards LD10. Conversely, for all the other pool attributes, its percentage difference would increase as
its fraction moves the opposite direction from rows 10 to rows 9.
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Appendix 4:
Overview of VELMA Simulator Output

(Link to All Parameters Table of Contents)

Where are VELMA Simulator Results Located?
The results of a VELMA Simulator run are a collection of data files that the simulator writes to a specific
directory location. That directory is specified in the simulator configuration by 2 related parameters:

/calibration/VelmalInputs.properties/initializeOutputDatalLocationRoot
and
/calibration/Velmalnputs.properties/run_index

The initializeOutputDatalLocationRoot’s value should be a fully qualified path, and the run_index should
be the name of a directory under that path.

For example, given the following configuration:

ID Key Value

/calibration/Velmalnputs.properties/initializeOutputDatalLocationRoot | C:/MyVELMA OutputData

/calibration/Velmalnputs.properties/run_index LittleMtn_ClearCut

All results for the simulation run are written to the directory:
C:/MyVELMA_ OutputData/LittleMtn_ClearCut

If the directory name specified as the value for run_index does not exist as a subdirectory of the directory path
specified for initializeOutputDatalLocationRoot, the VELMA simulator will create it as a subdirectory before
writing any results.

If the run_index directory name already exists as a subdirectory of the initializeOutputDatalocationRoot
directory path, the VELMA simulator does not overwrite existing contents. Instead, it creates a new
subdirectory named <run_index>_<n>, where <run_index> is the value of the run_index parameter, and <n>
is a unique sequence number. This allows you to run the same simulation several times, without losing the
results for any of the individual simulation runs.

If you ran the simulation run with the example parameters above 3 times in a row, without removing any results
directories, you would end up with 3 complete sets of results data in the 3 following directories:

C:/MyVELMA OutputData/LittleMtn_ClearCut
C:/MyVELMA OutputData/LittleMtn_ClearCut_©

C:/MyVELMA OutputData/LittleMtn_ClearCut_1
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What Results are Available after a VELMA Simulation is Run?
The VELMA simulator writes several different types of results data, in several different file formats:

Image Data

For each year of the simulations runs via the JVelma GUI, the GUI creates a PNG image that shows the current
graph/chart state on the last day of the year. These files appear in the run_index directory with the following
naming format:

out_<run_index>_<loopNumber>_<YYYY>.png

Where <run_index> is the value of the run_index parameter, <loop_number> is the simulation loop number
and <YYYY> is the year for the particular image.

For example here is the 2" loop, year 1979 PNG file for a simulation run of the example configuration used
earlier in this document:

out_LittleMtn_ClearCut_1_1978.png

The actual chart or graph type in the image is whatever the user had selected in the JVelma GUI when the
simulator completed the particular year.

Table Data

Table data are files of comma-separated values (.csv) data. They are the primary results output of a VELMA
simulator run. The VELMA simulator produces several .csv files; some document what the configuration of the
simulation run was, while others report the actual simulation results.

File name Contents Type Description

DemState.csv Simulation Configuration | Information about the DEM and watershed
delineation.

CoverState.csv Simulation Configuration | Information about the specified cover types.

SoilState.csv Simulation Configuration | Information about the specified soil
parameterizations.

SimulationConfiguration.csv Simulation Configuration | The full set of parameters used to configure
the simulation.

DailyResults.csv Simulation Results The primary, per-day results output for the
simulation run.

Combined_DailyResults.csv Simulation Results A convenience file: contains the combined
contents of the DemState, SoilState,
CoverState and DailyResults .csv files.

Calibration_DailyResults.csv Simulation Results Additional, per-day results data that does
not appear in the DailyResults .csv file.

AnnualResults.csv Simulation Results Derived from the contents of DailyResults;
per year min, max, sum and range values for
each column of DailyResults file.

Text Data
Text data files contain simple text summaries of either results data or simulator configuration information for a
particular simulation run.
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Of these, the most important is the NashSutcliffeCoefficients.txt, which contains a Nash-Sutcliffe
coefficient value computed for the simulated runoff values. Note that this file only contains useful data if the
VELMA simulator was provided with observed runoff data as part of its simulation configuration.
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Appendix 5:
Generating daily temperature and
precipitation grids for running VELMA

(Link to All Parameters Table of Contents)

Introduction

The VELMA model runs at a daily time step on a spatial grid covering the study area of interest. The
grid is scalable but is often desired to be at a fairly fine scale of resolution, e.g., 30-m cells. The model
requires daily values of precipitation and mean temperature for each cell. Historic daily temperature and
precipitation records can be obtained from weather stations in the National Weather Service or other
networks. A simplistic approach would be to assign temperature and precipitation values to each cell
equal to those at the nearest weather station (Thiessen polygons). However, this would lead to a very
“blocky” spatial data set with sharp discontinuities along lines equidistant from two weather stations.
Smoother surfaces could be obtained by using algorithms such as inverse distance weighting to calculate
values for each cell depending on their distance from multiple weather stations. Both of these
approaches ignore spatial variation in weather variables that are related to physiographic characteristics
other than distance from a data source. Elevation is often a strong driver of both temperature gradients
due to adiabatic cooling and precipitation gradients due to orographic effects produced as the rising air
cools, lowering its moisture-holding capacity and causing precipitation of the excess.

The PRISM model was developed to spatially interpolate climate data from observational
networks in a way that accounts for elevation and other physiographic variables of importance.
Originally developed for precipitation (Daly et al. 1994), it has since been expanded to include
temperature as well (Daly et al. 2008). The model has become the most widely used source of spatial
climate data sets in the U.S. and has been extensively used worldwide (Daly and Bryant 2013).

Daily time series of PRISM interpolated temperature and precipitation data are supposed to be
available for grids in the conterminous U.S. at a 4-km resolution (PRISM Climate Group 2013; data set
ANB81d), but as of 3/6/14 this FTP link through the PRISM Climate Group web site
(http://prism.oregonstate.edu/) was not functional. Even if available, a 4-km grid scale is very coarse
compared to the finer scale resolution (e.g., 30-m) often desired for VELMA runs. Daily PRISM time
series at higher resolution more suitable for supporting VELMA runs would need to be purchased,
which would add significant cost to the application of VELMA to a study area. Depending on the
number of cells in the study area, reading in daily grids of weather data would also significantly slow
down the processing time for VELMA runs as well as greatly increasing the memory requirements.

This manual describes an alternative approach for providing VELMA with daily temperature and
precipitation data for each cell in a study grid. The desire is to capture the essence of PRISM’s
consideration of physiographic factors, but without (a) the expense of purchasing custom PRISM high-
resolution daily time series products, or (b) the processing time and memory requirements that use of
these products would entail. The method involves developing statistical regression relationships
between weather variables from PRISM monthly 30-year normal maps and physiographic factors
(elevation, etc.). Those relationships are then applied on a cell-by-cell basis, adjusting for the departure
of daily weather values from monthly normals at a reference weather station in the study area. The steps
involved in developing and applying these regressions are described below, using a VELMA application
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at the H.J. Andrews Experimental Forest in Oregon (hereafter referred to a HJA) as a specific example.
Comments are also given about how this may vary for other application study sites.

Procedure

1. Choose candidate variables and assemble data

PRISM assumes that elevation is the most important factor in the distribution of temperature and
precipitation, but it also includes effects of a variety of other physiographic variables; these include
topographic facet, proximity to coastlines, cold air drainage, and measures of topographic complexity
(Daly and Bryant 2013). The first step in the regression approach is to choose proxy variables, for
which data are available on a cell-by-cell basis, that are relevant to these physiographic relationships in
PRISM. For the HJA we chose elevation, flow accumulation, and heat load index. Flow accumulation
(also known as contributing area) is the area of cells that are upslope of the target cell, into which water
would flow. This is commonly used to model hydrologic routing, but is also relevant to cold air
drainage modeled in PRISM. Heat load index is a variable that quantifies the heat load from annual
incident solar radiation as a function of slope and aspect (McCune and Keon 2002), which relates to the
topographic facets in PRISM. In other study areas, other appropriate variables might include distance
from coastline if there is a significant coastal to inland gradient, or latitude if there is a sizable north to
south gradient, for example.

Once these physiographic variables have been selected, a data set must be assembled that
includes values for each of the cells in the study area. In the HJA study, a 30-m grid was used. A 30-m
Digital Elevation Model (DEM) provided the data necessary for elevation and calculation of flow
accumulation and heat index in a Geographic Information System (GIS) for each 30-m grid cell. In
addition to physiographic data, PRISM monthly “normals” for temperature and precipitation must be
assembled for each cell. On the PRISM web site (http://prism.oregonstate.edu) data sets are freely
available for the conterminous United States that include 30-year monthly temperature and precipitation
normals for 1981-2010 at resolutions of 800 m and 4 km (PRISM Climate Group 2013). As an
alternative, for the HJA study we used 50-m resolution PRISM data sets from the HJA web site
(http://andrewsforest.oregonstate.edu/) that included monthly normals for total precipitation (mm) and
daily mean temperature (C; average of daily minimum and daily maximum). The PRISM temperature
data were based on 30 years of weather station observation (1971-2000), but 50-m PRISM precipitation
data were only available at the time for 1981-1989. The monthly normals were rescaled to the 30-m
grid, and this data set was merged with the 30-m physiographic data set. In summary, for each of
73,331 30-m cells the HJA data set included:

Jan — Dec monthly normal precipitation (mm/month)

Jan — Dec monthly normal mean temperature (C; average of daily min and max)
elevation (m)

flow accumulation (unitless)

heat load index (unitless)

Example maps of these HJA data are shown in Fig. 1.

2. Exploratory data analysis

Once the data set has been read in, the distributions of values for the variables should be
examined. This serves two purposes. First, it allows checking to see if all values are in an appropriate
range and that there have not been any gross data transcription errors. Second, it allows consideration of
whether transformations of the original variables might be another choice. In the case of the HJA data,
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for example, the flow accumulation variable was found to be very highly right skewed. A logio
transformation was used to create an alternative variable for testing in the regression model fitting.
Correlation coefficients can be calculated between the weather variables (temperature and
precipitation) and the physiographic variables. As expected, and as assumed by PRISM, in the HJA data
set this analysis revealed that the strongest correlation was with elevation. Plots of temperature and
precipitation versus elevation should be made for each month to see the form of this relationship. For
HJA precipitation, this revealed fairly linear patterns for some months (Fig. 2a), but concave-upwards
patterns for other months (Fig. 2b) indicating a possible quadratic relationship with elevation.
Consequently, an elevation? variable was created for testing alternative regression models. For HIA
temperature, there was a linear increase with elevation up to a point, and then a linear decrease with
elevation (Fig. 3). This indicated that a spline regression model be used, fitting a piecewise linear model
with an inflection point.
3. Regression and model selection

Once the physiographic variables have been selected (step 1), additional polynomial terms have
been created if indicated (step 2), and alternative transformations have been created if indicated (step 2),
then alternative regression models can be fit for each month and the most appropriate model form
chosen. Akaike’s information criterion (AIC; Akaike 1974) is a widely used statistic to choose among
competing regression models. It represents a compromise between goodness of fit (which increases
with more parameters) and parsimony (which decreases with more parameters). In practice, AAIC
values are computed as the model AIC value minus the minimum AIC value for all models tested.
While it is possible that different models might have the lowest AIC value for different months, models
with AAIC < 2 are considered roughly equivalent. For consistency, it is desirable to choose a single
model form that applies for all months and has AAIC < 2.

For HJA precipitation, the dependent variable was the mean precipitation for each month, and
the independent variables were elevation (elev), elevation? (elevsq), heat load index (hli), and logio of
flow accumulation (logfacc). Alternative regression models were fit that included elev and various
subsets of the other variables. The full model with all the variables was selected as the best model; it
had AAIC = 0 for 8 of the 12 months and <2 for the other 4 months (Fig. 4). The regression parameters
are shown in Table 1. The regression residuals fell inside an envelope of +20% (or better) of the
monthly estimates over all months (Fig. 5). Sample SAS code for generating and comparing the
regression models is given in Appendix 5.1, below.

For HJA temperature, the dependent variable was the mean temperature for each month, and the
independent variables were elevation (elev), heat load index (hli), and either flow accumulation (facc) or
logio of flow accumulation (logfacc). Alternative regression models were fit that included elev and
various subsets of the other variables. To do the spline fit, a non-linear regression procedure was used
(PROC NLIN in SAS) that seeks an iterative solution to the regression parameters for each of the two
linear pieces, as well as the inflection point where they meet. The full model with elev, hli, and facc was
selected as the best model; it had AAIC = 0 for 9 of the 12 months, <2 for 2 months, and 2.6 for the
remaining month (Fig. 6). Models incorporating logfacc rather than facc failed to converge for several
of the months, so facc was used instead. The regression parameters are shown in Table 2. The
regression residuals roughly fell inside an envelope of +1 °C over all months (Fig. 7). Sample SAS code
for generating and comparing the regression models is given in Appendix 5.2, below.

4. Implementation to get daily temperature and precipitation

The regression models give estimates of the long-term normal monthly mean temperature and
precipitation totals at each cell, based on its elevation, heat load index, and flow accumulation values.
(The monthly precipitation totals must be divided by the number of days in the month to translate this to
a daily basis.) However, many VELMA applications seek to do simulations based on historic daily
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weather time series, or even on future scenarios of daily weather time series (adding projected
temperature and precipitation changes to historic weather time series, for example).

One mechanism to translate the regression temperature and precipitation monthly estimates into
daily time series for each cell is to adjust the values using daily deviations from the monthly normals for
a reference weather station in the study area. Essentially, this assumes that the daily deviations from
climate normals are the same across the entire study area. For the HJA study, the PRIMET weather
station was used as the reference (Fig. 8). (For future development, methods to use several reference
weather stations might be explored, e.g., using inverse distance weighting to determine the deviations to
apply to each cell in the study area.) Using the HJA example, the steps for this procedure were as
follows:

e Compute expected daily PRIMET temperature (T) and precipitation (P) using the regression
equations for that month, and the elev, hli, and facc values for the PRIMET location. (Divide the
monthly P total estimates by the number of days in the month to get the daily estimate; this is not
necessary for temperature.)

e Using the observed daily PRIMET T and P values, compute T and P deviations (observed —
expected).

e Compute expected T and P values for all other cells using their elev, hli, and facc values.

e Addthe PRIMET T and P deviations to the expected values for all cells.

e Using P as an example:

Subscript 0 denotes PRIMET, x denotes other location, m denotes month, ndaysm denotes
number of days in month m, exp denotes expected value from regression
Po = observed P at PRIMET for a day in month m
Po,exp = (am + bm*elevo + cm™*elevsgo + dm*hlio + em*logfacce) / ndaysm
A=Po— PO,exp
Px’ = Pxexp + A
= (am + bm*elevx + cm*elevsqx + dm*hlix + em*logfaccy) / ndaysm + A
A test was done to make sure the adjustment was working correctly in the VELMA code by
focusing on the 30-m cell in which PRIMET was located. For each day in 2007, the expected daily
precipitation and temperature were calculated from the regression equations and then adjusted following
the procedure above. As expected, the adjusted simulated results for PRIMET were identical to the
observed precipitation and temperature data, indicating that the code correctly implemented these
procedures (Fig. 9).
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Fig. 1 — Example maps of H.J. Andrew Experimental Forest PRISM climate and physiographic
variables.
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Fig. 2 — Plots of monthly mean precipitation (mm) versus elevation for H.J. Andrews Experimental
Forest. (a) November data, showing more or less linear increase. (b) May data, showing a quadratic
increase.
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TEMP (C) vs ELEV (m)
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Fig. 3 - Plots of monthly mean temperature (C) for November versus elevation for H.J. Andrews
Experimental Forest. Note the piecewise linear relationship, with an inflection point at around 700 m
elevation.
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Fig. 4 — Plot of AAIC over all months for alternative precipitation regression models at H.J. Andrews
Experimental Forest. E = elevation, E2 = elevation?, H = heat load index, F = logio of flow
accumulation.
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Red lines are +/- 20% of predicted precipitation
Model: PPT = ELEV ELEV**2 HLI LOGFACC

month= 11
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Fig. 5 — Graph of November precipitation regression residuals versus predicted precipitation at H.J.
Andrews Experimental Forest. Red bounding lines represent +20% of the monthly precipitation
estimate.
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Fig. 6 — Plot of AAIC over all months for alternative temperature regression models at H.J. Andrews
Experimental Forest. E = elevation, H = heat load index, F = flow accumulation.
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Red lines are +/- 1C of predicted temperature
Segmented Model: TEMP = ELEV HLI FACC
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Fig. 7 — Graph of November mean temperature regression residuals versus predicted precipitation at H.J.
Andrews Experimental Forest. Red bounding lines represent +1 °C.
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Meteorlogical Stations Within HJ Andrews Experimental Forest
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8 — Map of weather station locations at the H.J. Andrews Experimental Forest.
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Fig. 9 — Comparison of observed H.J. Andrews Experimental Forest PRIMET weather station daily
mean temperature for 2007 and VELMA simulated data for the same location. The VELMA simulated
data used the temperature regression equation to estimate monthly normal temperature for the cell
containing PRIMET, and then made adjustments based on the observed PRIMET daily mean
temperature. This is a check to make sure that the implementation of the temperature regression and
adjustment is working correctly, as indicated by the coincidence of the blue and red lines (red is on top).
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Month a b C d e

1 259.751 0.011833 5.24E-05 -3.94717 -0.09685
2 241.5404 0.006131 6.1E-05 -5.15183 0.892817
3 210.8037 0.037236 4.62E-05 -4.20577 0.951439
4 96.40946 0.080534 7.44E-06 -1.44569 1.250961
5 88.34944 0.014202 3.06E-05 -0.20094 1.259266
6 53.51838 0.048195 9.53E-06 0.873204 1.297879
7 13.08702 0.023576 2.49E-06 0.686924 0.685529
8 21.89397 7.78E-05 6.23E-06 -0.00893 0.199088
9 70.03036 0.007598 2.39E-05 -0.00868 0.959202
10 124.4332 -0.00302 3.59E-05 -1.16562 0.890761
11 316.075 0.072349 4.32E-05 -4.40543 1.247633
12 290.7049 0.034712 4.62E-05 -4.46288 0.495517

Table 1. Monthly mean precipitation regression model coefficients based on PRISM data for

cells in the H. J. Andrews Experimental Forest. The models are of the form:
P =a+ b*elev + c*elevsg + d*hli + e*logfacc
P in mm/month, elev in m, elevsq in m?, hli is unitless, logfacc is unitless
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Month | b o d e g h i j X

1 0.007047 | 0.018444 | 2.75E-06 | -1.12696 | -0.00434 | 0.012177 | -1.6E-05 | 6.606466 679.15
2 0.006148 | 0.065628 | 2.76E-06 | 1.024448 | -0.00545 | 0.037565 | -1.5E-05 | 8.958362 684.28
3 0.001492 | 0.041412 | 1.47E-06 | 5.402304 | -0.00656 | 0.039723 | -5.7E-06 | 11.03547 699.67
4 -0.00239 | 0.053357 | 2.53E-07 | 10.24696 | -0.00697 | 0.043574 | 6.13E-06 | 13.99039 818.03
5 0.004219 | 0.059169 | 1.86E-06 | 8.916032 | -0.00707 | 0.056038 | -1.2E-05 | 16.80074 698.66
6 -0.00222 | 0.046785 | -1.3E-06 | 16.98087 | -0.00684 | 0.078366 | 1.33E-05 | 20.81386 827.75
7 -0.00123 | 0.004955 | -2.5E-06 | 19.38073 | -0.00633 | 0.073345 | -1.9E-06 | 23.54351 814.57
8 -0.00023 | 0.00407 | -2.6E-06 | 18.81907 | -0.00585 | 0.007047 | 9.03E-06 | 23.53079 836.26
9 0.001476 | -0.0342 | -2.3E-06 | 14.80655 | -0.00612 | 0.047614 | 7.6E-06 | 20.83291 791.89
10 -0.00023 | 0.018716 | -1.2E-06 | 11.70249 | -0.00641 | 0.112236 | -8.6E-06 | 16.77907 819.27
11 0.002002 | 0.014029 | -2.6E-07 | 3.771477 | -0.00556 | 0.027117 | -1.4E-05 | 9.412401 745.95
12 0.00697 | 0.047469 | 2.59E-06 | -1.28579 | -0.00399 | 0.007256 | -1.7E-05 | 6.096779 674.34

Table 2. Monthly mean temperature regression model coefficients based on PRISM data for  30-m cells
in the H. J. Andrews Experimental Forest. The models are of the form:

For elev < x: T = b*elev + c*hli + d*facc + e

For elev > x: T = g*elev + h*hli + i*facc + j

Tisin °C, elevin m, hli is unitless, facc is unitless
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Appendix 5.1 — Sample SAS code for generating and comparing monthly total precipitation regression
models at H.J. Andrews Experimental Forest.

proc reg data=hja.hja outest=parmout;
by month;
model ppt = elev elevsq hli logfacc /7 selection=cp aic;
output out=pptout p=phat r=presid;

Notes:

e The input data are read in from the file *hja’ in the SAS library (folder) ‘hja’.

e Separate models are fit for each month.

e With the *selection’ option, models are fit using all the various sets of independent variables listed.

e By using the “aic’ option, Akaike Information Criterion (AIC) values are given in the output for each
model. This allows calculation of AAIC compared to the model with the lowest AIC value (Fig. 4).

e The parameter estimates for each model are written to the file *parmout’ (Table 1).

e Predicted estimates (‘phat”) and residuals (‘presid’) are written to the file ‘pptout’ for plotting
residuals vs. predicted values (Fig. 5).
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Appendix 5.2 — Sample SAS code for generating and comparing monthly temperature regression models

at H.J. Andrews Experimental Forest.
* TEMP MODEL WITH ELEV, HLI, FACC. BEST MODEL - MIN AIC FOR MOST MONTHS,
MINIMAL DELTA AIC FOR OTHER MONTHS;

* Segmented model, linear with elev above and below a join point Xx;

proc nlin data=hja.hja outest=parmout;
by month;
parms b=0.01 c=0 d=0 e=0 g=-0.005 h=0 1=0 j=10;
file print;
X = ((h-c)*hli + (i-d)*facc + (g-€))/(b-9);
if elev < x then do;
model temp = b*elev + c*hli + d*facc + e;

der.b = elev;
der.c = hli;
der.d = facc;
der.e = 1;
der.g = 0O;
der.h = 0;
der.i = 0O;
der.j = 0O;

end;

else do;

model temp = g*elev + h*hli + i*facc + j;

der.b = 0;
der.c = 0;
der.d = 0;
der.e = 0;
der.g = elev
der.h = hli;
der.i = facc;
der.j = 1;

end;

if _obs =1 then do; * PRINT X ESTIMATE TO TRACK CONVERGENCE;

put x =;
end;

output out=tempout predicted=that residual=tresid;

Notes:

e The input data are read in from the file *hja’ in the SAS library (folder) ‘hja’.

e Separate models are fit for each month.

e This is a spline model, fitting linear models above and below an inflection point at elevation X,
which is also estimated. This requires use of an iterative non-linear procedure (PROC NLIN).
Unlike PROC REG in Appendix 5.1, this does not have the capability to fit multiple alternative
models at once and report the AIC values for each. Instead, each alternative model must be
specified. The above code specifies the full model with elev, hli, and facc. AIC values are not
automatically printed and must be calculated from the sum of squares error (SSE), number of
parameters (p; 4 in this case), and number of sample points (n; 73,331 in this case), according to the
formula: AIC =n * In(SSE / n) + 2*p. AAIC values are then calculated by subtracting the AIC for
the model with the lowest AIC value (Fig. 6).

e The *parms’ statement specifies starting values for the parameters to begin the iterative search for
best fit.
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X represents the elevation at which the two piecewise linear models meet. To make the overall
model continuous requires that the estimated temperature must be the same for both piecewise linear
models at that point. The expression for x is derived by setting the two models equal to each other
and solving for elev at which they are equal:

b*elev + c*hli + d*facc + e = g*elev + h*hli + i*facc + j
b*elev - g*elev = h*hli - c*hli + i*facc - d*facc +j—e
x =elev=((h-c)*hli + (I - d)*facc + (j —e))/(b - Q)

The “der’ statements specify the first derivatives of each of the linear models with respect to each of
the parameters.

The parameter estimates for each model are written to the file ‘parmout’ (Table 2).

Predicted estimates (‘that’) and residuals (“tresid’) are written to the file ‘tempout’ for plotting
residuals vs. predicted values (Fig. 7).
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Appendix 6.1:
VELMA version 1.0, Part 1 of 2
HYDROLOGICAL Model Description

(Link to All Parameters Table of Contents)

WATER RESOURCES RESEARCH, VOL. 47, W09521, doi: 10.1029/2010WR010165, 2011

Catchment hydrological responses to forest harvest amount and
spatial pattern

Alex Abdelnour,] Marc Stiv&:glitz,]‘2 Feifei Pan,'~ and Robert McKane®
Received 26 October 2010; revised 17 July 2011; accepted 25 July 2011 published 27 September 2011.

[1] Forest harvest effects on streamflow generation have been well described
experimentally, but a clear understanding of process-level hydrological controls can be
difficult to ascertain from data alone. We apply a new model, Visualizing Ecosystems for
Land Management Assessments (VELMA), to elucidate how hillslope and catchment-scale
processes control stream discharge in a small Pacific Northwest catchment. VELMA is a
spatially distributed ecohydrology model that links hydrological and biogeochemical
processes within watersheds. The study site is WS10 of the H.J. Andrews LTER, a 10 ha
forested catchment clearcut in 1975, Simulated and observed daily streamflow are in good
agreement for both the pre- (1969-1974) and postharvest (1975-2008) periods (Nash-
Sutcliffe efficiency = 0.807 and 0.819, respectively). One hundred scenarios, where harvest
amounts ranged from 2% to 100% were conducted. Results show that (1) for the case ofa
100% clearcut, stream discharge initially increased by ~29% or 345 mm but returned to
preclearcut levels within 50 years, and (2) annual streamflow increased at a near linear rate
of 3.5 mm year~ ' for each percent of catchment harvested, irrespective of location.
Thereafter, to assess the impact of harvest location on stream discharge, 20 harvest
scenarios were simulated, where harvest amount was fixed at 20% but harvest location
varied. Results show that the streamflow response is strongly sensitive to harvest distance
from the stream channel. Specifically, a 20% clearcut area near the catchment divide
resulted in an average annual streamflow increase of 53 mm, whereas a 20% clearcut near
the stream resulted in an average annual streamflow increase of 92 mm.

Citation: Abdelnour, A., M. Stieglitz, F. Pan, and R. McKane (2011), Catchment hydrological responses to forest harvest amount and
spatial pattem, Warer Resour. Res., 47, W9521, doi: 10.1029/2010WR010165.

163



WOaszl

of the spatial distribution of soil texture and soil depth on
streamflow dymamics would certainly provide insights into
caichment dynamics, it is beyond the scope of this paper.
[43] Finally, it is important to ask whether or not an
explicit treatment of the preceding issues would improve
model performance and the understanding of process-level
controls on streamfiow and other ecohydrological processes.
For some applications, the explicit treatment of these proc-
esses may be neadad. However, it must be recognized that
such added processes come at the cost of computational effi-
ciency, model complexity, and applicability to larger spatial
and temporal scales. The current version of VELMA is an
imitial attempt at a parsimonious solution to this dilemma.

7. Conclusion

[#2] Deespite the limitations discussed above, the model
presented here provides a relatively simple, spatially distrib-
uted framework for assessing the effects of changes in cli-
mate, land use, and land cover on ecchydrological processes
within watersheds. The WS10 simulations suggest that the
model can predict, with reasonable accuracy, the effects of
forest harvest on daily, seasonal, and annual changes in
streamfiow. The simulations describing the effects of harvest
amount and spatial pattern provide process-level insights
into important hydrological responses to harvest—details
that would be difficult or impossible to capture through
experimentation or observation alone. Moreover, the model
provides an integrated ecohydrological framework for eval-
uating how altermative climate and forest management sce-
narios may interact to affect the functioning and health of
forest and stream ecosystems. Finally, the simplicity of the
model makes it potentially useful for applications across a
range of spatial and temporal scales relevant o land man-
agers and policy makers.

Appendix A: Model Description

[45] We include two appendices. Appendix A describes
the hydrology model, which includes the equations typi-
cally applied across watershads and ecosystems. Appendix
B describes the evapofranspiration recovery function usad
o mimic postharvest transpiration dynamics.

[#6] VELMA is a spatially distributed ecohydrology
model that accounts for hydrolopic and biogeochemical
processes within watersheds. The model simulates daily to
century-scale changes in soil water storage, surface and

Figure Al.
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subsurface runoff, vertical drainage, carbon (C) and nitro-
gen (M) cycling in plants and soils, as well as transport of
nutrients from the terrestrial landscape to the sireams.
VELMA consists of multilavered soil column models that
communicate with each other through the downslope lat-
eral transport of water (Figure Al). Each soil column
model consists of three coupled submodels : a hydrological
model, a soil temperature model, and a plant-soil model.
What we describe below is the hydrology component of the
model. First, we describe the soil column model and then
place this soil column within a catchment framework.

Al. The Hydrological Model
All. Soill Column Framework

[47] We employ a multilaver soil column as the funda-
mentzl hydrologic unit. The soil column consists of n soil
layers, a standing water layer, and a snow layer (Figure
AZ). Soil water balance is solved for each model laver
{equations (A1}{AG6)). Soil water storage in layer ! (5.
surface standing water (55w ), and snow water equivalent
{Sgwe), are tracked and updated at each time step. For a
four-layer soil model, such as the one used in this work :

Fri
ﬂ: Pl__m:

= (A1)
‘i}_i""=ﬁ-f-m—gm—g,_m: [ AZ)
%:I—Eﬁ—fﬂ e, (A3)
%: Dy — Dy — ETs — (s + Qo (Ad)
%: Dy — Iy — ETy — 5 0 + D [AS)

% = I — 4 o + P, | AG)

where P, (mm day~ ') and P, {mm day~"} are rain &nd
snow, respectively, ET, (mm day~") is the waler extracted
from soil layer § due to evapotranspiration, 5, (mm) is the
s0il water storage in laver I; Sgge (mm) is the snow water
equivalent due to the accumulation of snow, S (MM} is

Conceptual catchment modeling framework using multilavered soil columns.

164




Wies1l

ABDELMNOUR ET AL : CATCHMENT HYDROLOGICAL RESPOMSE TO LAND USE

Wies1l

Figure A2,

The soil column framework consists of four-layer soil column, a standing water layer, and

4 snow layer. DTB is the soil column depih to bedrock. z;, K5, ¢, and 5, are the thickness, the saturated
hydraulic conductivity, the soil porosity, and the soil water storage of layer i, respectively.

the standing water amount, m (mm day—") is the snowmelt
that enters the standing water layer, / (mm day ') is the soil
infiliration rate, [, {mm day ") is the vertical drainage from
layer { to layer { + | within a F:iven soil colummn, 3y i (mm
day~"y and () . (mm day ') are the lateral subsurface
flow into and out of layer i; {2, ;, (mm day~ "} is the surface
waler flow from the sz pool of an upslope soil column,
and (Js_oue (mm day ") is the surface water flow to the szrw
pool of a downslope =0il column or into the stream.

Al2. Vertical Water Drainage

[48] The vertical water drainage (D)) is modeled using a
logistic function that is intended to capiure the break-
through characteristics of soil water movement. Specifi-
cally, we employ & logistic function j(5;/5™=) that permits
for fast “switching™ from low to high flow as layer water
storage approaches field capacity :

Dy = K™ fs 5 =12 ... .m, (AT

where Ks"™%! is the vertical saturated hydraulic conductiv-
ity in layer {, (5/5"™) is the soil degree of saturation in
layer [, §™ (mm) is the maximum soil water storage in
layer 1, and f(s,/¥™*) is the logistic function for layer I
The vertical saturated hydraulic conductivity follows a
TOPMODEL framework [Beven and KirkBy, 1979] and
decreases exponentially with depth such that

AogPetionl — i e gk i=1,2....n, [ AR
where K= is the soil surface saturated hydraulic conductiv-
ity [Clapp and Hormberger, 1978 Dingman, 1994], 1, is

the vertical decay rate of Ky with depth, and d; is the soil
depth to the center of layer .

[48] The logistic function is modeled as

Flsf =) =— exp o) 2 =12
: 14 ayexp|—az(af ™) (14 au)
ay = cxplﬁ +270.562 x ( Ksreria) ““J
with
dy =6+ 144.749 x (Kaperoe )4,
(A9)

Al.3. Precipitation, Rain, Snow, and Snowmelt

[s] Below a threshold temperature (), precipitation
() falls as snow (), otherwise as rain (P.). Snow accu-
mulates until air temperature ( 7,) warms and rezches melt-
ing temperature {T,). Snowmelt rate (m) follows a degree
day approach [Rampo and Martinec, 1993], and includes
for the heat provided by rain on snow [Harr, 1981]. Snow-
melt {m) enters the Sz pool and from there infiltrates into
the top soil layer {or continues as lateral surface flow and
enters a downslope Sgw pool, section 2.2)

Py Ta = Tm
P=
Py =T
[ ALD)
Ty — Tl o PouxTy, Ty;=Ty
m=
1] :Iru < Tﬂ'.

where & (mm*C~" day~ '} is the degree-day factor for melt
and « is the rain on snow factor.

Ald4. Surface Soil Infiltration

[51] Based on the large unceriainties associated in ascrib-
ing soil texture, soil structure, and soil properties, we simply
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assume that water stored in the Sgpw pool is allowed (o
infiltrate (I} the top soil layver such that:

IT=ifr+m+ g — ol
for (Fe+m+ Oy g — Oy o) < ﬁﬂm
1= KsEp™

for (Fe+m+ Oy — Oy o) = ﬁﬂm-

(A1)

AlS5.  Evapotranspiration

[52] Evapoiranspiration increases exponentially with
increasing soil water storage and asympiotically approaches
the potential evapotranspiration (PET) rate as water storage
reaches saturation [Davies and Allen, 1973 ; Federer, 1970,
1982 ; Spiftlehouse and Black, 1981]:

— W, _ _ f 1
ETi = Wes % PET x {1 - exp|—cer x (5/5™)] } (A1)
=012 ...,m

where W, is the soil water extraction fraction in layer [
and ¢ i% an ET shape factor to ensure that ET approaches
PET near field capacity.

[53] PET is estimated using a simple femperature-basad
method [Hamon, 1963]:

PET = Kpgr = 0.0138 x L % pyn(T,)

. - eail Ta)
st Ta ) = 0622 = g = (_PSL (Al3)
with T3x T\
A= Ty
A Tz) =611 _—
ca(Te) = 6.1 x e )

where pual Tz} is the saturation absolute humidity (2 m—)
at the mean dallg air temperature T, (*C), p, is the air den-
sity (1300 ¢ m™7), €T} is the saturation vapor pressure
(kPa}) at T, pg 15 the mean pressure at sea lewvel (1013
kPa), Kppp is 4 calibration constant, and L is the local day
length expressed in hours [Dvegman, 1994].

[54] The distribution of plant water extraction through the
soil profile has a significant impact on the ability of vegeta-
tion to access water throughout the growing season [Bond
el al., 2008). Roots, soil macropores, and soil saturated hy-
draulic conductivity all tend to fall off exponentially with
depth [Beven and Kirkby, 1979; Gale and Grigal, 1987
Jackson el all., 1996, Sidle et al, 2001 ; Wigmosia and Per-
Kins, 2001], which sugpests that the ability to exiract water
from the soil column decreases with soil depth. A number
of studies have found that the majority of water uptake is in
the shallow soils where water and nutrients are abundant
[Jackson el al, 1996 Warren et al., 2005]. However, these
studies also suggest that water uptake shifts from shallow
to deep layers as near surface soils dry out [Brooks ef al.,
2006; Hacke et al., 2000; Warren et al., 2005]. To mimic
these dynamics, soil water uptake is modeled as follows

i i E‘:, !
far St -1) 2( l'—,u'r-I,J
-] \Fria-n

Wei=gt =12 .. (d—1) (414
X

J'I-.l".'.l'=':} 'r=d.l':"':ﬂ:

ABDELMOUR ET AL : CATCHMENT HYDROLOGICAL RESPOMSE TO LAND USE

w9521
¥ 11 E" Tl
for (TH&0 | (ﬂ)
T 1) P a1
Wy = U Bimlen g g - 1)
0 (A15)
=l
Wei= Weaew  i=dr
Wgy=10 i=(de+1),....n

where & and ; are the soil wilting point and the soil po-
rosity in laver I, respectively, layer d. is the deepest laver in
which water extraction is possible, (:,-_M I / f:f‘d. 1..) is

the degree of saturation of layer (g, —1), and Wy gep 15 the
fraction of water uptake from layer d, during droughts (a
calibrated value). The depth of layer d, is determined either
experimentally (typically taken from rooting depth infor-
mation) or through calibration. Based on egquation (Al4),
water uptake is limited to shallow layers as long as waler
storage in these layers is above wilting point. When the
water storage in the shallow layers is below wilting point,
equation {A15) permits for deep soil waler extraction.

A2, Watershed Framework

[55] To place the abowve described soil column frame-
work within a catchment framework, the catchment topog-
raphy is gridded into @ number of pixels {dependent upon
the available DEM, e.g., 30 m), with each pixel consisting
of one s0il column model (Figure Al). Scil columns com-
municale with each other through the downslope lateral
transport of water. For simplicity, lateral subsurface flow
(J); (equation (Al6)) from one soil column pixel to a
downslope neighbor is from layer I of the upslope pixel to
layer  of the downslope pixel. Lateral surface flow O,
{equation (A 18)) is from the Sz pool of an upslope pixel
to the Sgrw pool of a downslope pixel, where it can then
either infilirate into the top soil layer of the downslope
pixel, or continee its downslope movement as lateral sur-
face flow. A multiple flow direction methed is used where
flow from one pixel to its eight neighbors is fractionally
dllocated according to terrain slope [Freeman, 1991 ;
Ouinn et al., 1991].

Al.l. Lateral Subsurface Runoff

[56] Lateral downslope flow (&) is triggered near field
capacity using the logistic function presented in equation
{AD) but (1) corrected for the local slope and (2) Ks’,‘“““] in
ay and a, , is replaced by Ks™=! such that

0 = K™ = 5L = f{5,/5™) i=12....n [AlG)
and
K™ = g o gl =12, ....m [AlT)

where K51 g the lateral saturated hydraulic conductivity

in layer I, SL is the local terrain slope, and f; is the lateral
decay rate of K5 with depth.
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AL, Sorface Runofl

[57] Surface runoff () from a pixel is a product of the
standing water after infiliration (/) is accounted for, the
local terrain slope, and the Chezy “like™ coefficient {Che)
( 1/time) [D¥ngman, 1994]:

Oy = Che = SL = s5Tw. [ALE]

A23. Total Runoff

|58] Total catchment discharpe () is computed as the
sum of the lateral Aows into the channel, the rain falling
directly on the channel, and the snowmelt from channel
pixels. The stream channel is defined as all pixels with a
flow accumulation area above a predafined threshold. We
assume that all Aows entering the channel are directly
routed to the outlet such that

Or=73"3 (0y+0y) +3 (Fr+m) (A19)
F A =1

where cn is the number of pixels that are both adjacent to
the channel and that have a flow direction into the channel,
n is the number of layvers in a soil column, and cr is the
number of pixels within the channel.

Appendix B: Evapotranspiration Recovery
Function Description

Bl. Background

|59] Successional changes in forest transpiration are gen-
erally consistent with changes in forest Leaf Area Index
(LAl), sapwood basal area, and net primary production
(NPP} [Waison ef al, 1999; Zimmermann el al, 2000].
Ryan et al., [1997] found that forest LAl increases initially
after disturbance, reaches a maximum in young stands, and
thereafier decreases. Moore ef al. [2004] found that young
Douglas-fir forests in the Pacific Northwest have a higher
sapwood basal area and use nearly three times as much
waler during the growing season as old-growih forests.
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Acker et al. [2002] found that the NPP of young stands in
the Pacific Northwest is larger than the NPP of mature and
old stands (Figure B1). Furthermore, several experimental
studies found that the streamflow in managed forests is
reduced to below old-growth values due to rapidly transpir-
ing voung vepetation [Bomd ef ai, 2008; Hicks e al,
1991]. Finally, Yang et al. [2003] examined conifer devel-
opment in 133 stands in the Pacific Morthwest using inter-
pretation of historic aerial photographs from 1959 to 1997
and found that coniferous forests regenerate quickly and
reach closed canopy (defined as =T70% tree cover) approxi-
mately 30 years after disturbance.

BI. Evapotranspiration Recovery Function

[s0] Based on these findings, the ET function given in
equation (A12) is modified to account for the (1) reduction
in ET due to clearcut, (2 ET recovery during regrowth, (3)
high transpiration demands of voung forest, and (4) refurn
to old-growth ET values within 30 years. Thus

ET, = fiplla) % Wy x PET x {1 - Ex.p[—e:,.;,— * {.'rel.":!:“"‘]_'_}

=012 ...,n,
(B1]

where
Srelty) = Fapltg) = {1 — rgr) = [1 — expl—tg/re)] + rer} (B2)
and
for (25 < g < 45 yrs & Iy € Jun — Sepd)
i}

{1 = rgr) = |1 — exp(—iy/rr)] 4+ rer}

glse  freits) = 1,

Jrella) = (B3]

where fiiy) is the ET recovery function, £, is time in days
after disturbance, rer is the residual ET immediately after
clearcut, rp is an ET recovery shape factor, and 0 is the
percentage increase in transpiration of young stands over
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Figure B1.

Changes in net primary production (NPP) of temperate forests (red dots are individual for-

est stands sampled throughout the world; dashed black line is a 10 year moving average) [Luyvssaen
et ql., 2008], and NPP of boles for Pacific Northwest coniferous forests (black circles and solid black
line) as a function of stand age (i.e., time after stand-replacing disturbance) [ Acker ef al., 2002].
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Table Bl. Model Parameters Values Used to Simulate the Hydrologic Processes of W510 in the HJ. Andrews Experimental Forest

Farameters Defimition Value References
Sml texhare dominant so1l texture loam™ Ranken [1574]
: field capacity i layer i 027 Clapp ard Hormberper | 1978]
-8 porcsdty . layer i 0463 Clapp ard Hormberper | 1978]
ay wilimg point i layer i 0117 Clapp ard Hormberper [1978)
Preharvest Calibrated Model Parameters
A sail surface layer (layer 1) thickness (mm}) i) caltbrated
A first mntermediate soal layer (layer ) thickness {mm) 750 calshrated
Ay second mntermedaate soal layer (layer 3) tickness {mm) 750 calshrated
Axy doep soal layer (layer 4) thockness (mm) 20 caltbrated
Kx surface saturated hydraulic conductivity (mm day™") G5 cahbrated
s vertical decay rate of K (1/m) 1.3 calibrated
I lateral decay rate of & {1/m) 1.55 calibrated
oy doepest layer in which water extraction 15 poasible 3 Kamtantomio ef al. [1977]
Wi oo fraction of water upiake from the deep layers dunng drowghis 0.z caltbrated
Cor ET shape factor 5 calibrated
Koot patential evapotransprration calibration 2 cahbrated
@ degree-day factor for mekt (mm *C™" day™") 5 cahbrated
Tin threshold termperatare (*C) -1 calibrated
Tm me ling temperature (*C) 2 calibrated
o Fam on snaw ter 0.5 calibrated
Che Cheay =lhike ™ coefficsent | 1/day) 540,000 calibrated
Pastharvest Calibrated Model Parameters
rer residual evapotransparation fraction after clearcut 03 calthrated
rr transpiration recovery shape factor 00 calibrated
i peroentxge mncrease in duly transpirabion due to young vigorous forest (%) 10 cal thrated

"Soal texture in W510 range from gravelly, silty clay loam o very gravelly clay loam [ Ramken, 1574].

old-growth during the growing season (assumed here
betwesan June and September). The function fG-{14) accounts
for the increase in ET of yvoung stands over old-growth.

[61] The ET recovery function iy is @ modified Chap-
man-Richards growth function [Hung, 1982; Ratkowsky,
1990; Richards, 1959] that accounts for the higher transpi-
ration rate of voung vigorous stands over old-growth [ Bond
el al., 2008; Jones and Posi, 2004]. Specifically, fredlig)
increases exponentially (from a clearcut value of fu iy = 0)
= rpr) and asympiotes to old-growth values within 30 years
(i, f7plly = 30 yrs) = 1). This ET recovery function (B2)
is an initial attempt to capture the complex successional dy-
namics associated with canopy recovery. This function has
been widely usad in studies of trees and stand growth (e.g.,
at the H.J. Andrews, the Coweela, and the Hubbard Brook
Experimental Foresis) [Bosch and Von Gadow, 1990;
Christing er al., 20011 ; Duan, 1996, Janisch and Harmon,
2002; Kkamis et al., 2005, Walchler ef al., 2005, Zelde,
1993, among others]. Warchler et all [2005] used the Chap-
man-Richards growth function to capiure canopy recovery
in three watershads within H.J. Andrews. Yang er al. [2005]
used the Chapman-Richards growth function to simulate the
recovery of shrubs, hardwood trees, conifer trees, and
mixed trees successional postdisturbance dynamics.

[62] Calibration of the ET recovery function parameters
is conducted as follows: 1 is calibrated to capture the
observed 19752008 annual, seasonal, and monthly stream-
flow. rey is calibrated based on the annual P and ¢ record
at W510 immediately after clearcut and yields a value of
30% {Table B1), which is well within the range of observed
values in forests across the United States and the Pacific
Morthwest [Spitlehouse, 2006, Stednick, 1996, Stoy et al.,

2006, Winkler et af, 2010]. For example, a number of stud-
ies in the Pacific Northwest, including H ). Andrews, have
found that the initial ET after clearcut ranged from 280 (o
350 mm {30% to 33% of preclearcut ET) [Bosch and Hew-
leme, 1982 Hibbert, 1966 Stedrick, 1996].

[61] Ackmowledgments. The informaton m this document has been
funded 1 part by the U5, Emvironmentz] Protection Agency. 1t has boen
subjecied to the Agency's peer and admimistratve review, and # has
been approved for publication as an EPA document. Menbon of tade
names or commerzial products does not constitute endarsement or recom-
mendation for use. T].1Fi= research was additionally supported in part by
the followmg NSF Grants (439620, 0436118, and 0922100, We thank
thern Johnson, Barbara Bond, Suwanne Bemillard, Theresa Valentime,
and Don Henshaw for mvalushle assistance m accessing and inberpreting
various HJ. &ndrews LTER data sets used in this study. Data for stream-
flow, streamn chemistry and climate were provided by the H.J. Andrews
Experimental Forest research program, funded by the Mational Science
Foundation's Lang-Term Ecological Research Program (DER 08-233810),
LS. Forest Service Pacific Northwest Research Station, and OR State
Linwersity.
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Effects of harvest on carbon and nitrogen dvnamics in a Pacific
Northwest forest catc hment

Alex Abdelnmw,' Robert B. I!'«-'Iq:I=.Z..'1r|rﬂ,2 Marc Sﬁeglit;u Feifei Pan,"qnnd Yiwei L‘heng'
Received 23 Seplember 2012 ; acoepted 1 November 2012,

[1] We used a new ecohydrological model, Visualizing Ecosystems for Land Management
Assessments (VELMA), to analyze the effects of forest harvest on catchment carbon and
nitrogen dynamics. We applied the model to a 10 ha headwater catchment in the western
Oregon Cascade Range where two major disturbance events have occurred during the past
500 years: a stand-replacing fire circa 1525 and a clear-cut in 1975. Hydrological and
biogeochemical data from this site and other Pacific Northwest forest ecosystems were used
to calibrate the model. Model parameters were first calibrated to simulate the postfire
buildup of ecosystem carbon and nitrogen stocks in plants and soil from 1525 to 1969, the
vear when stream flow and chemistry measurements were begun, Thereafter, the model was
used to simulate old-growth (19691974 ) and postharvest (19752008 ) temporal changes in
carbon and nitrogen dynamics. VELMA accurately captured observed changes in carbon
and nitrogen dynamics before and after harvest. The interaction of hydrological and
biogeochemical processes in the model provided a means for interpreting these changes.
Results show that (1) losses of dissolved nutrients in the preharvest old-growth forest were
generally low and consisted primarily of organic nitrogen and carbon; (2) following
harvest, carbon and nitrogen losses from the terrestrial system to the stream and atmosphere
increased as a result of reduced plant nitrogen uptake, increased soil organic matter
decomposition, and high soil moisture ; and (3) the rate of forest regrowth following harvest
was lower than that after fire because post-clear-cut stocks and turnover of detritus nitrogen
were substantially lower than after fire.

Citaton : Ahdelnowr, A, B, McKane, M. Stieglitz, F. Pan, and Y. Cheng (2013), Effect of harvest on carbon and nitrogen dynamics
in a Pacific Northwea forest catchment, Warer Besoier. Bes, 49, doi: 1001029200 2WRO12994.
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when W fixing plants and microorgnisms tend to be more
abundant [Rastetter et al, 2001]. However, this simplifica-
tion is acceptable for WS10, given the low abundance of N
focers in the young, postharvest forest. Gholz er al. [1985]
found that post-clear-cut W fixers such as red alder (Ainus
rubra) and snowbush (Ceanothus veluntinmg) were sparse
and limited to the nparian zone of WS10,

[39] (4) Controls on dissolved organic matter: VELMA
does not exphoitly model processes that control the reten-
tion and loss of dissolved ornganic matter. In a field study
conducted in HIA, Yano e al. 2004, 2005] found that the
net retention of soil dissolved organic matter are controlled
by the relative magnitude of hydrophobic and hydmophi lic
acid fractions as well as by the Litter quality. For example,
Yano et al, [2005] found that DON production from moot Lit-
ters 15 an onder of magnitude higher than other litter types
(Le. nesdle and wood), Other studies have shown that
anions such as sulfate and phosphate can impact retention
of DOC in forest soils by competing with DOC for adsorp-
ton sites within the soll matrix [Fance and Deavid, 1992].
Although the incorporation of the chemical processes dis-
cussed above in VELMA 15 bevond the scope of this paper,
doing s0 would provide a more accurate representation of
mechanisms controlling catchment-scale DOMN and DOC
production  and  export. In its present configumtion,
VELMA 15 calhbmted to provide a best fit for observed
DON and DOC exports. Thus, the chemical processes
affecting measured concentrtions of DON and DOC are
implicitly included in this model calibmtion. Consequently,
an explicit treatment of the chemical processes would
require rzcalibmtion of the terrestnal processes controlling
DON and DOC transport to the stream.

[40] (5) Soil spatial heterogeneity: Soil texture and depth
vary spatially within W10 [MeGuire er all, 2007 ; Ranken,
1974 ; Sayama and MeDonnell, 2009]. However, deriving
high-resolution and catchment wide soil texture and depth
maps from, tvpically, a small number of point measure-
ments, 15, at best, uncertain, Instead, we assume uniform
loam soil texture and um form depth to bedrock of 2 m to
reflect, more or less, average conditions in the catchment
[Ranken, 1974] Although a sensitivity amalysis on the
impact of the spatial distnbution of soil texture and so1l
depth on streamflow  dvnamics would certanly  provide
insights into catchment dynamics, it is bevond the scope of
this paper.

[41] For some applications, the explicit treatment of
these processes may be needed. However, it must be recog-
nized that such added processes come at the cost of
inereased model complexity, computational efficiency, and
applicability to larger spatial and temporal scales. These
are important tmdeoffs to consider, mven that data needed

to implement complex models are not generally available.

Appendix A: Model Description

[#2] VELMA is a spatially distributed ecohvdrology
model that accounts for hydrological and biogeochemical
processes within watersheds. The model simulates daly to
century-scale changes in osoil water storage, surface amd
subsurface mnoff, vertical dminage, carbon and nitrogen
cveling in plants and soils, as well as transport of nutrients
from the terrestrial landscape to the streams. VELMA con-

sists of multilavered soil column models that communicate
with each other through the downslope lateral transport of
water and nutrients (Figure (A1)). Each soil column model
comsists of three coupled submodels : a hydrological model,
asol temperature model, and a plant-soil model. Describad
below are the soil temperature and plant-soil component of
the model. The hwdrological component was deseribed in a
previous manuseript [Abdelnour et al, 2001]. First, we
desenbe the sol colunn model and then place this soil col-
umn within a catchment frmework.

Al Soil Column Framework

[£] We employ a multilaversd soil column as a funda-
mental hydrologic and ecological unit. The soil column
comsists of nsoil layers (Figures (A2) and (A3)). Soil water
halance, soil subsurface temperature, and sl C and N
pools are computed for each layer,

ALl Soil Temperature Model

[#] The soil tempemture model At amuolates  the
gronmd surface temperature (GST) from the available mean
surface air tempertore (T,) in the presence of snow cover.

[#] The gmound suface tempemture is caleulated as
follows :

i oA

GST(r) = T, = expl==), {Al)
where SIN1) 15 the snow depth fmm) at tme ¢, and Ao 15
the seasonal damping depth for snow that is approxdmately
equal to 670 mm [Hillel, 1998] for a snowpack of density
300 kg m . In this model, snow is an insulative material
that only attenuates the mean surface air temperature signal
[Cheng et ai., 2000]. The attenuation of the T. signal is
assumed proportional to the depth of the snowpack [Cheng
et al., 20010]. As a result, during snow free periods, the
gronmd surface temperature is assumed equal to the mean
suface air tempembtre: SD =10, GST =T,

[#] Subsurface heat tmnsfer is then simulated wsing the
analvtical solution of the one-dimensional heat-conduction
equation [Carslaw and Jaeger, 1959; Hillel, 1998].

[#] The subsurface soil temperature in laver §is caleu-

lated as foll ows

T,,ld. 1) = 08T + (ﬁSTl::—..-,fn[J‘.I]] —n'S'T]
(AZ)

" .r;pr:

C-M-H

lmteractiong

Figure Al. Conceptual catchment modeling framework
using mul tilayered soil columns.
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Figure AX. The soil column hyvdrological framework
comsists of a four-layered soil column, a standing water
laver, and a snow laver. DTE i1s the soil column depth to
bedrock. &z, Rsj, o, and 5; are the thickness, the saturated
hydraulic conductivity, the soil parosity, and the soil water
storage of layer i, respectively; P, P, and P, are the precip-
itation, snow, and min, respectively; m is the snowmelt,
and sswe 15 the snow water equivalent depth; Fis the infil-
tration, and sypy 15 the standing water amount ; 0, is the
surface mmoff; and Oy, D;, and ET,, are the subsurface run-
off, the drainage and the ET of layer i, mespectively.

where GET 15 the ammual mean soil temperature (7C), ;15
the soil depth to the muddle of laver i (mm), @(d,. 1) 15 the
phase lagof T,; relative to GST at depth o}

@ldir) = (%;] ’ %}

W

i=1,2, .. .nm, {A3)

and Afr) is the damping depth of the soil {mm), defined as
the chamcteristic depth at which the tempemture signal is
attenuated to Ve of the GST. M) 15 a function of the ther-

mal properties of the soil and the frequency of the tempera-
ture fuctuation ;

0 - (209"

W

(Ad)

where Dgr) 15 the tme-dependent thermal diffusivity of the
spil {mm® d~ "yand is a function of the simulated soil moisture
?Ih- [De Fries, 1975]. For each Laver i of the soil colurmn,

1o-?

Dy(r) = (1945 107%) » (%)_1

fnr[is‘i )-::ﬂ.lﬂ:
S:

i) = (—4.085= 107 ) -[(?m}—ﬁl} w 107

|

(A%)

f“'(s‘;-i*) =018 i=12, .m,

and wis the Fequency of mnual tamperature fuctuation (d ")

2x
-— (A6)
ALZ, Plant-Soil Model

[#£] The plant-soil model simulates ecosvstem carbon
stomge and the cyveling of carbon and nitmogen betwesn a
plant biomass layer and the active soil pools (Figume (43)).
Specifically, the model simulates the mteraction among
plant hiomass (&), 50C including humos and detritus
(S0C), plant available soil nitrogen (V) including DOMN
and DM, as well as DOC, The DIN pool 15 divided mto an
ammoniun {MNH;) and nitrate (NOy) pool. B, S0C, NH,,
MO, DON, and DOC pools are updated at each time step.

For an p-laver soil model (i=1, 2, ..., 5):
48 _ [ (N nudan N | (N nindoo NOw | | oo
o — NHydn " NHykn '
( L) o
(AT)
BO0G _ m(B)B — 14(Tus,5:)SOC:, (AS)
JNH, s
IL* — i — Fuftgbya S (NHL W S(#}E
Ly II - ‘j‘]mc\: Iy {TJ'J :i“_l _Nlti_ ':\‘{h-Hd-JJ
+§(NHy ) +€ (NHy,) —§ (NH,),  (A9)
D00t (03 W5 ) - en
_"I';t{H"—Jh] _ {1{?‘{"—:11 |.] _&E_ {h-nh]
— & (W), (AL
T‘: o 800 1 (T, 5] — £ (DOG) 4 £, (DOC,_ ]

+ ¢, (DOC) — ¢, IDOG],
{ALL)

L= gS0C, v(T;,.5) — ¢, (DON)) +¢,(DON, ;)
+ 4y (DON; ] — g, (DOM],

dr
(A1)

where mi{B) is the plant mortality rate (d ") rand gy am
the biomass ot fraction and the uptake mte fmetion (d~")
in laver f, respectively; 6y, and fyg, ame the factions of
nitmgen uptake from the ammonium and nitrate pool,
respective by, S0C; NHy, NOy,, DOC;, and DON; are the
SOC, ammonium, mtmte, DOC, and DON pools in laver |,
mspectively (g Nm % or z Cm %) kn (z Nm %) is the
Michaelis-Menten calibration parameter; WS(5/5™% ) is
the water stress funchon w[?'u..n}l 15 a first-order SOC
decomposition rate (d7'): n, is the atmosphedc input of
wet and dry nitrogen deposition (g Nm a1 —g) =
SOC; = 1y Tyym) s the flux of carbon into  the
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The VELMA v1.0 figure describes simulated interactions of hydrological and biogeochemical processes. See Figure 1

in the Chapter IV of the VELMA v2.0 User Manual for modifications to the PSM portion of the model.
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Figure A3, The soil column bogsochemical framework simulates ecosystem carbon storage and the
cyveling of carbon and W between a plant biomass layer and a four-layered soil column. 8 is the above-
gronmd and belowground plant biomass. DIN; is the DIM pool in layer i, The DIN pool consists of a ni-
trate pool and an ammonium pool and constitutes the available soil nitrogen for plant uptake. Nit; is the
ammonium nitrification into nitrate in laver § (vellow armows). The NO5 pool decomposes through deni-
trification, which releases N-N;0 gases into the atmosphere. g, is the atmospheric wet and dry nitrogen
deposition and is accmmted for in the first layer nitrogen pool. DON; and DOC; are the DON and DOC
pool in layer §, respectively. 500, is the S0C pool in layer i Plant mortality is a sourse of carbon into
the SO pool. The S0C pool decomposes through soil microbial activity into DON, DOC, and NH, (red
amows). S0il heterotrophic respiration &, from 50C decomposition in each laver § 15 released into the
atmosphere. MO, NHy, DON, and DOC are soluble and transported through water drainage from layer §
to layer i+1 and through subsuface munoff from layer i of the soil column to laver [ of a downslope soil
column (blue arrows). (. ; is the vertical loss of nutrients from layver § to laver i+ 1. 0y g,y and £, ;are
the later] soluble nutrents in and out of layer i, respectively.

ammonium pool due to S0C decomposition in laver § (g

dh, NO: (g Nm*d "), DOC (g Cm *d "), and DON (g
Nm~* d7"); g x S0, x vy T 5 ) 18 the flux of carbon

Nm ™ d7") losses through vertical tmnsport of water (ie.,

into the DOM pool dus to SOC decomposition in laver § (g
Nm~2d™": ey » 8OC, vy Tog.m) 18 the flux of carbon
from_the S0C pool into the DOC pool within layer § (g
Cm™* d7"); fidNHy,) and fL,dNOs) ame the Type I
Michaehs-Menten functions for ammonium and nitrate
uptake in laver §, respective byv; MNit; and Den; are the ammo-
nium nitrification (g Nm— d ") and nitrate denitrification
(z Nm ™ d~") amounts in Layer i, mspectively: {,{N'I—I“}i
CuNOs ), CIDOC), and ((DON) are the NHa (g Nm™

drainage) from laver @ to layer i+1; {.uMHs,
{ o NO i), Cr aad DOC;), and § oa(DON) are the NH, (g
Nm ™ d '), NO: (e Nm *d™"), DOC (g Cm *d™"), and
DON (g Nm~* d77) losses out of layer i, through lateral
transpaort of water (Le., subsurface mnoff) from layer §of the
soil column to layer § of a dewnslope soil column or teward
the stream; { W(NHy), § ulNOy), § u(DOC), and
(DO are the NHy, NOs, DOC, and DON fhuces into
laver i, through lateral transport of water (Le., subsurface
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runoff) from laver § of an upslope sol column; o 1s the C:N
ratio for plants and soils and is currently assumed constant
for the entire simulations ; o4 15 the fmction of carbon that 15
not lost to the atmosphers due to sol heterotmophic
respimbon.
Al.Ll. Atmospheric Nitrogen Deposition

[#5] Atmospheric inputs of wet and dry nitrogen deposi-
tion are assumed to affect only the first soil layer and to be
temporally distributed thmoughout the vear as a function of
precipltation ;

— P +m)
ny = Wy, = .

= -P,-'

{A13)

where T, is the long-term average amual wet and dry

L

o 10 () « (S ) : w(ﬁ

W, x S

s, Wi, x S

nitrogen deposition (g Nm Zwr "), P, is the rain fmm d ",
m is the snowmelt (mm d- "), and P, is the long-temmn av-
erage anmual precipitation (mm yr .
A1.22, Michaelis-Menten Functions

[96] The Type [1 Michaslis-Menten functions are used to
limit NH 4 and NO; uptake,

AN - ==

[ty 2 B gy 2 e
m[ﬁ‘]{ ( JljI.-n.'r _) for 8 < E,u. (ALS)

Mgy for B = By

where m,, my,, and m, are the mortality rate parameters; m.
is the equilibrium mortality rate of old-growth stands
fd~="y; and Ba is the biomass value at equilibrium for an
old-growth stand (g Nm ™~ or g Cm ™ “/ax).
ALZA. Plant Uptake

[52] Plant uptake rate 15 assumed to increase with
increasing stand age (S, reach 4 maximum value for
young stand, and then decrease and reach equilibnum value
for mature/old-growth stand [doker e al, 2002; Waring
and Frankiin, 1979].

{A16)

where ji,, is the minimum uptake rate of plant (d~"); fs
15 the steady-state/equilibrium value of plant uptake (d7);
.‘5:'_"3!‘“ is the stand age for which plant uptake is the highest
(days): and Wy, W, W, and W, ame the Weibull distribo-
tion parameters to calibrate.
ALZLZS Water Stress Function

[52] The water stress function vanes between 0 and 1
and 15 proportional to the soil laver water saturation. The
water stress function limits plant growth (e, plant nuto ent
uptake capacity), as soil layer wetmness approaches zem or
saturation.

. NH
SulNHy) = e
Hy +n (A14)
s _ KOy oA
_,rjullhﬂq‘] _h-—ﬂ;k — n i=1,2...n
(s0-(2))
0002154 = exp & S
5
W [ — [
(=)
(e ()
244141 = exp & W

{AIT)

ALLI, Plant Mortality

[#1] Plant mortality rate 15 simulated as a function of
plant biomass, dcker eral. [2002] found that biomass maor-
tality increases slowly with age for young stand, wntil it
reaches the mortality of mature and old-growth stands. In
VELMA, plant mortality is assumed to increase exponen-
tally with biomass and to reach a steady state value for
mature/ol d-growth stands.

where FE™™ and W™ are the mimmum and madmum
soil Laver water satumation values betweesn which water stress
function has no effect on plant nutrient uptake , respectively.
AL26A Biomass Root Fraction

[24] Biomass root fraction distribution with depth fol-
lows Gale and Grigal [1987] model of vertical root
distribution ;
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{A18)

p=1— g E B, i=1,2 ...n,
=1

where 7 15 a fitted “extinction cosfficient™ that depends on
the vegetation type.
A1.L7. Vertical Transport of Nutrient

[#] Vertical transport of nutrients within the soil column
i5 & function of the vertical water drainape and the size of
the mutrient pool i layer i

o
o WNHy) = gfim, -c?‘-ch'[-u:- i=1,2...n (A19)
e Iy .
CLANOy) = ghan, i?’fhﬂu i=1L2...8 (A2
oy

(DO | = i = ?i [

(DO, = gfooc * 5% DOC,

where [y {mm d~") is the vertical water drainage from
laver i to laver i4+1; 5 {mm) 15 the amount of water in laver
iy and quHuqi‘rNu-,uqu'H}Hn and l!.lrlxu: are the maximum
fractions of NHy, N0y, DON, and DOC pools, respectively,
that can be lost through transport of water,
ALLS. 50C Decom position

[s4] SOC decomposition rate varies with environmental
factors such as soil tempembtore [Karerer er al, 1998;
Llovd and Taylor, 1994, Rustad and Fernandez, 1998] and
so1l mosture [Davidson ef al,, 2000] and 15 based on the
process-based TEM presented by Rarch et al. [1991]. Soil
moisture impacts 30C decomposiion rate via moisture
availability m doy soil and via oxygen availability in wet
soil, such as

v T i) = b o FEF(T) Pm:(;i.:):

(A23)

i=1,2 ...n,
Fo (T,,) = 0.00442 x £003=T) - j—1 2 o (A4
F‘“"‘(?‘—E‘} =08=ML+02 (=12 .8 (A25)

-y 2

(100 ()" - ().
) o

gt

A=

{A26)

where k. (d7") is the potential decomposition mte deter-
mined by model calibration; FFo® [T,J relates the micro-
bial activity mte to changes in soil tempemture (Equation
1.13 [Raich er al., 1991]); Ff”m[ﬁ',,-"ﬁ'f"“}l defines the
impact of soil moisture on decomposition (Equation 1.14b
[Raich et al, 191]): M. 15 a pammeter that determines
the value of Fro=e [S‘,-".‘ET"“} when the soil is saturated
(Table A5 [Raich et al,, 1991]); ma, is a shape parameter

defiming the skewness of the curve (Table AS [Raich ef al,
199173, [ﬂ-"‘i‘“"“}@ 15 the u]:tirml s01l wemess value for
which carbon decomposition is maxmal ; and Fi=9 (T}
and F"""méﬁ -"‘i""“}l vary between the '-.d.l.LI:H ul'll] and 1.
AL3Z, Nitrification Rate

[#] Mitrification 1s the hological oxidation of ammo-
mium into nitnte and subsequently nitrate under aesrobic
conditions. Mitrification occurs natwrally in the envimon-
ment and 15 carried out by antotrophic bacteria. Soil mtnfi-
cation rates depend on a number of envimmmental fctors
such as soll ammomum level [Smar e al, 1999], sl
moishre [Davideon er af, 1993], soil temperature [Aoalh
and MeGill, 1982], and soil pH [DeCGroar er ol 1994], In
VELMA, mtnfication is simmlated nsing similar equations
to the penemlized model of N; and N;O production of Par-
ton et al, [1996, 2000]. Soil nitrification rate s assumed to
(1)  imcrease exponentially  with  soil  temperatune
Fy® [T“]l; Figure 2b [Parton et al, 1996]), (2) increase
a5 501l Lover water saturation reaches optimal value for bac-
terial decomposition and then decrease mpidly as sol layer
reaches saturation (Fy™===(§, /57 ); Figure 2a [Parton
etal., IWE]} {3) decrease exponentially as soil layver acid-
ity {JnH]- INCTEASES [F“ S/ ). Figure 2¢ [Parton
etal , 1967), and (4) be himited ]:l:, the amounted of ammao-
niu.rn avai lable for mitn feation.

[#] The nitrification rate in laver § 15 calculated as
follovers -

Wity = kg™ = FaF( Tl iF"-H}IpH‘] :F'“m(qmu}

® fmMHy] = NHy (= 1,2.. .n, (42T
FEF (T )= —006 + 013 x ®7 ) j=12 n
{AZE)
aBey pr , actaniw =0 A5 = (-5 = pH, )
Fy™ (pH;) = 0.56 - (429)
i=1,2. . n,
e
® S‘F‘” J"iln—J"ilh.
L]
(&) -
=': W i= l:l...h’: Iﬁtjﬂ]

where K™ (d~"} is the maximun nitrification rate deter-
i ned b} model calibration ; and N, Ny, N, and N; are the
s0il pammeters set ..u.mnlmg to soil texture and described
by Parton et al. [1996].
Al4. Denitrification Rate

[#] Denitrification is the biological reduction of mitrate
under anasrobic conditions. During denitnfication, hetero-
trophic microbes contribute to the NO: reduction into NO;,
WO, and N0 mtemmediates and ulbmatel v into molecul ar
mtmgen N; lost to the atmosphere. The denitnification pro-
cess 15 contmalled by environmental factors such as soil ni-
trate level, soil oxypen availability, and soil labile carbon
availability (¢~ donor) [Weier et al, 193], In VELMA,
denitrification is simulated wing the denitrification submo-
del of My and N0 production presented by Parton et al.
[1996, 2001] and Del Grosso ef af. [2000]. The rate of
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demiin fication 18 proportional to the amount of bioavailable
SOC  level, However, VELMA does not differentiate
hetween labile and nonlabile soil organic matter. Therefore,
simulated ecosvstemn CO5 loss (so1l heterotrophic respira-
ton)is used as a proxy for the amount of bioavailable SOC
[De! Grosso et al., 2000, Parton et al., 1996]. The rate of
denitri fication increases with decreasing oxvgen availabil-
ity. (hoygen availability s another cntical factor not simu-
lated by VELMA but assumed as a functon of soil
maoisture, soil gas diffusivity, and oxygen demand. Gas dif-
fustvity 15 simulated as a functon of so1l mosture and soil
properties, whersas oxygen demand is a function of the
simulated so1l heterotrophic respiration [Del Grosso er al,,
2000 Parton et al, 1996]. As a result, so1l denitrification
rate 15 simulated as a fumction of soil sabwation
et (g gma ) (Equation (A1) [Parton et al, 20017),
501l hetemtrophic mrespimtion (C ) {rtgun: id
[Del Grosso er al, 20007), -r.IJ'Il s01l available mitrate
FRme MOy (Figure 1e [Del Grosso et al., 20007). Cur-
rently, VELMA simulates the total denitrificaton or
Mo M0 emission without the partition betwesn N, and
M0, such that

Deny = min [FE== (C0y ), Fp~=(NOy,)| x Fpo== (%)
i=1.2.. .n [A31)
_ arctan [ ® % 0.6 x 0.1 x | ) ) —

"E‘:‘ x
=12 ..n [A432])
Fﬁ‘hm{ffj:‘_l =ﬂ | - {e} - T 'Ell'}l; A IE{TE.S"]]L‘

i=12...n [433)
Famee 0y, = 0005 x (NOy,)™"  i=12...n (AM)

where FE™((002,) and Fiy™®(NOy) represent the maxi-
mum possible W gas fhioe from layer § for a given soil heter-
otrophic respimtion rate and nitmte level, respectively (g
Mm~—™ d~"; ¥, is a shape parameter that depends on soil
textume ; and FemTe (S 0 0m ) yaries hetween 0 and 1.

A2, Watershed Framework

[88] To place the earlier desaibed soil colunn framework
within a catchment fmmework, the catchment tq:lug'dr.i'l} 1%
grdded into a number of pixels, with each pixel wm‘u.‘tmg
of one coupled soil colunn. Soil columns commumnicate with
each other through the downslope lateral transport of water

and nuirients. Surface and subsurfice nunoff are responsible
for this lateral transport and link each soil column to the sur-
mmding downslope soil columns. A multiple flow dirsction
method 15 used where flow and nutnents from one pixel to
its ¢ight neighbors 15 fractionally allocated according to ter-
min slope [Freeman, 1991; Cuann et al, 1991] Momrover,
muinents tmnsported downslope from one soill column to
another can be processed throngh the di fferent submodels in
that dowmnslope soil column, or continue to Bes downslope,
interacting with other soil columns, or ultimately discharging
water and nutrients to the stream.
A21l. Lateral Transport of Nutrients

[s1] Lateral transport of nutnents from laver § of an
upslope soil column to laver i of a downslope sol column
or toward the stream is based on the flow mouting informa-
tion and on terrain slope. As with the vertical transport of
mutrients, the lateml transport of nutnent s a function of
the lateral nnoff and the size of the nutrient pool in layver .
For simplicity, we assume that both sudface runoff and
laver | subsurface nmoff impact the nutrient pool in laver 1
of the soil column :

'::L':h-[‘hé]=ﬂjﬂﬂ1*w1hﬂ£ i=1,2...n
(A35)

.-;L[Hnﬁ]=%ﬂl1w.ﬁgu =12 .m
{A36)

G(DON) = gfocw, x 2590 XD pon, 212
(A3T)

{LIZDGG]=¢&¢I.~M~DU:; i=12...n
(A3E)

h 1 for i=1

WGt =00 for i=23...n

where () (mm d ") is the lateral subsurface runoff Fom
laver § (Equation (A16) [dbdelnowr er al, 2011]; and O,
fmm 47"} is the suface munoff that impact the nutrients
pools in laver 1 (Equation (A18) [dAbdelnour et al., 2011]).

Appendix B
[62] Appendix B describes the list of parameters used in
the model. Table Bl includes the parameters defimtions,

values and references.

Table Bl. Model Pammeter Values Used to Simulate the Biogeochemical Processes of WS10 inthe HIA

Parameters Defimitiom Value References

J Seasomal damping depth for smow {mami) 670 Fillel [19498]

GST Annual mean soil temperaiure (°C) BS Sollms and MoCorison [1981]

Kn Wichaelis-Menien calibration perameter (g Nm ™) 0.1 Calibradesd]

iy Fraction of mirogen upiake from the nimde pool 03 Rygiewicz and Bledsoe [ 1966],
Kammunga-van Wik and Frins [1993]

Ay Fraction of mtrogen uptake from the ammaomum paol 07 Rygriewicz amd Bird e [1986],
Kamminga-van Wik and Frins [1993]

iyng N ratio fior plants and sails 5 Solims and McCorison [1981]

£ 0004 Calilbrated
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Table Bl. {continwed)

Parameters IecFi i ticn Value References
Fraction of carbon that 15 not lost 1o the atmosphere due io the
50l heterotrophic respiration
mw Anmual wet and dry deposition of atmosphenc W (g Nm—2yr~") 02 Solims eral. [1980]
g Fitted] extinction coeflicent 0976 Jackson ef af. [ 1996]
g Fraction af carbon decompasiiion that feeds mio the DON poal 05 Calibrated
-, Stead ys tale average mortaliy rade of old-growth fores 91_'} 0.1 25 lagz and Hafpern [2006]
B, Average hiomass value for an old-growth forest (g Nm™ ) 42 350 Harmon er al. [2004], Sofmser al [1980]
m, Mortality rate parameter 1.55 Fixed a prion
m, Moriahty raie parameder 4 Fixed a prion
m Moriality raie parameder 1E—-14 Fixed a prion
- Mmnamum upizke rate of vegetstion after disturhanos (yr ') 020 Fixed a prion
Pl Steady state value of plan ke (yr~') 025 Calibrated
.'5“"":' Stnd age for which plantuptale & the highest {years) 35 lLayssaert er al. [2005]
Wy Weabull disnbubion parameter for plant uptake 1460 Fixel a prioni
Wy Weibull disiribution parameter for plant uptake 1.70 Fixed a prion
Wiz Weabull disnbubion parameter for plant uptake 0.95 Fixel a prioni
Wo Weibull disirihution parameter for plam uptake 085 Fixed a priori
WE™ Lovwer 1imit of soi] water saturation, helow which plant iptake &0 Fixed a prion
s meluced (3)
A Upper lamat of s water sstwration, ahowve which plant uptale Bl Fixedl a prioni
is reduced (36)
k. Potemiial carbon decomposition rate (vegetstion dependent; 31'_'} 045 Calitwated
Mo Parsmeter thet determines the value F= o 5 (™| 0.25 Raich er ol [1991]
ma Shape parameter defining the shewness of the FF™"""(g /s7™ | curwe 0.14 Raich er al. [1991)
(5 )™, Optimnal soi] wetness for which decomposiiion is maod mal 4P Alexander [1977]
pH Average pH value for the saik in WS10 a5 Chaeir e al. [2009]
K= Wi mam nitrification rate {47 ) 0.15 FParton er al. [2001]
Ny Sanilmosmre function parameter for amamomiom mitr fication 04 Parton er al. [1996]
Ny Sanlmoismre function parameter for amamonmiom mtr fication 17 Parton er al. [1996]
N Sanlmosture function parameder for ammomum min fcation 322 Parton ef al. [ 19946]
Ny San ]l moisture function paramedter for ammmomum mitn fication 0007 Farfon er af. [1996]
W, Sailmosmre function shape parameter 50 Def Carasso er al [2000)
A Mo mum fraction of WH, poal that can be lost through tansport of water 0.12 Calibrated
iy Maoci mamn fraction of NH, poal that can be lost through transport of water 004 Calibrated
i Moo mum fraction of Wi, poal that can be lost through tansport of water 0.02 Calibrated
i Maximumn fraction of Wi, poal that can be lost hrough ranspont of watler 006 Calitwated
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Appendix 7:

Creating Flat-Processed DEM Data For
The VELMA Simulator and Determining
Outlet and Watershed Delineation

The VELMA Simulator requires a Digital Elevation Map (DEM) for any simulation it runs.
This DEM contains elevation data for the area simulated.

The area specified must contain no "sinks™ or "flat spots".

When VELMA simulates surface waterflow it must be able to flow "off" the map area in some
way. Water is not allowed to pool anywhere within the simulation area.

In order to ensure this "no flat spots rule”, DEM data used by the VELMA Simulator is first
"flat-processed" to remove any sinks or flat spots.

Use JPDEM to prepare DEM data for use by the VELMA Simulator.

NOTE
You must have Java 1.7 installed on your computer to run JPDEM.

l. Creating a Flat-Processed DEM

Start JPDEM

Open a Windows Command Line and enter the command:
C:\> java -Xmx1024m -jar C:\full\path\to\JPDEM. jar

The ""-Xmx1024m" tells the Java Runtime Environment (JRE) to let JPDEM have 1024
megabytes (1 gigabyte) of working memory.

If your machine doesn't have that much memory, substitute a smaller value (e.g. "512" instead of
"1024™). Alternately, if the .asc file of DEM data you intend to load is very large (and your
machine has the memory) you may substitute a larger value (e.g. "2048" instead of "1024").

If the full path to the JPDEM.jar file contains whitespace characters, place double-quotes around
the path.

Example:

"C:\ful\path\with white space\to\JPDEM. jar""

Loading DEM Data Into JPDEM

Load a "raw" DEM file into JPDEM (the file must be in standard ESRI Grid .asc format).
Click the "File" menu, then select and click "Load DEM File".
The "Select DEM File to Load" dialog window opens.
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Browse to the location of your DEM file, and click the name of the DEM file.

The DEM file's name appears in the "File Name:" text box.

Click "Load File" to load that file's data into JPDEM.

The file is loaded, and an image of the file appears in JPDEM's map display.

If the file is too small (has few rows and columns), click the Image Scale up-arrow button to
"zoom in".

Flat Processing DEM Data In JPDEM

Click the "Tools" menu, then select and click "Flat-Process DEM Data (Standard)".

JPDEM will process the DEM, adjusting elevation data to remove flat spots or sinks within the
DEM data's area.

If the processing takes more than a second or two, the display will periodically update, showing
remaining flat spots in blue.

When the flat-processing algorithm finishes, the display shifts to a grey-scale representation,
with darker-colored pixels representing cells with higher flow-accumulation values.

Note:

There are several menu options for Flat-Processing DEM data.

The "(Standard)" menu item uses an algorithm that produces good results, but generally takes
more time to produce them. We do not, at this time, recommend using the other two flat-
processing algorithms. They are still being developed.

Saving Flat-Processed DEM Data From JPDEM To a File

After JPDEM finishes flat-processes DEM data, click the "File" menu, then click the "Save DEM
As ..." submenu, and finally select and click the "Ascii Grid" menu item.

The "Save DEM Grid to File" dialog window opens.

Browse to the location you wish to save the data in, then type a name for the file in the "File
Name:" text box.

Finally, click the "Save File" button to save the DEM data to the specified file name and
location.

Note

Flat-processed DEM data may be loaded into JDPEM just like "raw" DEM data.

Flat-processed DEM date does not need to be flat-processed again after it is loaded into JPDEM.
However, to view the flow-accumulation grey-scale visualization of that flat-processed data, you
must determine the flow data information for the flat-processed DEM values.

[I. Watershed Delineation

Determining Flow Data For a Flat-Processed DEM

Load a flat-processed DEM .asc file into JPDEM, in the same way you would load a "raw" DEM
file.

After loading the DEM data, click the "Tools™ menu, then select and click the "Determine DEM
Flow Data (Standard)" menu item.

JPDEM will then compute flow data (flow direction and accumulation values) for each cell in
the DEM area.
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Once the flow data is computed, JPDEM will shift the display to the flow-accumulation grey-
scale visualization.

Note

Loading a "raw" DEM file and then immediately trying to determine DEM flow data should not
crash JPDEM, but it won't result in any meaningful information either.

Note

The difference in results between the "(Standard)" and "(Alternate)" flow data algorithms should
be zero or very small.

You may use either algorithm. The Alternate algorithm is somewhat faster, but often not much
faster than the Standard algorithm.

Determining Watershed Delineation
Flat-processed, flow-accumulated DEM data in JDEM may be used to determine the delineation
relative to a specified outlet cell (i.e. the set of cells that flow "to" a specified "outlet™ cell).

In order to compute the delineation for an outlet cell, you must first specify the coordinates of the
outlet cell.

You can do this either by entering the zero-based x (column) and y (row) coordinates of the
outlet cell in the "Outlet X="and "Y =" number boxes, above JPDEM's map display, or by using
the mouse.

To select an outlet cell using the mouse, do the following:

Move the mouse pointer over the cell you wish to select.

Press down on either the right or left mouse button.

A context menu should pop-up, containing information about the cell you are pointing at.

Holding the mouse button down, drag the mouse pointer onto the menu item containing cell info
(the info should highlight), then release the mouse button.

The menu goes away, and the x and y coordinates for the cell you selected appear in the "Outlet

X ="and"Y =" number boxes above the map display.

Note:

"Zoom in" on the map display by clicking the up-arrow button of the "Image Scale" to make
selecting a specific cell easier. For example, at "Image Scale 3", for example, every cell is
displayed by 3x3 pixels.

However, on very large maps zooming too far in can crash the display, because it may run out of
memory.

Once the coordinates of an outlet cell are specified, click the "Tools™ menu, then select and click
the "Delineate DEM Data (Experimental)” menu item.

JPDEM will then compute the delineation (i.e. the area of cells) for the currently specified
"Outlet X =" and "Y =" values.

The resulting area is displayed in a logarithmic-coloring blue-red scale, superimposed over the
grey-scale of the flow-accumulation display.

If the delineation looks incorrect, change the outlet cell coordinates and re-run the delineation.
When the delineation looks correct, record the "Outlet X =" and "Y =" values for future reference
and use with JVELMA. (JPDEM does not "record"” outlet values anywhere.)

Note
There are currently four different JPDEM delineation algorithm implementations to choose
from.

We believe they all produce the same results (except possibly for cells on the edge of the DEM
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area -- which is an acceptable difference). However, they vary greatly in how long they take to
run. Use the "(Experimental)” algorithm for delineation: it runs significantly faster than any of
the other delineation implementations. In particular, do not use the "(PDEM-2)" algorithm,
which can take a very long time to run, even for small maps.
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