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[t] The U.S. Department of Agriculture Agricultural Research Service Southeast
Watershed Research Laboratory (SEWRL) initiated a watershed research program at the
Little River Experimental Watershed in 1967. Continuous rainfall measurement
across the watershed began at that time. Forty-six precipitation gauges and three climate
stations are currently in operation. Soil moisture measurements were added to
29 of the rainfall sites from 2001 to 2006. The research quantifies critical information
related to long-term and seasonal climatic relationships, hydrologic budgets for the
region, water quality studies, and natural resource planning. Rainfall data from the
network have been used to evaluate storm characteristics, climatic patterns,
and long-term averages for the region. Soil moisture data have been used to examine
large-scale patterns across the region and for comparison to remotely sensed data.
All data are available on the SEWRL anonymous ftp site (ftp://www.tiftonars.org/).

Citation: Bosch, D. D., J. M. Sheridan, and L. K. Marshall (2007), Precipitation, soil moisture, and climate database, Little River
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1. Introduction
[2] The Little River Experimental Watershed (LREW) is

in the headwaters of the Suwannee River Basin, a major
U.S. interstate basin that begins in Georgia and empties into
the Gulf of Mexico [Bosch ci al., 2007, Figure 1]. This
manuscript provides details on the precipitation, soil mois-
ture, and climate data, components of the LREW database,
fundamental data for agronomic, hydrologic, precipitation-
runoff, soil moisture, crop growth, and environmental
studies. These data provide a basis for evaluating spatial
and temporal variability in climate and soil moisture and are
maintained on the LREW database anonymous ftp site
(ftp://www.tiftonars.org/).

2. Data Collection
2.1. Precipitation Network

[3] The network currently measures rainfall across a
3750 km2 area [Bosch ci al., 2007, Figure 3]. The original
network was designed to characterize precipitation across
the 334 km2 LREW [Bosch et al., 2007, Figure 1]. Precip-
itation instrumentation within and immediately surrounding
the LREW were installed in the late 1960s and early 1970s.
Starting in 2001, instruments were added to many of the
sites to measure soil moisture and other climatic data in
addition to rainfall. The geographic locations of all current
stations are listed in Table 1.
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[4] Beginning in 1967, 55 weighing-type digital rain
gauge recorders [Brakensiek ci al., 1979] were installed
in, and immediately surrounding, the LREW. The original
network was designed to provide a relatively dense spatial
measurement on the headwater subwatersheds and more
sparse measurement on the remaining basin. Gauges in the
upper watershed were spaced approximately 2.4 km apart,
while those in the lower watershed were spaced 4.8 h
apart. The justification for this spacing was to provide more
accurate rainfall measurement on the smaller headwater
areas where variability in rainfall would likely cause greater
runoff variability.

[5] The precipitation network has undergone several
changes over time. Since inception some gauges have been
moved because of landowner requests and many have been
discontinued. Most moves have been less than 1 km. A
complete log can be found on the ftp site. Two major
changes have occurred since 1967. The network was
reduced to 31 gauges in 1982 to lower data collection time
and expense. The dense network in the northern headwater
areas was retained to minimize the impact of reduction in
instrumentation on studies in these watersheds. In 1993, a
portion of the rain gauge network in the lower portion of the
watershed was reinitiated to compliment water quality
studies. Beginning in 2003, 13 additional rain gauges were
added outside of the LREW in order to monitor a greater
portion of the Upper Suwannee River basin, bringing the
current number of rain gauges to 46, 31 of which are part of
the original network (Table I).

[o] The second major change occurred in early 1993, when
the original Fischer-Porter weighing rain gauges [Hamon ci
al., 1979] were replaced by Texas Electronics (Texas Elec-
tronics, Inc., Dallas, Texas, http://www.texaselectronics .
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Table I. Geographic Locations and Basic Descriptions of the LREW Precipitation and Soil Moisture Stations

Station
Type"

M
M
M
M
M
P
P
P
M
M
M
P
P
M
P
M
M
P
M
P
P
P
P
P
P
M
P
M
P
M
M
M
P
C
M
M
M
M
M
M
M
M
M
C
C
M

Station
Name

RGO8
RG 12
RG 16
RG22
RG26
RG27
RG28
RG3O
RG3 I
RG32
RG34
RG35
RG36
RG37
RG38
RG39
RG4O
RG42
RG43
RG44
RG45
RG46
RG47
RG48
RG49
RG5O
RG51
RGS2
RG59
RG62
RG63
RG64
RG8900
RG65
RG66
RG67
RG68
RG69
RG7O
RG7 I
RG72
RG73
RG74
RG75
RG76
RG77

UTMh Projection
Northing, rn

3486407
3490633
3494245
3498174
3501976
3502982
3502606
3507697
3507137
3507198
3509417
3509636
3509687
3511512
3511453
3510911
3511505
3513228
3513276
3512918
3512421
3514135
3515944
3515450
3514744
3516105
3517170
3516720
3485027
3488558
3490197
3488321
3481008
3503420
3506997
3495577
3477727
3512567
3485923
3475285
3464682
3478646
3463608
3488942
3437709
3484260

UTMh Projection
Fasting, m

255520
249416
256307
248094
252236
247150
242181
242201
244189
249514
244772
242232
239784
239007
241558
243605
246611
244905
242618
240212
237785
238489
238030
240344
242020
244913
242233
239361
259484
257111
258091
259444
254040
271329
253307
243410
275190
264878
269563
244221
255377
235268
277405
239318
245190
276846

Beginning of
Precipitation Record

Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1968
Jan 1971
Jan 1968
Jan 1968
Jan 1993
May 199!
May 2003
May 2003
May 2003
May 2003
Apr 2004
Apr 2004
Apr 2004
Apr 2004
Apr 2004
Apr 2004
Apr 2004
Apr 2004
May 2004

Beginning of Soil
Moisture/Climatic Data

Collection'

30 May 2003
19 Oct 2001
3 Jan 2001

29 Oct 2001
19 Dec 2001

ND
ND
ND

12 Dec 2001
3 Jan 2001

12 Dec 2001
ND
ND

29 May 2003
ND

29 Jan 2002
9 Oct 2002

ND
29 Jan 2002

ND
ND
ND
ND
ND
ND

24 Jan 2002
ND

29 May 2003
ND

Feb 1993
17 Oct 2001
19 Oct 2006

ND
28 May 2003
27 May 2003
28 May 2003
28 May 2003
21 Apr 2004
7 Apr 2004
14 Apr 2004
5 Apr 2004
14 Apr 2004
13 Apr 2004
22 Apr 2004
20 Apr 2004
3 May 2004

'P, precipitation stations with rainfall measurements; M, soil moisture stations with rainfall and soil moisture measurements; and C,
climate stations with rainfall, soil moisture, wind speed, and direction, solar radiation, air temperature, and relative humidity.

bUniversal transverse Mercator coordinate system, zone 17, NAD 83 datum, resolution ±2 M.

"ND no soil moisture or climatic data collected at this site.

corn!) tipping-bucket rain gauges (Table 2). The Fischer-
Porter gauges had a 203 mm diameter orifice and were
equipped with electronic timers which recorded cumulative
rainfall in increments of 2.54 mm at 5-min intervals. The
minimum rate that could be detected by the device was 30.5

mm hr-1 [Mills et al., 1993]. The Texas Electronics TE525
tipping-bucket rain gauges measure each 0.254 mm of
rainfall. The orifice diameter on the Texas Electronics rain
gauges is 154 mm. Each tip of the bucket is read by a data
logger, accumulated, converted to rainfall depth, and

Table 2. Chronological Record of the Rainfall Instrumentation, Precision, Reported Accuracy, and Recording Interval

Data Collection
Years

1967-1992
1993 to present

Instrumentation

Fischer-Porter weighing-type digital gauge recorders
Texas Electronics tipping bucket

Minimum Measurement
Precision, mm

2.540
0.254

Reported Accuracy,	Recording Interval,
mm hr 1	 mm

±30	 5
±0.5

"Soil moisture and climate stations are currently collecting ]-min rainfall data.
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Table 3. Instrumentation Used at the Climate Stations and Reported Accuracy

Measurement Type	 Instrument	 Reported Accuracy
Wind speed	 Met One Wind set	 0.4 km hr 1 < 36.5 km hr '. l% > 36.5 km hr'
Wind direction	 Met One Wind set	 40
Air temperature	 Vaisala	 0.2 to 0.5°C over range
Relative humidity	 Vaisala	 1%
Total solar radiation	 Li-Cor pyranometer	 5% max, 3% typical

recorded at a maximum time interval of 5 mm. According to
manufacturer's specifications, up to rainfall intensities of 5 1
mm hr-1 , the maximum error is 1% or 0.5 mm hr -1 (see
http://www.texasekctronics.com/).
2.2. Soil Moisture Network

[7] Stevens-Vitel Hydra probes (Stevens Water Monitor-
ing Systems, Inc.) have been installed at 29 of the precip-
itation sites. The purpose of the probes is to assess regional
soil moisture conditions in the rooting zone. The probes are
installed centered at three depths, 50, 200, and 300 mm. The
probes measure soil temperature and calculate estimates of
soil conductivity and salinity in addition to soil moisture.
Data from prior research indicate good agreement between
the Hydra probe estimates of soil moisture and observed
volumetric soil moisture [Bosch, 2004]. Measurements are
collected every minute and half-hour averages recorded.
2.3. Climate Network

[s] In April and May of 2004, instruments were installed
at three locations in the network to collect climatic data
[Bosch et al., 2007, Figure 3]. The collected data include:
precipitation, soil moisture, total solar radiation, wind speed
and direction, air temperature, and relative humidity. The
same instruments are used for precipitation and soil mois-
ture as for the other sites. The climate instruments used are a
Met One 034B wind set for measuring wind speed and
direction, a Vaisala HMP45C temperature and relative
humidity sensor, and a LI-COR L1200 pyranometer for
measuring total solar radiation (Table 3).

[9] The Met One 034B wind set is an integrated ane-
mometer and wind vane. The anemometer has an operating
range from 0 to 269 km hr - t and a starting threshold of
1.4 km hr-i. The Met One's wind speed accuracy is 0.4 km
hr for wind speeds less than 36.5 km hr , and 1% of the
reading for wind speeds greater than 36.5 km hr. The
wind direction accuracy is 4 degrees, with a resolution of
0.5 degrees (Met One Instruments, Inc.. Grants Pass,
Oregon, http://www.metone.com/) . The Vaisala HMP46C
is a combination temperature and relative humidity probe.
Reported accuracy of the humidity readings is 1%.
Expected error in the temperature reading is 0.2°C at
20°C but increases to 0.5°C at the measurement range
extremes (-39.2 and 60°C) (Vaisala, Helsinki, Finland,
http://www.vaisala.com/) . The LI-COR L1200 pyranometer
measures solar radiation with a silicon photodiode sensor.
The pyranometer measures global sun plus sky radiation in
the 400 to 1100 nm spectrum range, with an accuracy of 5%
maximum, 3% typical, according to manufacturer's speci-
fications [LI-COR, Inc., 1991].

[jo] The climate stations were sited to meet data require-
ments for determining reference crop evapotranspiration
[A//en, 1998]. They are situated over grass, away from
roads, trees, and structures. The climate instruments are

mounted at a height of 2.0 m on 0.6 m length arms attached
to the installation towers. The rain gauges and wind sets are
on arms directed toward the southwest and northwest,
respectively, since the prevailing direction of most wind
and precipitation generating fronts is from the west. The
pyranometer arms are oriented to the southeast to minimize
shading. The air temperature/relative humidity sensors are
oriented to the northeast.

2.4. Data Collection
[ii] All precipitation, soil moisture, and climatic data are

collected and stored by Campbell Scientific data loggers
[Campbell Scientific, Inc., 1999]. Raw data are examined on
a monthly basis for possible errors and archived annually.
Precipitation, soil moisture, and climatic data from each
LREW site dating back to inception of the network are
available on the ftp site (ftp://www.tiftonars.org/).

3. Data Processing
3.1. Precipitation Data

[12] Daily and annual weighted average precipitation are
calculated for each of eight studied watersheds within the
LREW [Bosch and Sheridan, 2007]. The watershed weight-
ed average depth ( P 1) is determined using the inverse
distance, or the reciprocal distance weighting technique
[Smith, 1992; Dean and Snyder, 1977]. Estimates of wav
made using this technique have been compared to observed
rainfall data and good agreement between the two found
[Simanton and Oshorn, 1980; Singh and Chowdhury, 1986;
Dean and Snyder, 1977]. Following this procedure, each
subwatershed in the LREW was divided into uniform grid
boxes. The watershed weighted rainfall for each subwa-
tershed is determined by assigning a rainfall total for each
grid box, summing the rainfall volume for all grid boxes or
partial grid boxes in the watershed, and dividing by the
watershed area. The amount of rainfall assigned to each grid
box j (P) is calculated as a function of the distance to
nearby gauges and the rainfall measured at those gauges:

(1)

where P i is the measured precipitation at gauge i and n is the
number of rain gauges used to estimate P. On the basis of
work by Dean and Snider [1977], P 1 was calculated using
the nearest four rain gauges, i.e., n = 4. The weighting factor
for gauge i, w, is

= d1 5 
(

d)	 (2)
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where d ij is the distance from gauge i to the center of grid
box j and dki is the distance from gauge k to the center of
grid box j. Simanton and Osborn [1980] determined the
exponent, b, could range from one to three without
significantly affecting the accuracy of the estimate. Dean
and Snyder [1977] found that for widely spaced gauges in
the Piedmont area of the Southeast, an exponent of two gave
the best results. For calculations within the LREW, b was set
equal to two. The watershed weighted-average precipitation
is then

(PA)
P.av = 

j=l 
A	

(3)
,, 

where m is the number of grid boxes over the particular
catchment, A 1 is the area within the watershed boundary
assigned to grid box j, and A, is the watershed area.

3.2. Soil Moisture Data
[13] The Stevens-Vitel soil moisture probes produce four

voltage readings which are stored for each probe along
with the time of the reading. The manufacturer provides
software to convert the measured voltages into temperature
corrected estimates of the complex dielectric which are then
used to determine the capacitive (real) and the conductive
(imaginary) parts of the soil's response. Temperature is
determined from a thermistor in the probe. The calculated
soil moisture is based on the temperature corrected real
dielectric constant while the soil conductivity, soil salinity,
and temperature-corrected soil conductivity are all based
upon both the temperature corrected real and imaginary
dielectric constants.

[14] Typical accuracies reported b?i the manufacturer are
±3% for soil water, ±0.0014 S m for soil conductivity,
±20% for salinity, and ±1°C for temperature. Calibration
equations for soil moisture are provided by the manufac-
turer for three different soil types, sand, silt, and clay.
Currently, for all sites in the LREW soil moisture network,
the equation for sands is used to convert the raw dielectric
data to soil moisture. This equation was found to be the
most accurate for the regional soils [Bosch, 2004].

3.3. Climate Data
[15] The- air temperature (°C), relative humidity (%),

vapor pressure (KPa), solar heat flux (W m 2), wind speed
(miles hr), and wind direction (degrees from north) are
measured every 5 s, averaged for each half hour, and stored.
Potential evapotranspiration (inches hr) is calculated
using the Penman-Montieth method and stored hourly.
Evapotranspiration is calculated within the data logger
program. At midnight, daily summaries of average, maxi-
mum, and minimum air temperature and vapor pressure,
average solar flux density, daily total potential evapotrans-
piration, average and maximum wind speed, average wind
direction, and total precipitation are stored.

4. Data Availability
[to] The precipitation, soil moisture, and climate data

from the stations are available from the anonymous ftp site
(ftp://www.tiftonars.org/),  maintained by the U.S. Depart-

ment of Agriculture, Agricultural Research Service,
SEWRL, Tifton, Georgia, USA. Updates and revisions to
the data collection system and the data are contained in
metadata files on the site.

[17] For the rainfall data, three sets of data are available,
the 5-nun and daily individual gauge data and the watershed
weighted daily data. For the soil moisture data, the 30-mm
volumetric soil moisture (cm 3 ciiu 3 ) data from the 50, 200,
and 300 mm probes are available. The 30-min averaged air
temperature, relative humidity, vapor pressure, solar heat
flux, wind speed, and wind direction, as well as daily
average, maximum, and minimum air temperature and
vapor pressure, average solar flux density, total potential
evapotranspiration, average and maximum wind speed,
average wind direction, and total precipitation are available.
The raw data are plotted on the SEWRL web site (http://
www.ars.usda.gov/saa/tifton/sewri) normally within one
day of collection. The processed data are available on the
ftp site following initial processing, normally twelve months
after data collection. Obvious and known errors have been
removed from all data sets and notes placed within data files
where corrections have been made.

5. Examples of Data Use
[is] Using 14 years ofLREW daily rainfall data collected

from 1968 to 1981, Mills ci al. [1984] examined patterns of
correlation coefficients between daily rainfall measured at
different gauges throughout the LREW and a rain gauge
located at the watershed center. Mills et al. [1984] concluded
that a 2.4 km spacing was needed to assure a correlation
coefficient of 0.9 for adjacent gauges throughout the entire
year. Rainfall data for individual summer storm events
separated by 1.9 km or less were found to be highly
correlated (r> = 0.9) [Bosch ci al., 1999]. For winter storm
events the correlation distance was 9.2 km. During the
winter months, the average duration between storm events
larger than 25 mm was approximately 12 days whereas the
duration between these events was just 4 days during the
summer. Maximum 30-min rainfall intensities were higher
for the summer period (198 mm hr) than for the winter
(102 mm hr') [Bosch ci al., 1999].

[19] The in situ soil moisture network provides data
representative of the mean behavior of soil moisture across
the assessed area, indicating its utility for long-term cali-
bration of remotely sensed soil moisture [Bosch ci al.,
2006]. Cashion ci al. [2005] used data collected from the
in situ soil moisture network to compare to estimates of soil
moisture obtained from the Tropical Rainfall Measurement
Mission Microwave Imager (TMI). It was found that the
TMI data provided good estimates of soil moisture when
vegetation levels were low but the accuracy of the estimates
decreased as the vegetation level increased [Cashion ci al.,
2005].

[20] Acknowledgments. The accuracy and reliability of the LREW
data attest to the efforts and dedication of the technical support staff of the
SEWRL. In particular. we would like to express our gratitude to Herman
Henry, Lynne Hester. and Rex Blanchett, who played key roles in the
installation and implementation of the precipitation, soil moisture, and
climate network. This is a contribution from the USDA-ARS. Southeast
Watershed Research Laboratory, in cooperation with University of Georgia
Coastal Plain Experimental Station. All programs and services of the U.S.
Department of Agriculture are offered on a nondiscriminatory basis without
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regard to race, color, national origin, religion, sex, age, marital status, or
disability.
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