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Notice

The U.S. Environmental Protection Agency through its Office of Research and Development funded
and managed the research described here under GPRA Goal 4, Preventing Pollution and Reducing
Risk in Communities, Homes, Workplaces and Ecosystems, Objective 4.3, Safe Handling and Use
of Commercial Chemicals and Microorganisms, Subobjective 4.3.4, Human Health and Ecosystems,
Task 6519, Advanced Pesticide Risk Assessment Technology. It has been subjected to the Agency’s
peer and administrative review and approved for publication as an EPA document. Mention of trade
names or commercial products does not constitute endorsement or recommendation for use.

Abstract

ORD numerical models for pesticide exposure include a model of spray drift (AgDisp), a cropland
pesticide persistence model (Przm), a surface water exposure model (ExAms), and a model of fish
bioaccumulation (BAss). A unified climatological database for these models has been assembled
from several National Weather Service (Nws) datasets, including Solar and Meteorological Surface
Observation Network (samsoN) data for 1961-1990 (versions 1.0 and 1.1), combined with Nws
precipitation and evaporation data. Together these Nws products provide coordinated access to solar
radiation, sky cover, temperature, relative humidity, station atmospheric pressure, wind direction and
speed, and precipitation. The resulting hourly and daily weather parameters provide a unified dataset
for use in coordinated exposure modeling. The data files, which include some derived data of use
to exposure modeling (e.g., short-grass crop standard evapotranspiration ET ) are publicly available
(gratis) on EPA's Center for Exposure Assessment Modeling (CEAM) web site at
http://www.epa.gov/ceampubl/tools/metdata/index.htm. By using observational data for models,
“trace-matching” Monte Carlo simulation studies can transmit the effects of environmental
variability directly to exposure metrics, by-passing issues of correlation (covariance) among external
driving forces.

This report covers a period from May 2, 2001 to December 27, 2004 and work was completed as
of December 27, 2004.


http://www.epa.gov/ceampubl/tools/metdata/index.htm

Foreword

Environmental protection efforts are increasingly directed toward preventing adverse health and
ecological effects associated with specific chemical compounds of natural or human origin. As part
of the Ecosystems Research Division’s research on the occurrence, movement, transformation,
impact, and control of environmental contaminants, the Ecosystems Assessment Branch studies
complexes of environmental processes that control the transport, transformation, degradation, fate,
and impact of pollutants or other materials in soil and water and develops models for assessing the
risks associated with exposures to chemical contaminants.

Eric Weber, Director
Ecosystems Research Division
Athens, Georgia



List of Symbols[units]

surface albedo or canopy reflection coefficient [dimensionless]. Standardized at 0.23 for
the FAO hypothetical grass reference crop (Allen et al. 1998:23). The albedo of water
surfaces for atmospheric radiation is 0.03, and for direct sunlight, 0.06 (Kohler and
Parmele 1967).

slope of saturation vapor-pressure curve at temperature T [kPa °C™];

_4098/0.6108 exp(1:375)|  [2503exp(#35)]

A — 4237 I+2373%
(T +2373)’ (T +237.3)°

For T in °F, A [inches Hg °F*] is (Lamoreux 1962)

2 Ea 2
T —exp(15.674) exp 2

(T +39836) (T +39836)

solar declination [radians]
psychrometric coefficient [kPa °C*] = 6.65x10*P

a is weakly dependent on temperature as well. & can alternatively be calculated from
y=c, Pl

(Burman and Pochop 1994:28). In this equation, c,, the specific heat at constant pressure
of naturally occurring moist air, can be taken as 1.013 kJ kg™ K™ (ASCE 1996:128), 4, the
ratio of the mole weight of water to air, is 0.622, P is station barometric pressure [kPa],
and é [kJ/kg] is calculated (following Harrison 1963) from dew-point temperature

(Burman and Pochop 1994, ASCE 1996): A =2501-23 61T,
psychrometric coefficient for Class A evaporation pan [kPa °C*] = 0.001568P
emissivity

latent heat (enthalpy) of vaporization (= 2.45 MJ kg™ in FAO standard (Allen et al.
1998:31)), calculated from dew-point temperature via 4 =2501-2361T

angle of the sun above the horizon [radians]
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[0) latitude [radians]

u solar time angle at midpoint of hourly period [radians]

0 Stefan-Boltzmann constant
= 7.88 x 10™ equivalent inches of evaporation cm? K* day™ (using FAO standard
enthalpy of vaporization of water of 585 cal/g)

e water vapor pressure [kPa]

e, atmospheric water vapor pressure, actual water vapor pressure [kPa] (= e;= 0.01 e RH)

e, saturation water vapor pressure [kPa] at temperature T [°C];
1727T
e (T)=06108 exp[—]
’ T+2373

e.-e, Vvapor pressure deficit

e, saturation water vapor pressure [kPa] at dew-point temperature T, (= €,)
a aerodynamic function in Penman equation [mm day™]

E. evaporation from small lake or pond [mm day™]

E pan evaporation [mm day™]

ET, reference or potential daily evapotranspiration for standard short-grass crop (FAO
standard method) [mm day™]

ETon reference or potential hourly evapotranspiration for standard short-grass crop (FAO
standard method) [mm hour]

G soil heat flux density [MJ m? hour?]

J day of the year (on January 1, J=1; on December 31, J=365; 366 in leap years)
P atmospheric pressure [kPa]

RH  relative humidity (%) = 100 x e /e,

R, solar radiation received on a horizontal surface at the top of the atmosphere

R, net broad-band radiation in units of equivalent depth of water evaporated [mm day™]



Rn(hr)

net broad-band hourly radiation at the FAO reference short-grass surface [MJ m? hour™]
global (direct + diffuse) solar radiation received on a horizontal surface [J cm? day™]
short-wave radiation received on a horizontal surface on a clear-sky day [J cm? day™]
temperature [°C]

mean hourly air temperature [°C]

mean daily air temperature, dry-bulb temperature [°C]

dew-point temperature [°C]

water-surface temperature [°C]

average hourly wind speed at 2 meter height [m s™]

average hourly wind speed at 4 meter height [m s]

Class A evaporation pan wind speed at 0.6 m height (about 2 feet; 6 inches above rim of
pan) [m s™]

daily wind movement at Class A pan [km day™] (at 0.6 m height)
daily wind movement over open water at 4 m height [km day™]
wind speed at 10 meter height [m s]

wind speed at 0.1 meter height over open water [m s™]
precipitable water in the atmosphere [mm]

dimensionless units for variable
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I ntroduction

Exposure models (e.g., Exams (Burns 2000), przm (Carousel et al. 2005)) used in EPA chemical
exposure assessments number weather data among their required input parameters. Although
“weather generator” software (e.g., Hanson et al. 1993, 1994, Nicks and Gander 1994) is available
and has been used for water resource and climate studies, it has been observed that the weather
sequences thus generated are weak in their ability to capture the extreme events that are usually of
greatest importance in exposure and risk assessments. For example, in a study (Johnson et al. 1996)
of the uscLIMATE (Hanson et al. 1993, 1994) and cLIGEN (Nicks and Gander 1994) models, the
authors remark that “[a]nnual and monthly precipitation statistics (means, standard deviations, and
extremes) were adequately replicated by both models, but daily amounts, particularly typical extreme
amounts in any given year, were not entirely satisfactorily modeled by either model. UscLIMATE
consistently underestimated extreme daily amounts, by as much as 50%.” In a study (Semenov et al.
1998) of waEN (Richardson and Wright 1984) (itself an element of USCLIMATE) and LARS-WG
(Semenov and Barrow 1997) at 18 climatologically diverse sites in the USA, Europe, and Asia, the
authors concluded that the Gamma distribution used in wGeN “probably tends to overestimate the
probability of larger values” of rainfall. This result, although opposite in tendency to that of Johnson
etal. (1996), is no less undesirable. Both models had a lower inter-annual variance in monthly mean
precipitation than that seen in the observed data, and neither weather generator “performed uniformly
well in simulating the daily variances of the climate variables.” Semenov et al. (1998) concluded that
failures to represent variance in LARS-wG and WGeEN were “likely to be due to the observed data
containing many periods in which successive values are highly correlated...”

The problem of accurately preserving parameter variability, and covariance among parameters, can
be bypassed by using observed synoptic data, and the pitfall of generating impossible input scenarios
(e.g., days of heavy rainfall coupled with maximum drying potential) can be avoided, given accurate
input datasets. Weather generator software can be problematic in this regard. For example, CLIGEN
generates temperature, solar radiation, and precipitation independently of one another, so the
covariance structure of daily sequences need not be preserved in the model outputs.

Here we report on the production of long-term (30-year) observed weather sequences for use in
ecological exposure modeling. The Weather Station Data Files (available at
http://www.epa.gov/ceampubl/tools/metdata/index.htm) contain weather data for 237 meteorological
stations for the (nominal) period 1961-1990. Two types of files were generated: “*.dvf” for daily
values file, and “*.hnn” for hourly values file. The daily weather files are used by the current
versions of PrzM and ExAMs; they also include values potentially useful for modeling of spray drift
of pesticides. The hourly data files serve as both source for the daily files and as a detailed data set
publicly available for inclusion in simulation models. The name of each file is of the form "wnnnnn",
where "nnnnn" represents the WBAN (Weather Bureau Army Navy) identification number of the
weather station. Daily files are of file type “.dvf” and “nn” denotes the last two digits of the year for
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each hourly file. For example, w25501.h65 contains 1965 hourly data for WBAN 25501 located in
Kodiak, AK. More information on WBAN numbers is available at
http://lwf.ncdc.noaa.gov/oa/climate/stationlocator.html

Data Sour ces
The following sources provided data for the generation of the hourly files:

4 Solar and Meteorological Surface Observation Network (sAmsoN) 1961-1990 data sets, Version
1.0, Sept. 1993.

4 National Solar Radiation Data base (NSRDB) version 1.1; NSRDB Hourly Data Files Text files
downloaded from http://rredc.nrel.gov/solar/old data/nsrdb/hourly/. These files provided updated
solar radiation parameters for the samsoN database.

4 Earthinfo NCDC Summary of the Day and Surface Airways, 2001. Provided daily and hourly
values for precipitation, and daily evaporation. Missing evaporation was calculated using the
Kohler-Nordenson-Fox (Kohler etal. 1955, Burman and Pochop 1994) Class-A Evaporation Pan
version of the Penman-Monteith equations.

SAamsoN (Solar and Meteorological Surface Observation Network) data were obtained from NOAA
(http://nndc.noaa.gov/onlinestore.html) as a three-volume cb-rom disk set containing observational
and modeled meteorological and solar radiation data for the period 1961-1990. SAMSON
encompasses 237 NWS (National Weather Service) stations in the United States, plus offices in
Guam and Puerto Rico. An additional five years of data (1991-1995) were acquired on cp from
Ncpc (National Climatic Data Center) as the Huswo (Hourly United States Weather Observations)
product. (Huswo is nominally an update to the samson files.) Combined data were then available
for 234 stations over 1961-1995. Weather stations used to deveop these data files are tabulated
according to their standard weAN (Weather Bureau Army Navy) number, along with station location
(City, State), geographic (latitude and longitude) coordinates, and station elevation (m), later in this
document.

The hourly samson solar elements comprise extraterrestrial horizontal and extraterrestrial direct
normal radiation; and global, diffuse, and direct normal radiation. Meteorological elements comprise
total and opaque sky cover, temperature and dew point, relative humidity, station pressure, wind
direction and speed, visibility, ceiling height, present weather, precipitable water, aerosol optical
depth, snow depth, days since last snowfall, and hourly precipitation. Weather elements in the
Huswo files include total and opaque sky cover; temperature and dew point; relative humidity;
station pressure; wind direction and speed; visibility; ceiling height; present weather; Asos
(Automated Surface Observing System) cloud layer data; snow depth; and hourly precipitation for
most stations. Stations for which hourly precipitation was not available are italicized in the station
tabulation.
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The original intent for this project was to develop a data base encompassing the entire 1961-1995
period. However, the Huswo cb-ROM, albeit formatted the same as samsoN, was discovered to lack
solar radiation data, i.e., the fields are present but marked as “missing data.” The published EPA
dataset was therefore restricted to the period 1961-1990.

Daily Data Files

File and Data Formats

The daily values were obtained by computing the mean over 24 hours, or by adding the values over
one day, as appropriate, from the completed hourly values data files. “Daily Values File” data files
(*.dvf) have the following format:

Field

OCO~NOURWNE

[
o

11

12
13

14
15

Columns
1

02 - 07
08 - 17
18 - 27
28 - 37
38 - 47
48 - 57
58 - 63
64 - 73
74 - 77
78 - 80
81 90
91 96
97 -102
103 -106

Description

Date

Precipitation

Pan Evaporation

Temperature (mean)

Wind Speed @10 meter

Solar Radiation

FAO Short Grass Eto

Daylight Station
Pressure

Daylight Relative
Humidity

Daylight Opaque
Sky Cover

Daylight Temperature

Daylight Broadband
Aerosol

Daylight Prevailing
Wind Speed @10 meter

Daylight Prevailing
Wind Direction

Daily values Fortran file format:
(1x,3i2, t8,f10.2, t18,f10.2, t28,f10.1, t38,f10.1, &
t48,f10.1, t58,f6.1, t64,f10.1, t74,i4, t78,i3, &

t81,f10.1, t91,f6.3, t97,f6.1, t103,i4)

cm/day

degrees Centigrade
cm/second
Langleys/day
mm/day

kiloPascal

percent
tenths of sky covered

degrees Centigrade
optical depth

meter/second

degrees (N=0, E=90,

Character
Integer
Real

Real

Real

Real

Real

Real

Real

Integer
Integer

Real
Real

Real

...) Integer

Format

10.1
6.3

6.1

i4

Fields 03 - 08 are daily totals or mean values (i.e., mean Wind Speed and mean Temperature)
Fields 03 - 07 units preserved from earlier PRZM meteorological files for compatibility

Fields 09 - 15 are mean values over daylight hours only (to support photochemical and spray drift
algorithms)

Hourly Data Files

Hourly values files (*.hnn) contain hourly data for the year 19nn. For example, w25501.h65 contains
1965 hourly data for Kodiak, AK. The hourly values file has a header containing identifying
information.



Example header record:

25501 Kodiak

AK  +9

Header field description:

Field Columns

02
08

1

2

3

4 39
5 42
6

47

48
53
57

58
63

Header format:

06
37

40
44
54
51
54

64
57

61
64

70
92

2
2
2

Description

WBAN id

City where the
station is located.

State where the
station is located.

Time Zone

Latitude of the station
N: North of the Equator
S: South
Degrees
Minutes

Longitude of the station

W: West
E: East
Degrees
Minutes
Station Elevation(meter)
Generation date of the
file, i.e, yyyy-mm-dd hh:
where

YYyy: year

mm: month

dd: day of the month

N 57 45 W 152 30 5
Type Format
Character 1x
Character a5
Character a30
Character a2
Character a3
Character al
Integer i4
Integer i2
Character al
Integer i4
Integer i2
Integer i4
Character al9
mm:ss

hh: hour (24-hour clock)

mm: minutes
ss: seconds

x, al, i4, 1x,
x, al, i4, 1x,
X, 14, 3x, al9)

i2, &
i2, &

Hourly data fields:

Field

2 002
3 012
4 016
023
030
039
048
057

061
065

= OO o4} ~ (o)} &)}

o

Columns

011
014
021
028
037
046
055
059

063
070

(1x, a5, 1x, a30, 1x, a2, 1x, a3, &

Description Units
blank N/A
Date yyyy-mm-dd

*Hour of the day Hour
Extraterrestrial *Wh/m2
Horizontal
Radiation (Ra)
Extraterrestrial Wh/m2
Direct Normal Radiation

Global Horizontal Wh/m2
Radiation (Rs)

Direct Normal Wh/m2
Radiation

Diffuse Horizontal Wh/m2
Radiation

Total Sky Cover
Opaque_Sky Cover
Dry Bulb Temperature

tenths of sky covered
tenths of sky covered
degrees Centigrade

2002-05-17 22:47:31

Character
Integer
Integer
Integer
Integer
Integer
Integer
Integer
Integer

Integer
Real

Format

1x
i4,1x,i2,1x,i2
i3

i5,al
i5,al
i5,a3
i5,a3
i5,a3
i2,al

i2,al
f5.1,al



12 072 - 077 Dew Point Temperature degrees Centigrade Real f5.1,al
13 079 - 082 Relative Humidity percent Integer i3,al
14 084 - 089 Station_Pressure *kPa Real f5.1,al
15 091 - 094 Wind_Direction degrees(N=0,E=90, ... Integer i3,al
16 096 - 101 Wind_Speed @1Ometer m/s Real f5.1,al
17 103 - 109 Horizontal Visibility km Real f6.1,al
18 111 - 117 Ceiling Height m Integer i6,al
19 119 - 120 Observation Indicator N/A Integer il,al
20 122 - 131 Present weather NZA Character a9,al
21 133 - 136 Precipitable Water mm Integer i3,al
22 138 - 144 Broadband Aerosol Optical_Depth Real 6.3,al
23 146 - 150 Snow Depth cm Integer i4,al
24 152 - 155 Days since last day Integer i3,al
Snowfall
25 157 - 164 Hourly Precipitation cm Real 6.2,a2
26 166 - 172 Eto, FAO Short Grass mm/day Real f6.2,al
27 174 180 Ep, Class A pan mm/day Real f6.2,al

Evaporation

*Hour of the day: The range of the hour of the day is 1h to 25h:
1h-24h: line contains data for the hour
25h: line contains daily values

*Wh/m2: Watt hour meter
Watt hour meter? is equivalent to 3.6e-3 MJoule meter
Watt hour meter? is equivalent to 8.59845e-02 Langley

*kPa: kiloPascal (1 kiloPascal is equivalent to 10 millibar)

Fields 26 and 27 represent daily totals. These fields are populated only when the hour of the day
(field 3) is 25.

Generally, each value has one or more character flags associated with it. When possible, the flags
associated with the original datum are transferred to the Hourly Values File (*.hnn).

“W” = Measured value (samsoN flag)

“B” = Calibrated (samson flag)

“D” = Deleted (samson flag)

“E” = Estimated

“-7 = Missing value

“R” = Datum from EarthInfo data 2001

“S” = Datum from samMsoON version 1.0

“T” = Datum from saAmMSON version 1.1

“U” = Unlimited in Visibility or Ceiling Height, or short-gap interpolation with either of the
endpoints being Unlimited or Cirriform.

“Z” = Cirriform in Ceiling Height data

“?” = Value is undefined, given the context, e.g., Dew point is undefined if the Relative
Humidity is zero.

“#”  =If the station is above the Arctic Circle (Latitude 66.5 degrees North), then the region

will be in darkness for a period of the year. This prevents the computation of, e.g.,
Daylight value of Global Horizontal Radiation and Reference Crop Evapotranspiration

(Et)



“A” = Accumulation (samson flag). The precipitation is distributed in the observation interval.
Missing values are denoted by “— "in the numeric value field and flag value of “-

Hourly values Fortran file format:
(1x,i4,1x,i2,1x,i2, 13, t16,i5,al, t23,i5,al, &
t30,15,a3, t39,i5,a3, t48,i5,a3, &
t57,i2,al, t61,i2,al, t65,f5.1,al1, t72,f5.1,al, &
t79,i3,al, t84,f5.1,al, t91,i3,a1, t96,f5.1,al, &
t103,f6.1,al1, t111,i6,al, t119,i1,al, t122,a9,al, &
t133,i3,al, t138,f6.3,al, t146,i4,al, t152,i3,al, &
t157,f6.2,a2, t166,f6.2,al, t174,f6.2,al)

Data Assembly and Processing
Assembly of Evaporation Data

GIS software (Arcinfo) was used to facilitate station identification and data assembly. GIS
evaporation coverages for Alaska, Hawaii, Guam and Puerto Rico were created by extracting from
the 2001 NCDC Summary of the Day Earthinfo CD-ROMS the coordinates of the stations that had
evaporation data for each pertinent state or region. An evaporation coverage for the conterminous
United States was created by extracting from the 1998 NCDC Summary of the Day Earthinfo CD-
ROMS the coordinates of the stations that had evaporation data.

To obtain evaporation data for the samsoN stations in the conterminous U.S. the following
guidelines were used:

- when available, data were taken from the cooperative network reporting station that corresponded
to the samsoN station of interest

- when the corresponding station was not available or had no data for the period of interest, a
nearby station was chosen according the following criteria:

- The station had to be located in the same climate region as the SAMSON station in question. To
determine the climate region, an image of the map: “Land Resource and Climate Regions of the
United States for EPA - Pesticide Study,” provided by EPA's Office of Pesticide Programs, was
used. This map was developed for the U.S. Environmental Protection Agency, Office of Pesticide
Programs, Environmental Fate and Effects Division under a contract with Oak Ridge National Lab
in 1999-2000. ORNL subcontracted to USDA/NRCS through the Conservation Technology
Information Center (CTIC) at Purdue. The work was carried out by NRCS staff Glenn Weesies
(West Lafayette, IN), Dave Lightle (Lincoln, NE) and Ken Pfeiffer (Portland, OR). The
EFED/ORNL project was entitled: “C-factor zone map of the U.S. to localize RUSLE applications
for various crops developed and supporting database completed which includes RUSLE crop,
climate, field operation, and C-factors.”

- Out of the stations located in the same climate region, we picked the closest one that had an
station elevation difference with the samsoN station of interest of no more than 500 feet.



- If the station chosen fell within 20 km of the samsoN station, the station was considered to be “on
target”. Stations that were more than 20 km away were considered to be “not on target”. The
maximum allowable distance for “not on target” stations was 200 km.

To obtain evaporation data for the samson stations located in Alaska, Hawaii, Guam and Puerto
Rico the above guidelines were followed except that the station chosen had to be located in the same
Major Land Resource Area (MLRA) as the samMSoN station in question, since no corresponding
climate region map was available for these areas.

Assembly of Precipitation Data

Daily precipitation files were created by extracting data for each station from the 2001 NCDC
Summary of the Day Earthinfo CD-ROMS.

Hourly precipitation files were created by extracting hourly data for each station from the 2001
NCDC Hourly Precipitation Earthinfo CD-ROMS.

Estimation of standard cr op potential evapotranspiration (referenceevapotranspiration ET )
The FAO Penman-Monteith equation for hourly time steps (Allen et al. 1998:74) is:

_ 0408A(R,,, — G+ sy (e (T, ) —e,)
A+y(1+034u,)

Y
U )

where ET,,, is hourly reference evapotranspiration [ mm hour™]
Ryon IS hourly net radiation at the grass surface [MJ m? hour]
G s soil heat flux density [MJ m™ hour]
T,, 1s mean hourly air temperature [°C]
A is slope of the saturation vapor pressure curve at T,, [kPa °C™];

[2503 exp( "?; 3)]
(7 39373

4 is the psychometric constant [kPa °C™]. The samson data files report station barometric
pressure in millibars (ImB = 0.1 kPa); after conversion to kPa, 4=6.65x10* x P (Allen et al.
1998:32).

e,(T, ) isthe saturation vapor pressure at T,

e, Is average hourly actual vapor pressure [kPa]

u, average hourly wind speed at 2 m height [m s™]

7
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This reference is accessible online at http://www.fao.org/docrep/X0490E/x0490e00.htm.

From the relative humidity measurements reported in the samsoN data files, actual vapor pressure
e, was calculated as

RH,,
100

eﬂ — lf.: I:IF:- )

where RH,, is hourly relative humidity [%], and e,(T,,), the saturation vapor pressure at temperature
T, is calculated from (Allen et al. 1998:36)

17271

e.(T,)= 06108 exp| —— =
(T) er.:, +23?.?J

Net radiation R, is the difference between net shortwave radiation R, and the net longwave
radiation R, at the hourly time steps:

Rn(hr) = Rns - RnI

The samsoN data files report hourly values of global horizontal radiation R, [Wh m]. Net hourly
shortwave radiation R, [MJ m? hour™] is the balance between incoming and reflected solar
radiation, given by

R, =360x10"(1-a)R, =360x107(1-023)R,

The factor 3.60x107 converts from [Wh m] to [MJ m™]; the albedo of the standard short-grass crop
is 0.23 (Allen et al. 1998:23).

Net longwave radiation R, was calculated as

R, = o[ T, +27315] (034 — 014 fe, ](135 % = 6.35}

l'\. =

o

in which the Stefan-Boltzman constant 6 has the value 2.043x10*° MJ m hour™. The ratio R/R,,,
the ratio of actual global horizontal radiation to the equivalent (theoretical) clear-sky shortwave
radiation, represents the effect of cloud cover and atmospheric aerosol. For calculation of R, for
hourly periods during nighttime hours, the ratio R/R, is set equal to R/R,, calculated for a time 2-3
hours before sunset, before the sun angle becomes small. The hourly period 2-3 hours before sunset
was identified in the samsoN files from positive (non-zero) values in the global horizontal radiation
field.
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For the calculation of R, (short-wave radiation on a clear-sky day),

R, =360x10"(K, +K,)R,

50

where the factor 3.60x107 converts R, from [Wh m?] to [MJ m?], and

Kg = the clearness index for direct beam radiation []

Ky = the corresponding index for diffuse radiation []

R, = extraterrestrial radiation on a horizontal surface, reported in samMsoN in [Wh m?]

The clearness index K was calculated from

nal
.y .-

K, =098exp| — i i 3 o.o?s[iJ
K, sing sin @

where

P = atmospheric pressure [kPa]; P converted to [kPa] from samson file hourly values [millibars]
W = precipitable water in the atmosphere [mm], hourly values read from samson files

K, isaturbidity coefficient [], 0<K<1.0; K,=1.0 for clean air and K=0.5 for extremely turbid air. The
parameters of the present version of this equation have been modified from those of Eq. 3-17 of
Allen et al. (1998:227) to conform with the “ASCE Standardized Reference ET Calculation,” as
suggested in (Allen 2000), based on studies of 30 U.S. stations. For calculation of R, K, was taken
as 1.0 (clean air), as suggested in (Allen 1996).

0 = angle of the sun above the horizon (radians); 6 is calculated as

Sin @ = sin @sin § + COS@Cos O COsS @
where
& = solar declination [radians]
¢ = station latitude [radians]
u = solar time angle at midpoint of hourly period [radians]

The solar declination a is calculated from

i . Fa EE -,
o= 0409smm| — J—I.SS‘J
365

where J is the day of the year.

The solar time angle u at the midpoint of the period is
T
i [t +0.06667(L, —L,)+S. —12]

where
t = standard clock time at the midpoint of the hour [hours, based on 24-hour clock]

9
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L, = longitude of the center of the local time zone [degrees west of Greenwich] (see Table 1)
L, = longitude of the measurement site [degrees west of Greenwich]
S, = seasonal correction for local solar time [hour]

Table 1. Standard U.S. Time Zones

Time Letter U.S.Name Central

Zone Meridian
+4 Q Atlantic 60W
+5 R Eastern 75W
+6 S Central 90w
+7 T Mountain 105W
+8 U Pacific 120W
+9 V  Alaska 135W

+10 W Hawaii- 150W
Aleutian

+11 X Samoa 165W

-10 K Chamorro 150E
(proposed)

“Time Zone” indicates hours to be added to local standard
time to arrive at Universal Time, Coordinated (UTC).
Time zones in the USA are defined in the U.S. Code, Title
15, Chapter 6, Subchapter IX - Standard Time. The U.S.
Department of Transportation is responsible for time zone
boundaries.

The seasonal correction for local time S, is (Allen et al. 1998:48)

S, = 01645sin(2b) — 01255cos(b)— 0.025sin(b)
_ 27(J - 81)
T 364

b

where J is the day of the year. J can be determined (Allen 1996) by

Y —_
J’=111tL2?5 5 —30+D|-2

where M is month number (1-12) and D is day in month; with the proviso that if M<3, J=J+2, and
during leap years, if M>2, J=J+1. Alternatively, J can be determined from (Allen 2000)

10
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+0975|

il M il . "M mod(¥.4
J’=DH—32—:111‘[L2?5?‘+21HTL L = (7:4)

‘ +1int

M+ 1/ 100 +
where

D,, isthe day of the month (1 - 31)

M is the number of the month (1-12)

Y is the year (e.g., 1990)

The diffuse radiation index K, was then calculated from K; (Allen et al. 1998:227):

Kp =0.35-0.36 K; for K >0.15 (parameters altered per (Allen 2000))
K, =0.18 + 0.82 K for K; <0.15.

Soil heat flux G is important for hourly calculations. Hourly G during daylight periods is
approximated as G,, = 0.1 R,, and during nighttime periods as G,, = 0.5 R, (Allen et al. 1998:55).
The coefficients in these equations assume a constant surface resistance r, of 70 s/m during all
periods. This may cause some under-prediction of ET, during some daytime periods and over-
prediction of ET, during evening hours. Precise estimates of ET,, for specific hourly periods would
require the use of aerodynamic stability functions and estimation of r, as a function of radiation,
humidity, and temperature. When hourly values are summed to 24-hour totals, however, these hourly
differences compensate for one another (Allen et al. 1998). Such functions were therefore not used
in assembling this dataset.

Estimation of Pan Evaporation and Free Water Surface Evaporation

Evaporation from the standard Class A pan is measured at numerous Weather Bureau stations. These
pans provide a measure of the integrated effect of radiation, temperature, humidity, and wind on
evaporation from an open water surface. The pans are, however, subject to some systematic
differences in their behavior from that of natural water bodies or crops. These differences include
energy exchange with the pan ambient environment through the pan walls, the differing albedo of
water and cropped agricultural surfaces, heat storage and thermal inertia differences between lakes,
crop lands, and evaporation pans, and differences in aerodynamic properties of the air immediately
above the respective surfaces. Adjustment of observed pan evaporation to estimate lake evaporation
and crop water use remains a useful and common procedure, however, and Field 4 of the database
retains measured/modeled pan evaporation in cm/day.

Observations of water lost from Class A pans are commonly suspended during Winter months, and
are subject to errors during rainfall events due to splash-out even when the pans are meticulously
maintained. For this project, the Kohler-Nordenson-Fox equation (Kohler et al. 1955, Burman and
Pochop 1994) was used to estimate pan evaporation from meteorological data. Where possible, the
estimates were correlated with observed pan evaporation on rain-free days at the station, from which
monthly correction/calibration factors were developed. Database field 4 (daily pan evaporation, cm)
was filled with observed data where possible, supplemented with modeled data (corrected by month-
specific calibration factors) to fill in missing values.

11
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The underlying equation is an adaptation of the Penman (Penman 1948, 1963) equation to the task
of estimating Class A pan evaporation E, [mm day™], as

. BR e,
Aty,

E,

In (Kohler et al. 1955), a psychometric coefficient &, specific to the Class A pan was created by
inclusion of an empirical adjustment that accounts for sensible heat conducted through the sides and
bottom of the pan. The psychometric coefficient is calculated from mean daily station barometric
pressure [kPa] via 4,=0.001568P; the values calculated with this relationship exceed theoretical
values of & as a consequence of the incorporated heat transfer component.

The aerodynamic function E, [mm day"'] in the Penman equation, specific to Class A pan
evaporation, was developed by Kohler et al. (1955) from data at four locations representing a variety
of climatic regimes (Vicksburg, Mississippi; Silver Hill, Maryland; Boulder City, Nevada; Lake
Hefner, Oklahoma). For this project, E, [mm day™*]was thus calculated as

E, =254{0295(e, —e,)}**(037 +0.00255u,)

where
e.-e, is the mean daily vapor pressure deficit [kPa] computed from hourly values of relative
humidity RH,, and air temperature T,,
u, is daily wind movement [km day*] calculated from hourly wind speeds at 0.6 m height

Effective net radiation for the Class A pan (the term AR,) is given by (Lamoreux 1962, Burman and
Pochop 1994:185)

(AR, ) = 1548 exp[(L8T, —180)(01024 — 001066 In(0.086 R_))] - 0.01548

where
R, is global horizontal radiation [Wh m day], derived from samson by summation over the day,
and
T, is mean daily air temperature [°C]

Here A [kPa/°C], the slope of the saturation vapor pressure versus temperature curve, was calculated
by the method recommended at (Burman and Pochop 1994:24):

2503 172

= —eXp| ————2—
(F £2373F | T .+£2373
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Pond and Lake Evaporation

Although based on limited data, the ratio of annual Class A pan evaporation to evaporation from
natural water bodies (e.g., small ponds) can be taken as 0.70, provided (Kohler et al. 1955)

1. Any net energy advection into the pond is balanced by the change in energy storage

2. airtemperature adequately represents surface water temperature, and, if an observation pan is the
data source (rather than a computed value as E;)

3. The net transfer of sensible heat through the observing pan is negligible.

4. The observing pan exposure is representative of pond conditions.

To account for the third point above, a “theoretical” pan (i.e., one not subject to sensible heat
transfer through its walls) is constructed by replacing the pan-specific coefficient &, with a standard
psychometric coefficient a calculated as &=0.000665P (Allen et al. 1998:32), giving

AR +E
ORI | | | T R
s = (070) =2

where AR, and E, are calculated as for pan evaporation above.

Evaporation calculated by this equation is generally designated “free water surface” (FWS)
evaporation in order to emphasize its somewhat theoretical nature, i.e., it can only apply in its
uncorrected form to small ponds meeting the four requirements listed above. This equation was used
in the production of the NWS Evaporation Atlas for the Contiguous 48 United States (Farnsworth
et al. 1982).

As might be expected from the admixture of a generalized annual coefficient (0.70) with shorter-
term calculations, the pan coefficient, i.e., the ratio E.,</E;, can vary considerably from month to
month. The value of the pan coefficient depends on climatic conditions in the area affecting thermal
properties of the exposed evaporation pan. Pan coefficients in the contiguous 48 United States were
observed to vary from 0.64 to 0.88 for the period May through October (Farnsworth et al. 1982:5).
Pan coefficients for colder months (November through April) were usually smaller than those of
warmer months. Coastal southern California offers an “extreme” example, in which pan coefficient
values range from 0.88 for the warmer months to 0.64-0.68 for the colder months.

The assumptions of the equations for free water surface evaporation (Penman 1948, Kohler et al.
1955, Penman 1963) were reexamined by Kohler and Parmele (Kohler and Parmele 1967). Because
several empirical factors were inferred from data, the units in use at the time were maintained for
this analysis. Their modified equation for evaporation E.,s [mm day*] from a free water surface
(FWS) is

13
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i - 4o (T. +27315)°
(R, - £0(T, +27315) ) A+ E |y + so(1, ) }
‘ ; f ()

E,.. =254
sl 4£0(T, +27315)°

f(w

A

where

E-ws is free-water-surface evaporation in mm day™ (converted via 25.4 mm/inch)

& is the broad-band emissivity of the water surface (=0.97 (Kohler et al. 1955:11))

0 isthe Stefan-Boltzmann constant in units of equivalent depth of evaporation, here with a value
of 7.87x10™ [inches cm™ K™ day™] (Kohler and Parmele 1967) using the FAO standard value
of é of 2.45 MJ/kg = 585 cal/g

R, is daily broad-band net radiation, expressed as [inches cm™ day™] of equivalent evaporation. The
sAMsON data files include hourly global horizontal radiation (R, [Wh m?]), and hourly diffuse
horizontal radiation (R, [Wh m™]). Taking the albedo of atmospheric radiation as 0.03 and the
albedo of incident direct solar radiation as 0.06 (Kohler and Parmele 1967), net radiation is
(0.97 Ry + 0.94(R, - Ry;)). Daily net radiation is then the sum of the hourly values, converted
to Langleys (cal/cm?), divided by the enthalpy of vaporization (585 cal/g), and converted to
equivalent inches of water evaporated (1g water /cm? = 0.3937 inches of evaporated water):

097R.. +094(R. —R..) .
R, = 0.086 % 03937 x g " =579 X107 (097 Ry + 094(R, — Ry )

T, is mean daily air temperature [°C]
f(u) is the wind function in the aerodynamic equation i.e., £, = f{u)[e?: - eﬂ]
The wind function f(u), in which u,, is daily wind movement at 4 meter height [km day™], is
flu)=0181+00014Tu,,
e.-e, Is the mean daily vapor pressure deficit [inches of Hg] computed from hourly values of
relative humidity RH,, and air temperature T,,. This quantity can also be calculated from
(Lamoreux 1962):

S ¥ L L
e. —e, =64133 x10° exp il ex il }

18T, + 43036 : 18T, + 43036

T4 mean daily dewpoint temperature [°C]

Uy is daily wind run [km day™] calculated from hourly wind speeds at 4 m height

a is the psychometric coefficient, taken as a constant 0.0105 [inches of Hg °F*], or calculated
from mean daily station barometric pressure [kPa] via & = 0.000108P.

A is the slope of the saturation vapor pressure versus temperature curve, here in units of [inches
of Hg °F]

Evaporation from ponds and lakes of any considerable size will vary significantly from FWS
evaporation. This can be appreciated by noting that larger lakes remain noticeably cooler than small
ponds for an extended period early in the year, and remain noticeably warmer for an extended period
during the Fall. Maximum lake evaporation can thus lag maximum pond or pan evaporation by
several months. The Lake Hefner study ((Harbeck and Kennon 1954), cited from (Merkel 1988))

14
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reported one to three years of evaporation data for four lakes, from which monthly multipliers for
Erws can be deduced. The lakes are

» Lake Okeechobee, Florida (maximum depth 5.2 m, mean depth 2.7 m, volume 57.6x10" m®)
« Lake Hefner, Oklahoma (maximum depth 29 m, mean depth 8.8 m, volume 9.2x10" m®)

* Fort Collins Reservoir, Colorado (maximum depth about 26 m), and

 Lake Elsinore, California (mean depth 7.5 m, volume 10.7x10" m®)

Monthly factors for these four lakes are given in Table 2 (Merkel 1988).

Table 2. Monthly factors for conversion of
free water surface evaporation E, to large
lake evaporation

Month Factor Month Factor
January  0.986 July 1.014
February 0.857 August 1.079
March 0.821 September 1.129

April 0.821 October 1.166
May 0.871 November 1.179
June 0.937 December 1.143

These factors are recommended (Merkel 1988) for use with lakes similar to the four lakes from
which the data were derived. (Merkel (1988) does not report variances associated with these
estimates.) Few data are available for larger or smaller lakes.

Conversion of wind speedsto standard heights

Wind speeds u reported by the NWS and incorporated into samson do not include a correction for
the height of the anemometer above the ground surface, which in many cases has varied significantly
over the history of the observing station. These histories were assembled using data at
http://lwf.ncdc.noaa.gov/oa/climate/surfaceinventories.html.

For this project, extrapolation of observed wind speeds to several standard heights was required:

1. The international standard height of 10 meters was used for wind speed data entered in Field 6
of the database (http://www1.ncdc.noaa.gov/pub/data/documentlibrary/tddoc/td6421.pdf).

2. Standardization to 2 meter height was required for calculation of FAO standard potential
evapotranspiration ET,.

3. Standardization to 0.6 meters (“nearly 2 feet above the ground level” (Farnsworth et al. 1982:3))
was required for calculation of pan evaporation and free water surface (FWS) evaporation by the
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methods of Kohler et al. (1955), based on the standard Class A evaporation pan anemometer.

4. Standardization to 4 m height under meteorological station conditions was required for
calculation of free water surface (FWS) evaporation by the method of Kohler and Parmele
(1967).

These corrections are usually made, in the absence of available detailed studies of the wind profile
at a site, by translation of observed wind speeds u at heights z, and z, along a logarithmic wind
profile defined by the equations (Brutsaert 1982:58):

ST " on .
uw_—zﬁ:?ln—‘

) \Z ./

e
L U, z
o-ton( 2)

£

for z >> z,,., where the subscripts refer to two levels in the wind profile, z,, is the momentum
roughness parameter, u. is the friction velocity, and k is von Karman’s constant.

For rough surfaces (most natural surfaces) the momentum roughness is commonly written as z,,,=z,
where z, is referred to as surface roughness length or roughness height (Brutsaert 1982). Proper
placement of the reference height d, (at which z=0) is somewhat uncertain for rough surfaces. For
densely placed somewhat permeable obstructions, which describes most crops, the reference level
d, (the zero plane displacement) is somewhere between the ground level and the crop height h; in
the FAO standard methodology d, is taken as 2h/3. More generally, then

Thus, to calculate the wind profile, the value of two parameters must be established: the zero-plane
displacement height d, and the roughness height z,, of both the observing instrument and the target
profile. The windspeed u, at a height z, above a surface with a zero-plane displacement of d. and
roughness height z,. is then conventionally calculated from the observed windspeed u, at height z,,
zero-plane displacement d, and roughness height z,,, from the relationship:

In[*2%]
u, = u, >

£
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The FAO reference surface is a hypothetical grass reference crop with an assumed crop height h of
0.12 m, a fixed surface resistance of 70 s —* and an albedo of 0.23 (Allen et al. 1998:23). For such
a crop, the zero plane displacement height d, (m) and the roughness length governing momentum
transfer z,,, are estimated as d, = (2/3)h =0.08m, and z,,, =0.123 h = 0.01476m. The calculation of
d as (2h/3) is fairly representative (Brutsaert 1982), although d/h doubtless varies as a function of
the density of the planting. However, as d appears in (z-d), the profile functions are not very sensitive
to its exact value, so long as z >> z,. In what follows, u,, designates wind speed at 10 m height, u,
wind speed at 4 m height, u, wind speed at 2 m height, and u, , wind speed at 0.6 m (=2 foot) height.

Table 3 gives momentum surface roughness and zero-plane displacements for selected surfaces.

Table 3. Aerodynamic parameters for wind speed computations

Surface Roughness Zero Plane Dis- Reference
Length z, (m) placement d, (m)

Open Flat Terrain (Used for 0.03 0.0 (none; few (EPA 2000)

Meteorological Stations) isolated obstacles)

Class A Pan 0.01476 0.08 Assumed approx.

Anemometer same as FAO Short

Grass

FAO Reference 0.01476 0.08 (Allen et al. 1998)

Short-Grass Crop

Open sea, fetch > 5km 0.0002 Depends on sea state  (EPA 2000)

Large Water Surfaces 0.0001-0.0006  Depends on sea state  (Brutsaert 1982)

0.000228

Forwind speeds at 10 m height derived from samMsoON observations, extrapolation along an observing
station site logarithmic wind profile was accomplished by taking d, =d, = Om, and z,, = z,; = 0.03m.
Inserting these numerical values in the equation for calculated wind speed u, at 10 meter height (i.e.,
calculating u,, from samsoN observations of meteorological observing station (airport) wind speed
u, at anemometer height z, [m]) yields

In(147502) 5.81
Uy = Uy — 7 ooy — Ua ;
111( e ) In(z, /0.03)
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Similarly, for wind speed at 2 meter height above the FAO reference short-grass crop surface u,,

In (356575 487
U, = U, oil = U,
In(375") In(z, / 0.03)

For computation of meteorological station wind speed at 4 m height (for use in calculation of free
water surface evaporation by the Kohler-Parmele equation (Kohler and Parmele 1967)),

In( 2-00- jﬂjﬂ )
=1, —(””UDD Ug) = 1 i
111( - ) In(z, /0.03)

For wind speed at the Class A pan anemometer height of 0.6 m (=2 feet) u,,

0.6 lﬂ(zaniﬂn?,-u) = In(z, /0.03)

For ExAms, the meteorological station wind speeds at 10 m height must be translated to a height of
0.1 m above an open water surface. This transformation is executed automatically by Exams during
the course of reading the meteorological data file:

ln( 010-0.0

N 0.000238 ) _

Upro = “m 10000\ 10524,
003
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Processing Sequence for Production of Daily Values Files (*.dvf)

4 The program “make_r0" generates all dvf files. The data structures are defined in GLOBAL.F90.
The derived type for each datum contains the source of the item, any flags associated with the
item, and its value.

4 Subroutine Driver0 (in file RAw_DATA.F90) reads several files containing general information
pertaining to each weather station.

* “SAMSON STATION NOTES.TXT” : Contains, for each weather station: the name of
the station, its WBAN number, location (State), latitude and longitude
(degrees and minutes), elevation (meters), and time zone.

* “ANEMOMETER HEIGHTS.PRN” : Contains, for each station, the height of the
anemometer (feet) during a given period (yyyy-mm-dd). The data were
collected from http://lwf.ncdc.noaa.gov/oa/climate/surfaceinventories.html.
Example:

03103 30 1950-01-12
20 1965-10-07

For weather station 03103 (Flagstaff, AZ), the height of the anemometer was
30 feet during the period Jan 1, 1950 to October 6, 1965, and 20 feet from
October 7, 1965 to present date. The elevation data is used to normalize the
sAMSON Wind_Speed value to 10 meters. If no instrument height was
available, assume the measurement was made at 30 feet (9.1 meter). A
reference height of 10 meters or about 30 feet is internationally recommended
as the standard, and anemometers are usually mounted as close to this height
as is practical. Station histories were not available for 24 stations; these (24)
instruments were assumed to be sited at a standard height to minimize
changes to the observed data.

e Driver0 calls an “internal standard” module (Internal Standard, file
RAW_DATA.F90), to verify that certain parts of the program are behaving
correctly.

* Finally, Driver0 calls Read_RO_L.ist, which reads the list of stations to be processed
(contained in 1.sAmMsON.LIST.TXT) and calls Process_One_WBAN_Station
to process each station.

4 Process_One_WBAN_Station (in RAW_DATA.F90)
4 Subroutine Station_With_Missing_Data: determines the completeness of the precipitation data.

The samson format document (file samson_format.txt) identifies some stations as *“Stations with
Little or No Hourly Precipitation Data ”.
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4 Subroutine Read_sAamMsoON_V1x reads and stores each samsoN data file (versions 1.0 and 1.1).
The module verifies that the values read are within the range described in the samson format
document (file samson_format.txt). The source of the datum and any associated flags are stored.
Values outside the prescribed range are considered missing. Any errors detected are issued to the
log file.

* Unit conversion is performed (e.g., hourly precipitation: from hundredths of aninch
to cm; station pressure: from mbar to kPa; wind speed normalized to a height
of 10 meters.

» The module also determines the maximum Ceiling Height and the maximum
Horizontal Visibility (over all years, nominally 1961-1990). (See
Process_Set, vide infra.)

* The undocumented value “990" was sometimes present for Wind_Direction (valid
range 0-360; missing value flag: 999). The observation was considered
missing.

4 Subroutine Issue_Years: determines which years will be output based on the precipitation record.
If the hourly precipitation was be incomplete (or missing), the daily precipitation record
Earthinfo NCDC Summary of the Day and Surface Airways, 2001 was examined to determine
which years had complete daily records. The year ranges present in the subroutine were arrived
“by hand”: a previous run of “make_r0" would show incomplete hourly precipitation for a
particular station. For that station, the NCDC Summary of the day would be examined and if
complete, the records would be exported so that “make_r0" would supplement the precipitation
on subsequent executions.

4 Subroutine Process_Set:

* Replaces the radiation data from samson v 1.0 with version 1.1.

* Read hourly and daily precipitation from Earthinfo CD.

» Coordinates the output of other processing modules.

* Horizontal Visibility field nominal range: 0.0-160.9 (kilometers). samson used the
value “777.7" to denote unlimited visibility. The flag value was replaced with
110% of the maximum unlimited visibility observed during the nominal
period 1961-1990. The datum was flagged with “U”.

* Ceiling Height field nominal range: 0-30450 (meters). The value “77777" denoted
unlimited ceiling height; “88888" denoted cirroform.. The flag values were
replaced with 110% of the maximum ceiling height observed during the
nominal period 1961-1990. The datum was flagged with “U” (unlimited) or
“Z” (cirroform).

» Gaps in the hourly data record were filled according to methods described in
National Solar Radiation Data Base User's Manual (1961-1990), NSRDB
Volume 1, September 1991, Section 5.2.1. The document may be
d o w n I o a d e d f r o m
http://rredc.nrel.gov/solar/pubs/NSRDB/NSRDB index.html. In general:

a Gaps of less than 6 hours were filled by linear interpolation between points
at both sides of the gap.

a Gaps of 6 hours to 49 hours were filled by copying data from the previous
(or following) day.
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= L onger gaps of 50 hours to 8784 hours (one leap year) were filled by
copying data for the same period from some other year.

¢ Standardize_ppt — ‘D’ (deleted) points are flagged “missing”; periods of missing data are
identified and all intervening hours are flagged missing. Accumulation periods, i.e., periods in
which only the total accumulation is known (e.g., 0.12 cm fell over five hours) are recorded for
later processing.

¢ Process BAOD (Broadband aerosol optical _depth (broadband turbidity)) — BAOD is not present
during nighttime. See fragment file below (13893_61.txt). To generate nighttime values: starting
at 1 h, find the first non-missing BAOD value, call it "rv". Replace all missing values during that
day with "rv". For the example, all missing values (99999.) for 1961-01-01 will be replaced with
0.034.

yy mm dd hh BAOD

61 1 1 1 99999.

61 1 1 : 99999. ! hours 2-6
61 1 1 7 99999.

61 1 1 8 .034

61 1 1 : .034 ! hours 9-16
61 1 1 17 .034

61 1 1 18 99999.

61 1 1 : 99999. ! hours 19-6
61 1 2 7 99999.

61 1 2 8 104

61 1 2 9 104 ! etc.

4 Process_Days_since_last_Snowfall — The samsoN value of (DSLS was sometimes missing or not
consistent with fields 4 and 5 of the Present_Weather flag. Algorithm: accept non-missing values
of DSLS, otherwise utilize field 4 (Occurrence of Snow, Snow Pellets, or Ice Crystals) or field
5 (Occurrence of Snow Showers, or Snow Squalls) to determine if snow occurred during the 24
hour period.

4 Daylight Prevailing wind direction: indicates the most frequent wind direction observed during
the daylight hours of a given day. (Wind direction indicates where the wind is coming from.).

Algorithm: First, determine the most frequent quadrant, which is defined as the quadrant with the
most observations. If there is atie, among the tied quadrants select the quadrant with the largest wind
speed. If tied, select the quadrant where the maximum wind speed falls closest to noon. The
prevailing wind direction is the median of the wind directions that fell in the most frequent quadrant.
The prevailing wind speed is the mean of the wind speeds that fell in the most frequent quadrant. See
subroutine DAYLIGHT_PREVAILING_WIND for complete details.
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Notesand Irregularities
Unless stated otherwise, these comments pertain to the samson CDs.

1 Two files (years) missing from the samson CDs: Burns, OR (94185): 1989, and Miles City, MT
(24037) 1990. In addition, the samson CDs also contained empty data files.

2 The files for WBAN Station Number 14847 (SAULT STE. MARIE, MI) were duplicated in two
CDs: 1961-1990: Z:\nrel0001\data\14847 , Z:\nrel0002\data\14847. The files were identical: same
date & size; A file by file comparison using cmp showed both sets were identical. All other "MI"
stations were present only in "nrel0002". So, the files in Z:\nrel0001\data\14847 were ignored.

3Some sAMsoN/HUSWO data files contained the undocumented value “E” (estimated) for the
precipitation flag. The samsonN present weather flag had values not described in the samsoN
document. These flags are described in Appendix C (Pages 48-49) of Database Guide for
Earthinfo CD"2 NCDC Surface Airways. The samsoN document was augmented to include the
missing flags.

4 Expected number of observations: 8760 (365*24) or 8784 (Leap year). Some HUSWO stations
are missing the observation for 1995-12-31 24h.

5 For some years, observations were taken every three hours.

6 sAmsoN v 1.0 files. The last fields (Hourly precipitation and Hourly precipitation flag) are not
written in the original samsoN file unless the fields are different from zero. For example
1961010101 ...(other parameters)... 10
1961010102 ...(other parameters)...
e.g., it rained 10/100 inches during the first hour; no rain (implicit 0) during the second hour.

7Wind Speed daily value == (Sum V_i) / 24

8 Evaporation formula: wind run == Sum V_i

9 If the station is above the Arctic Circle (Latitude 66.5 degrees North), then the region will be in
darkness for a period of the year, preventing the computation of, e.g., daylight value of Global
Horizontal Radiation, and Reference Crop Evapotranspiration (Eto)

10 Evaporation files from Earthinfo. Determine the associated Cooperative Station for a given

WBAN number (http://lwf.ncdc.noaa.gov/oa/climate/stationlocator.html)For the continental
USA:

11 Cooperative Stations Index:  http://lwf.ncdc.noaa.gov/oa/climate/surfaceinventories.html
http://lwf.ncdc.noaa.gov/oa/climate/stationlocator.html
ftp://ftp.ncdc.noaa.gov/pub/data/inventories/ COOP.TXT Historical cooperative station index.
Cooperative stations are U.S. stations operated by local observers which generally report max/min
temperatures and precipitation. National Weather Service (NWS) data are also included in this
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