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This report is a ccapilation of selected examples of research accomplish-
ments related to remote sensing by Agricultural Research Service (ARS)
scientists during calendar year 1981. A brief statement is given to
highlight the significant results of research projects. A list of 1981
publication and location contacts is given also, More details on specific
research projects and copies of publications can be obtained from the
specific location contact,

This report was sbstracted from the annual research progress reports
prepared by ARS research scientists and is part of the ARS Annual Report
on Soil, Water, and Air Research Accomplishments. Copies of the Annual
Report of the Soil, Water, and Air Sciences Research can be obtained from
Jerry C. Ritchie.

I would like to acknowladge the input of each ARS scientist whose research
contributed to this report and the assistance of Sara Jean Binder in the
preparation of the copies of the text.



Special Research Program
REMOTE SENSING

Remote sensing is a technology (tool) that has the potemtial to provide data for
many sction agency programs and ARS research programs. The ARS cesearch aission
in remote sensing is to develop the basic understanding of the soil-plant-~
snimal-atmosphere continuum in agricultural ecosystems and to determine when
remotely sensed data can be used to provide information about agricultural
ecosystems. Once these systems are understood, systems and sodels can be
developed that use remotely sensed data efficiently and effectively. Remote
sensing research is carried out under four general technological objectives as
follows:

1. Secure a better understanding of the emission and reflectance properties of
biological and physical parameters through spectrophotometric analyses in
the laboratory, in the field, aad from low altitudes and space.

2. Develop procedures for utilizing remote sensing techniques for identifying
crops and for measuring their acreage, stage of growth, and health as
affected by disease, insects, nematodes, weeds, and by other eavironmental
factors such as nutrition, saliritv, soil moisture, erosion, temperature,
and pollution.

3. Develop remote senging methods to improve water and 20il management, soil
erosion control (wind and water), sedimentation control, soil mapping,
watershed planning, water supply and runoff forecasting, and establishing
land capability.

4. Countinue efforts to investigate, develop, and utilize information obtained
from the unique characteristics of space~acquired remote sensing data which
are not available by ground and aserial means, and continue to develop the
use of that data to improve the speed, coverage, and accuracy of surveys now
done by conventional ground and aircraft techaiques.

Research under these technological objectives is funded and performed undeé the
appropriate National Research Program (NRP). The following locations and NRPs
contribute to the remote sensing progras.

SRP Contact: A. R. Grable/J. C. Ritchie

Research Locations and NPRs:

Weslaco, Texas 20220 Bushland, Texas 20760
Tifton, Georgia 20240 Houston, Texas 20760
Weslaco, Texas 20280 Temple, Texas 20760
Gainesville, Florida 20740 Weslaco, Texas 20760
Bushland, Texas 20740 Raleigh, North Carolina 20790
Phoenix, Arizona 20760 Watkinsville, Ceorgia 20800
Akron, Colorado 20760 Oxford, Mississippi 20800
Port Collins, Colorado 20760 Cclumbia, Missouri 20800
Gainesville, Florida 20760 Durant, Oklahoma 20800
Urbana, Illinois 20760 Pullman, Washington 20800
Beltsville, Maryland 20760 Tiftou, Georgia 20810
Mississippi State, Mississippi 20760 Boise, Idaho 20810
Sidney, Montana 20760 Beltsville, Maryland 20810
Mandan, North Dakota 20760  Durant, Oklahoma 20810

Pendleton, Oregon 20760 Temple, Texas 20810



Taxas Coior ratr IR togra s being used to compare areas
with ponhnnc boll weevil infestations and areas with insignificant bdoll
weevil infestations. In an effort to reduce overvintering boll weevil popula-
tions, an aerial survey using color IR photography is being developed to aid
regulatory agencies in verifying compliasnce of cottom plow~up regulations.
Compliance with these regulations reduces overvintering boll weevil populatioans.

Color IR used to detect white rust - Weslaco, Texas (20220). Color
IR aerial photography was used to detect white rust occidentalis)
infection in spinach. Differences between 4.8 and 7.1 percent infected leaf
areas were detected in variety plots. Pungicide treatwents can be initiaved et
this level of infection in order to protect the crop. This technology will
allov msanagement decisions to be made esrlier.

Technique develo ric conditions =
Weslaco, Texas Atmogspheric conditions can cause deterioratioa of color
IR film, requiring a delay of several seconds or longer between exposures of

single frames. A tachnique was developed that allowed moist air to eater the
camera, thus preventing dryiog of the film emulsion. Before this technique was
developed, at least two frames had to dbe exposed immediately before photograph-
ing the desired area. This technique will result in less film being used.

Radar detects insect movement = Tiftom, Gcor& (20240). An enrowological radar
was used to study the ﬁxghc behavior of insects and associated wind patterns.
Insect activity increased and generally reached a mmimum sbout one hour after
sunset. When insect layers occurred, the layers formed three or four hours
after sunset on clear anights with celatively stable air. Simultaneous measure-
ments of wind patterns frequently revealed winds that were not evideat on
synoptic charts. Insect dispersal undier these conditions was greatar than that
predicted from conventional modeling. Seversl heavily infested peanut aad
socghum fields were located with the aid of radar by detecting plumes of insects
leaving the fields. The plumes had half lives of about 15 minutes. The radar
also detected a cloud of insects etending at least 830 meters above a lighted
football field. Apparent.y, the insects' flight behavior was affected by the
lights which produced an accumulation of insects sbove the footdall field.

Cooperative research improves entomological radar information - Tiftom, Georgia
(20240). NASA (Aallops lsland, VA) brought equipment to Tifton, GA for a J-week
field exercise. Radar video and antenna position informacion from the USDA
cradar was digitized by NASA and recorded on magnetic tape. The hardware
exceeded reliability expectations and was able to digitize 1000 successive
points from every fourth radar pulse. The fastest sampling rate was 10
nanoseconds per point (every 1.5 meters in range). Software for interprering
the radar data indicated that the sempling system could produce qualitative data
similar to the conventional USDA radar display.




Field verification of radar detection of insects ~ Tiftom, Goorgia (20240), '
PTumes of dispersing iInsects emanating from point sources near !I!con. Ceorgia
were detected 13 to 30 minutes after sunset during August and September of 1981,
Two different fields of peanuts and sorghum were identified as contributing or
responsible for the plume effects. Subsaguently, observations were made oa
successive nights to correlate insect flight sctivity with RADAR sightings. The
peak activity observed at canopy level and sbove corresponded to the time and
appearance of plumes sighted oa BADAR, indicating the usefulness of RADAR for
deternining insect movement.

Weeds detected with serial photography - Weslaco, Texas (20280). Reflectance

data from plant canopies genera.ly showed greater weed-crop species differences
at 0.85 i (photographic IR) than 0.55) (visidle). These data predicted that
color IR (CIR) photographic film would detect weed populations in several crop
species wore efficiently than would conventional color (CC) film. Climbing
milkweed (Sarcostesma cyanchoides) reflectances at 0.85 4 were greater than
those over orange tress; CIR film was superior for ssrial survey at 5,000 ft.
(1524 m) elevation. Reflectance (0.85j4) over white-flowered ragweed
(Parthenium hysterophorus L.) was greater then over bell pepper. Reflectance
(0.5% A ) vas greater with johnsongrass than with maturing grain sorghus and
detection at 60,000 ft. (18,000 m) elevations with CIR film correlated well with
ground truth dats; 185,000 acres (75,000 ha) were survey in each photograph.
These type of data can be used to compute acreages of weed populations in
cultivated crops.

Thermal inertia maps of Florida develo ~ Gainesville, Florida (20740). Work
has been undertaken to develop th nertia maps of Florida using remotely
sensed and other data. Preliminary findings show that surface thermal inertia
is highly ~z-related to the soil drainage class. The excessively drained and
well-drained soils have lower thermal inertias and larger ranges of daily
maximm and minimus temperstures., The poorly-drained soils, wetlauds, and
especially bodies of water have higher thermal inertias and smaller ranges of
daily maximm and daily sinimum temperature. These studies indicate the
potential use ~f remotely sensed data for detecting drainage prodleams.

Tull season spectral data set for water stressed wheat, barley, corn, sorghus
and sunflower collected - Bushi 2 season spectral data
were taken once Or twice a week on several treatments of water stressed wvheat,
barley, corn, sorghum, and sunflower using a Mark II 3-band radiometer.
Canopy-air teamperature differentials were taken daily during stress periods for
characterizing stress using a stress~degree~day or crop water stress index
approsch., Additional periodic water status measurements taken for evaluating
deficits or stress were soil water; leaf water, osmotic and turgor potentials;
and leaf diffusive resistance and transpiration rate. Plant messurements made
for correlation with spectral reflectance were green leaf area, green and dry
biomass, ground cover, and development stages, Analysie of the axtensive data
collection will permit an evaluation of the use of remotely sensed data for
early detection of stress in crops.

Infrared thermometer (IRT) measurement of sunlit leaves best for irrigation
scheduling - Bushland, Texas (20740). The IRT was test or evaluating plant
vater aoixcxu and the need for irrigation on 6 crops (wheat, barley, cocn,
sorghum, soybean, and sunflower) as a remote sensing measurement. The data
suggest that when the IRT is used by a ground observer for assessing water

deficits and scheduling irrigation, that it be used only for sensing
teapacratures of upper sunlit leaves, perhaps using a down-the-row integration




of many plants. Stress in corn was detected with the IRT before it became ,
visually evident, which could enhance its usefulness in irrigation scheduling of
a stress sensitive erop,

Crop water stress index applicatie under varied envirommental conditions -
Phoenix, Arizona (20760)., A crop water stress index was evaluated for
well-vatered alfalfa at & locations in the United States. It was found that the
index described the plant water stress equally well in Arisona, Kansas,
Nebraska, and Minnesota. This demonstrsates the applicability of the crop water
stress index under a wide variety of environmental conditions. The index has
been shown useful for quantifying crop stress for the purposes of scheduling
irrigations and for predicting crop yields.

Atwospheric conditions affaect satellite data interpretations - Phoenix, Arizona
20760). A turbid atmosphere can considerably reduce our ability to
discriminate between stressed and nonstressed vegetation using sstellite~derived
spectral reflectance data. Ground measured data are useful for developing
relationships between agronomic parameters and remotely sensed parameters, The
extension of the ground data to what wovld be measured from a sensor on &
satellite requires sccounting for atmocnheric effects. The results show that
atmospheric turbidity could greatly influence our interpretation of satellite
reflectance parameters.

Theoretical stress model applicable in arid and humid regions - Phoenix, Arizona
years (one very one wet) have showm that the
theoretically drived crop water stress index is well correlated with corn yield,
mainly because of the accounting for net radiation, a necessary requirement for
cloudy conditions, This is the first instance wvhere a yield msodel developed
under arid conditions has predicted yields in a humid enviromment. '

Hot wind effects on vinter wheat develo t and yield defined - Akron, Colorado
20760). Hot wind damage to winter wheat is the most severe when the plants are
in the heading-to-flowering growth stage and decrease from these growth stages
to maturity. At heading and flowering the plants abort coamplete tillers, during
the milk growth stage heads abd.ct kernels and kernel weight is decreased and
after milk growth stage weight per kernel decreases.

Simulation model for growth initiation in wheat developed - Akron, Colorado

. A dynamic materials balance model to simulste the growth, development,
and grain yield of winter wheat has been developed. The sensitivity of the
model to climate, soil water, and soil autrient factors has not been fully
determined and is anticipated to be an ongoing process as cultural systems
change and new varieties become available. The prediction of growth initiation
after vinter dormancy, one of the criteria necessary for the success of any
winter vheat sinmulation msodel, has been successfully modeled,

Snowpack model developed - Fort Collins, Colorado (20760). A model was
developed to simulate a shallow-type snowpack which occurs during the overwinter
period in the central and northern Great Plains. The model uses standard data
from Class A weather stations. Uring data from Mandan, North Dakota, tests show
a good sipulation of snow water content with snowpack accretion (depth). The
model can be used in winter wheat growth and yield models to help identify early
warning of winterkill and estimates of spring water content.




¢ data sets collect
models are nov in the final stages of cleaning, the errors have been cervected,
ed missing values estimated, TPor all the weather parameters measured, isolated
mnissing hourly values were interpolated. Whare s substantial oumber of hourly
values were missing, daily estimates were made for six of the parameters. These
vere average soil temperatures at 1 and 3 cm depths, solar radiation, naisum
snd minimum air temperatures, and precipitation. The set will be availadble to
wodelers to validste wheat modals,

Wheat model dnclofg = Port Collins, Colorado (20760). A simulation model for
estimating wheat yields has been cowpleted, The literature was reviewed and
algorithms developed for estimating the water use, phenology, and grain yield.
The Priestly-Taylor equation was used for estimating evapotranspiration. The
germination and initial growth was developed as s function of moist soil degree
daye. Algorithas were developed for estimating the tiller development and
subsequent tillor deaths. The grain yield was estimated based on enviroument
following jointing and on to maturity. The model also estimates leaf ares
development and senescence. The model was partially tested against a datz set
from Akron, Colorado, and gave reasonsbla data.

Leaf area in soybean related to date of transition from vegetative to
reproductive growth = Gaicesville orida . Leaf ares development is an
important variable in in fluencing crop t, ssimilation. Dats were collected
under field conditions to determine possible varisbility in the rates of leaf
production among 35 soybean cultivars (ranging from saturity group 0 to VIII),
In fact, all cultivars had essentially the same leaf production rate showing a
linear temperature response. The wain veriable in determining final crop leaf
area was the date of transition from vegecative to reproductive growth. This
transition occurred earliest in the more northern lines thereby reculting in
fewer leaves. This information is necessary for accurate simulation of soybean
yield,

Soybean management model dweloa? and tested - Urbana, Illinois (20760). A
soybean crop growth el 801l water balance model were combined to study
the effects of irrigation management strategies on soybean yield end profit,
The combined model was used to simulate field plot irrigation experiments in
Gainesville, Florida. Simulated yields were found to coampare favorably with
experimental yields. Seventeen years of historical weather Aata wers used to
study the effects of various irrigation strategies on expected yield and profit
when using & center pivot irrigation system. Strategy components were allowable
soil profile depletion and amount of water per application. Uncertainties, or
risks, associated with yield and profit for each strategy were expressed as
variances of simsulated yi.lds and profits resulting from year-to~ yeac
variability in weather. Results of the model indicate that a strategy of lighe,
frequent irrigation with incomplete wetting of the depleted soil profile

max imizes expected profits for sandy soils under uncertain rainfall distribution
patterns. Results also suggest that risks associated with profit and yield are
reduced by this irrigation strategy. (University of Florida)

Soybean leaf photosynthetic controlled by day'-ngth - Urbana, Illinmois (20760).
Leaf photosynthetic rates within a genotype -c¢ controlled by day length during
the vegetative snd flowering states. Such leaf photosynthetic rates were

correlated with the degres of pod set which, in turn, was controlled by the day



length during the floral period. By coatrolling the timing of flowering and pod
set and tha degree of pod set among genotypes via daylength manipulations,
meaningful cowparisons of leaf photosynthetic rates should be possible.

Spectral measurements related to corn yields - Beltsville, Maryland (20760).
Significant relationships were tween corn grain yield and remotely
sensed reflectance. One year's corn yield dats, from ground based experiments,
shoved that about 50 percent of the variation in yield could be associated with
spectral measurements in wavelengths corresponding to Landsat=D's thematic
mapper bands TM3 and TMA. TMS informational input was about the same as T3
input but slightly less sensitive in this nondrought stressed experiment.

Improved algorithms develo for vheat model - Mississippi State, Mississippi

. A mechanistic, iterative system for calculating leaf tesperature, leaf
water potential, transpiration and soil water evaporation was developed and
partially incorporated in the WHEAT model. The soil temperature subroutine of
the RHIZOS section of WHEAT was replaced by a more general one for use in
grassland models. A wodel simulating the active uptake of smsonium, nitrate,
and phosphorus was incorporated in the RHIZOS section of WEZAT. The <
techniques will improve the accuracy of the simulation of wheat growth.

Cotton model (GOSSYM) improved and validated - Mississippi Stsce, Mississi
to produce no more than one vegetative
branch nnd to partition photosynthate with a prefecence for fruit grovth.
Certain changes in RHIZOS were nade to accept & particular type of soil input
data from validation efforts in Iirael. With these changes in place, GOSSYM was
run with 57 soil/climate dats sets representing 19 different locations and 3
years in Israel. Seasonal time courses of predicted plant height, numbers of
fruiting sites, squares and bolls, as well as weights of stem, leaves, and bolls
per plant were compared against real data. Agresment between the model and the
real crop characters were excellent. A few exceptions in fruit aumbers
occurred, suggesting a fev instances of insect damage which were not simulated.

Verification has been completed. The 1dation
runs against data from a 1979 Mississippi ccop revealed deficiencies in the
mechanisa for controlling leaf and petiole abscission. Inserting additional
criteria for leaf drop partially solved this problem. Some of the parameter:
controlling organ expansion required modification. A comparison of observed aud
simulated organ dry weight gains suggested that photosynthetic efficiency
incressed over the season. Confirmation of this and a rationale to wodel it are
being sought. Early validation runs against dry and irrigated 1980 Florida
crops were encouraging.

Wheat stand densities detected by air~borne radiometers - Sidney, Montana
(20760). Aircraft overflights showed that air-borne radiometers corresponded
closely to handneld radiometers io delineating variable vheat densities at <0,
40, and 100 percent of normal seeding and that near IR to red ratios at the
heading stage were closely related to grain yield. The development of this
capability will help in detecting winterkill of winter wheat, predicting yields,
and potential need for reseeding to spring wheat.
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rorncu:i. annusl herbage preduction on rangelands - 8ida Moatana (20760Q).

og

hilccriul climatic data was developed. The first forecast is made at the
beginning of the growing sesson and can be updated periodically to the time of
peak standing crop. Utiligzing available soil water at the begianing of the
growing season as initiai boundary conditions, the model calculates a yield
index for each year of historical climatic dats used. A mean and confidence
interval can be calculated and used to maks yield forecasts st various
probability levels. 1In & cooperative project with the Bureau of Land Management
(BLM), this forecasting technique was applied to over 40 range sites in eastern
Montana during 1981. The results were usad by BLM persoanel in their resoucce
planning.

Wheat yield variations measured as part of wheat model validation data set -
Mandan, North Dakota (20760). Over a porzod of J yeaars at 13 AGRISTARS tleld
Tocations ard % experimental sites, grain yield varied from 940 to 3982 kg/ha
based on 225 and 101 obeervations on hard red spring vheat (HRS) and durum
cultivars, respectively. The number of heads/unit ares accounted for 49 percent
of HRS grain yield variability, kernels/head for 21 percent and kernel weight
for 23 percent. By contrast, in aumber of hesd/unit ares sccounted for 2l
percent of the durum yield variedility, kernels/head, for 43 percent and kernel
weight, for 34 percent. This dets will de used to validate vheat yield ad
growth models. '

Wheat yield related to growing degree units (GDU) - Mandan, North Dakota

To develop an ucum wvheat to soil
and mviromnnl. parameters, vheat cultivars were observed at least thrice
veekly and sampled as needed to evaluate rate of phenological development and of
dry matter accumulation in relation to mmbient temperature, expressed as GDU,
All but one cultivar of HRS and durum wheats developed 8 leaves. Rate of leaf
insertion and development as well as the four growing stages after full flag
leaf expansion require about 80 GDU/event. About 930 GDU (C°, base = 0) are
required froa emergence to anthesis, stage O to stage l1.6 Haun scale. Cry
matter accumulation in HRS and durum wheat grain, from sathesis to maaximua
accuaulation requires about 750 GD”.. Over the linear accumulation phase (the
accumulation curve is sigmoid) HRS cultivars require 25 GDU/mg/kernel and durum
17 GOU/ag/kernel.

A plant-centered measure of environmental itress in cereals - Pendleton, Oregon
A oew method of specifying eazh leaf and tiller on a cereal plant
peruits the life history of a crop to be followed during its development. Areal
seedings produce specific tillers at definite "windows" of time unless stress
occurs. Stressed seedlings omit or delay production of those tillers vhich were
due to appear during the period of stress. After stress has been relieved, the
plant returns to the normal pattern of tiller production. Thus, by looking at
the specific tillers present on & plant, it is possidle to determine whether the
plant has been stressed and the approximste time of the stress.

Stress indicator wodels develo for Poreign Agricultural Service (FAS) -
Houston, Texas . Developmen. and testing of the Maize streass indicator
model with domestic meteorological amd ground tryth dats were continued. A
grain sorghum stress model vas developed and is being tested further.
Parmeters and threshold values vere defined for a sugarbeet planting/harvest
stress indicator model. A literature search has begun to initiate the in-house




development of a stress model’for cotton crops. luwprovements have been
developed and evaluated for datermining the degres of hardening in wiater wheat
and for sccuracy of the Robertsou wiater wheat crop calendar. These models are
for use by FAS to moanitor crop <onditions worldwide.

Soybean stress model being do%qd = Houston, Texas (20760). Work continued on
the conversion aptation o the RIl1 So;cn Model as a global predictor of
stress. Ground truth information wes collected and collated with meteorological
data for model testing and evaluation. Studies began on program adjustments,
particularly phenology reorganisation, to include all major South Americen
maturity grours. A preliminavy model was delivered to thea in-house technical
monitor for evaluation.

User-oriented wheat yield model develo
computeris el of vheat praduction was P

snalysis, in large area yield estimation, and in economic policy enalysic. The
daily incrementing wodel was designed to take a minimum amount of inforsation
regarding soils, management, genetics, snd westher to calculate the estimated
yield along with othur information regarding the grain numbers, grain weight,
biomass production, tiller and head numbers, end soil vater dalance. Use of
quantitative genetic specific constsats has made it possible for the model to te
generally applicable for spring or winter wheat and requiring no cegional
calibration and is relatively accurate when comspared to measurements from
research plots in several countries.

- Temple, Texas (20760). A

New technique develo to improve the lirmits of soil water availability to
0

Tants - Temple, Texas . Meld measurements of the soil water content at
the lower limit (wilting poiat) and upper limit (field capacity) are often quite
different to approximations of those limits made in laboratory determinations.
Equations were developed using only combinations of soil texture percentages to
estimate the limics of water availability and found them to correlate well vith
field-meseured limits. This will mdeke possible a more accurate large-scale

mapping of plant available water liaits for the U.S., a critical factor in the
evaluation of vater deficit iapact on yield,

Satellite and ground collected solar radiation data comparod - Temple, Texas
. Hourly solar radiation data were collect
U.S. representing contrasts in altitude, latitude, and longitude for further
testing of the capability of using geostationary satellite inlormation to
estisate daily solar radiation. This progrma is, in additica to an existing
operational satellits system, being tested for all the U.S. east of the Rocky
Mountains., The specific tests conducted are providing information regarding the
generality of the methods being used in the operational system. Information
obtained in 1981 indicates that comsistent deviations f_om present estimation
proceducas occur in humid regions neac the Gulf of Mexico on mostly clear days.

Corn growth wodel under develo t - Temple, Texas (20760). The description of
corn vegetative growth was found to possible using only 2 genetic specific
parameters. These are the basic degree~day requirement for tassel initiation
under short photoperiods and the photoperiodic sensitivity of tassel initiatiom.
Pinal lcaf number can be determined from the length of the interval from
seedling emergence to tassel initiation. Date of tasseling, in turn, <sn be
deternined from final lcaf number. Potential kernel nusber/ear is determined
using the average rate of photosynthesis during & fixed time interval near



silking., Short-term stresses in this interval can have drastic effects oa final
yield. Reproductive d.ovelopment and yield are described by two genetic specific
parameters~-length of the tasseling to saturity interval and rate of grain fill.
All growth processes in the modil are affected by 40il water defici:s that are
avaluated with e 0il wrier balance submodel. Teccing of various parts of the
asdel using available Jata sets is being done to evaluate the genersiity) of the
wodel.

detected an atmospheric layer tha’ \ﬁih not vtoibh to ground observers,
retards the earth's radiation loss to space on a ‘reese night. This sstellite's
ability should have an important application in real-time freeszs forecasting.
Knowledge of the presence cf the retarding layer would justify en upward

revisicn of forecasted minimum temperatures to s«ve growers from using expensivs
freeze protection measu:ses.

Technique for measureuent of reflectance factors devele ﬁ - wuluo= Texas
q ng reflectance factors in diurnal

intonucmn cloud insolation coaditions using lLiaxndheld radiometers has been
developed. The estimated creflectance factors of four relerence panels, using
the MARK2Z three—band handheld radiometer, agreed closely with the expected
reflectance, measured with a laboratory spectrophotomater, over a wide cange of
insolation (from 20 to 91 wW/cm?). This technique will be useful to schieve
uniform refiectance factors for small-scale remote sensing field studies where
irradiance is coatinually changing.

Procedure for following crop development and stress ~ Weslaco, Texas (20760),
Heat Capacity Mapping tesperatures for sorghum, citrus,
sugarcane, cotton, and pastures were uluod to vegetation indices that were
calculated from LANDSAT data acquired within four days of the HCMM overpass
dates. Vegetation indices can be automaticslly computed from satellite data and
are ralated to plant cover amourt in row crops a7d rangeland. Thecefore, it is
expectad that surface temperatures obssrvad by operational meteorological
satellites would be related to vegetation indices and would be useful to follow
seasonal crop developmeut and .0 detect stresses such as drought.

Aridity index bei
Texas iiaﬂm y ' istence inland cocresponding %o

change from mix.d irrigated cropland to rangeland in the interior and to
area-vide rainfall. Por universal aspplication, an sridity index is bdeing
developed from the twn thermal channels of the meteorological satellite,
caximum and sinisum sir temperatures at ground statione, and the sun's ephemeris
at satellite overpass,

.

Natural accumulation of litter under range vegetation does not affect
reflectance - Weslaco, Texas (20750). Reflectance was messured for L-m2 range
grass p[ot: with two canopy treatmerts (standing and clipped), four levels of
litter sccumulation, and grain sorghum with the two canopy treatments.
Reflectance vas significantly higher at tha 0.65 to 1.65 and the 2.20®
vavelengths for both grass (Andropogon ncc aries cv lilloralis (Nash) Hitche)
and graia sorghum \Sot‘hul bicolor (L.) Moench canopiu when the canopies were

clipped and the clippiugs were removed. The natural accumulation of litter
under standing grass canopies did not affect reflectance.



tral measurement of anitrogen stressed wheat mesasured - Bushland, Texas
4 pectral measurements werse ¢ on nitrogen vheat.
These experimencs were developed to determine if nitrogen stress could be
measured remotely. :

Spectroradiometer system designed to measure osone/damage - Raleigh, North
Carolins A spectroradiometer system for obtaining spectral signatures
of crops growing in open-top field chambers has been designed. All of the major
components have been received. The system will be field tested during che 1982
growving season. Spectral signatures of 03 injured snapbean plants obtained
with a portable ISCO model SR spectroradiometer are currently being analyzed to
develop statistical methods for comparing spectra,

Erosion mapped by &to.rlfl_:z - Columbia, Missouri (20800). Mapping of the time
lapse photography was continued and when the most recent maps are available, the
pattern of erosion since 1969 can be reconstructed. Alluvial-colluvial

deposition was quantified using standard surveying data from 1962 and 1980 to
compare with the photography.

Remote sensing technique for estimating runcff and sediment yield developed -
Durant, Oklahoma (2&805. A successful remote sensing technique was developed
using standard 1:20,000 ASCS aerial photographs to determine the drainage
density of small watersheds and correlating that parameter to average annual
runcff and s<diment yield. Seventeen watersheds in the Southern Plains were

usad in the study. This techaique provides a rapid method of estimating runoff
and sediment yields from routinely available data.

Application test of SPAW model continues - Pullman, Washington (20800). Several
application tests of the soil-plant-air-water (SPAW) model were conducted. Soil
moisture data from the summer fallow region of eastern Washington were analyzed
and reported. Researchers at several locations including NASA-JSC in Houston,
Texas; Boise, Idaho; and Kansas State University are testing and applying the
SPAW model., Results have been quite good in most cases. The SPAW model was
reprogrammed to reduce it to a subroutine version for insertion into broad-scale
hydrology models. The internal procedures were preserved.

Instrumentation research continues for SNOTEL - Boise, Idaho (20800),
Cooperative SCS SNOTEL instrusentation research produced an electronic interface
between their isotopic snow gage and the SNOTEL transmitter at More Creek
Summit, Idsho., Installation and testing were completed., Also, a snow pillow
transducer test instrument was coampleted, delivered, and installed.

Analysis iidicates some snow course data may not be necessary -~ Boise, ldaho
(20810). Regression analy<is revealed some redundancy in snow water equivalent
data being collect.d at the snow courses in and around the Boise River drainage.
This suggests that a comprehensive analysis of the snow course network could
indicate sites that contribute little, if any, additional information for
preparing the water supply forecast. There were insufficient concurrent SNOTEL
and snow water equivalent data available to replace the snow course measurements
with SNOTEL pillow observations in the forecasting regression equations. At
least one more year of SNOTEL data will be necessary befocre progress can be
oade,
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User manual for determiniag 8CS curve numbers from Landsst data prepared -
Beltaville, Na a Hﬂ“). A manual lor using remotely unai data to
estimate tﬁc Ta.. ‘cover requicements of the SCS curve ausber was prepared. This
was presented to the £CS in several workshops. This manual consists of
step-by-step instructions for using Landsat data to calcu!1te runoff curve
ausbers for complex watarsheds. This approach gives the SCS and others an
attremely cost effective method to be used in wetershed plamning. Accuracy is
comparable to SC8 counventional techniques for watersheds larger than about one
square aile,

v%ou: lon effects eliminated in microwave measurement of soil moisture -
Beitsv .fc. m!z[m (20810). Data collected over the Beltsville Agricultural
Research Center plots using the microwave radiometers were used to evaluate a
theoretical wodel of the effect of vegetation cover on the emission of soilas.
These studies showed that the effect could bde accounted for vhen a readily
cbtained vege’ \tion parameter was included and the appropriate wavelength was
used. Resul®s aleo showed that this approach could provide creliable soil
woisture estimates except under heavy vegetation cover, i.e., forest. These
results pave the way for experiments with microwave remote sensing in many
egricultural hydrological applications.

Beltsville, Mar ery Hig
Resolution Radiometer on NOM 6 unllin shoved that the early morning

observation time results in thermal infrared (temperaturs) data which are
unsatisfactory for assessing surface wmoisture zonditions. However, preliminary
evaluation shows that data from the afterncon satellite (NOAA-7) are of much
better quality. The mid infrared channel (3.7)uw) measures a comdbination of
reflected sunlight and surface emission, aking analysis ambiguous. The thermal
infrared data (113 @) are suitadble for anelysis in conjunction with numerical
models of surface teamperature, This information defines which satellite data
will be useful in water balance and temperature work.

Large-scale evapotranspiration utu obtainable from uccllitc data -

Beltaville, Maryla « A previcusly vas
applied to a day-night pair of satellite thermal infrared illgo acquired over

eastern Washington State. The decrived «¢stimates of evapotranspiration (ET) were
consistent with values for well-watered crops as given Dy the Permarc equation
and by pan evaporation vaues, i.e., about 10 mm/day in the irrigated areas along
the Columbia River. However, the sate lite data yield ET values on a regional
scale, illustrating the full range of values between uncropped areas (near 0 ET)
and the irrigated farmland., Surface moisture availability (ET/ETP) was found to
vary betveen O and 1.0. This analysis demonstrates that large-scale wvater
balance work cen be done using remotely sensed data.

Algorithm developed for estimating surface temperatures from satellite data -

Be + An algorit 48 been deve programed
for estimating surface temperatures, given pairs of measurements in the thermal

infrared, as are nov gvailable from operational satellites. The predicted
correction for the radiative effects of moisture in the atmosphere can be
greater then 10°C. Omission of this correction in the interpcetation of
satellite data would lead to highly erroneous values for surface properties.




Soil Moisture Sampling Criteria Established - Belteville, Maryland (20810)., Two

ty Of solil moisture and its
{nteraction with physiographic features. The accuracy of graviwetric soil
eoisture measurements was shown to be function of sample volume. When
characteriaing the surface soil, samples of at least 30 aust be usad. The
influence of several factors on soil moisture variadility was evaluated.
Statistical tests showed that land cover, antecedent meteocological conditions
and topography had significant influence on doth the mean and variance of the
soil wolsture. Systematic soil woisture variations were found within smooth,
low=slope watersheds that were homogeneous in land cover and soil typa. This
research provides a basis for design of ground truth soil moisture sampling
programs that support remote sensing experiments.

Initial soil woisture values used in hydrologic models is very sensitive for
most storms - seansitivity anslysis was
performed to decerwine the impact of anecendcnt s0il moisture conditions and
eil hydraulic properties on the excess rainfall volumes resulting from single
event storms. The sensitivity of rainfall excess volumes to woisture conditions
depended on the rainfall volume, duration, and distridution. The relative
impact of entecedent moisture on rainfall etcess volume was significant in the
atorms with small rainfall volume. An error 0.035 cm/cw in weasurement of
antecedent moisture resulted in errors of about 20 percent and 100 percent in
cainfall excess volume predictions for 3-inch (7.3 cm) and 2-inch (5.0 cm)
storms, respectively. In general, errors in the dutermination of antecedent
woisture can affect estimates of rainfall etcess significantly. Thie result
suggests that remotely sensed s0il moisture may de extremely valuable data for
comprehensive hydrologic simulation wodels.

Spatially distributed infiltration parameturs do not improve simulations of

runo
ydrofo.xc model was used to uinulato stora hydrographs ﬁor a meall 10.8 ha

vatershed in Oklahoma. This area vas chosen for analysis because of i{ts very
cowplete history of hydrologic studies and data including 26-ring infiltrometer
measurements. The best simulation results were odtained from lumped parameters
developed from the mean of the ring data, from optimized cainfall-runoff data,
and from dasic soil properties. Distridbuting the infiltration parameters
accocrding to soils or the location of the infiltrometer measurements did not
improve the simulations. The results of this study {llustrated that a
practicing hydrologist could get good results from a comprehensive, physically
based model and that the infiltration parameters could de determined without
tield surveys or data collection programs.

Generation of daily weather variables - Temple, Texas (20810). A model for
generatiag daily ues of precipitation, maximum and miniaum temperature, and
solar radiastion was simplified for application tec hydrologic models. Maps of
the parmeters requirwd for generating temperature and radiation were Jdeveloped
80 that the parametecs could de determined for any location in the United
States. Monthly values of the precipitation parameters were determined for 138
locations in the United States.
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LOCATION CONTACTS

Phoenix, Arizona (20760)

Dr. R. J. Reginato

USDA-ARS

U.S. Water Conservation Lab,
4331 East Broadway Road
Phoenix, AZ 85040

Comm.: 602-261~4356

FTS: 261-4356

Akron, Colorado (20760)

Dr. D. E, Smika
USDA-ARS

Central Great Plains Rrsearch Statian

P. O. Box K

Akron, CO 80720
Coma.. 303-345-2259
FTS: None

Fort Collins, Colorado (20760)

Dr. W. 0. Willis

USDA-/135

Cciorado State University

Agricultural Engineering
Research Center

CSU Foothills Campus

Fort Collins, CO 80523

Coam.: 303-491-8511

FTS: 323-5214

GCainesville, Florida (20740-20760)

Dr. L. R. Allen, Jr.

USDA-ARS

University of Florida

Agronomy Physiology Lab., Bg. 164
Gainesville, FL 32611

Comm.: 904-392-6180

FTS: 946-7250

Tifton, Georgia (20240)

Dr. W. W. Wolfe
USDA-ARS
Grain Insects Research
Georgia Coastal Plains
Experiment Station
Tifton, GA 31793
Comm: 912-332-6904
FTS: None

Tifton, Georgis (20810)

Mr. L. E. Asmussen

USDA=ARS

Southeast Watershed
Research Center

P. 0. Box 946

Tifton, CA 31796

Comm.: 912-386-3462

FTS: None

Watkinsville, Georgia (20800)

Dr. A. W. Thomas

USDA-ARS

Southern Piedmont Conservation
Research Center

P. 0. Box 555

Watkinsville, GA 30677

Comm.: 404-769-5631

FTS: 250-2425

Boise, Idaho (20810)

Dr. D. L. 2rakensiek
USDA=-ARS
Northwest Watershed
Research Center
Patti Plaza, Suite 116
1175 South Orchard
Boise, ID 83708
Couma,: 208-334-1363
PTS: 554-1363

Urbana, Illinois (20760)

Dr. D. B. Peters
USDA-ARS

University of Illinois
§-215 Turne. Hall
Urbana, II. 61801
Comm.: 217-333-4370
FTS: 958-5540

Beltsville, Maryland (20760)

Mr. J. E. McMurtrey, III
USDA-ARS

Room 132, Bg. 001, BARC-West
Baltsville, MD 20705

Comm,: 301-244-2646

FIS: 344-2646



Beltsville, Maryland (20810)

Dr. E. T. Engaan

USDA-ARS

Rooms 139, Bg. 007, BARC-West
Beltsville, MD 20705

Comnm.: 301-344-3490

FTS: 344-349C

Mississippi State, Mississippi (20760)

Dr. D. N, Baker

USDA~ARS

Crop Simulation Research Unit
P. 0. Box 5367

Mississippi State, M8 39762
Comam,: 601-323-2230

FTS: 490-4676 -

Ox ford, Mississippi (2080C

Mr. F, E, Dendy
USDA-ARS .
USDA Sedimentation Lab.
P. 0. Box 1157

Oxford, MS 38635
Comm,: 601-234-4121
FTS: None

Coiumbia, Missouri (20800)

Dr. A. T. Hjelmsfelt, Jr.
USDA-- ARS

Watershed Research Unit
207 Business Loop 70 East
Columbia, MO 65201
Comm.: 314-442-2271

FIS: 276-3113

Sidney, Montana (20760)

Dr. J. K. Aase

USDA-ARS

Northern Great Plains Soil
and Water Research Center

P. O. Box 1109

Sidney, MT 59270

Comm,: 406-482-2020

FTS: None

Raleigh, North Carolina (20790)

Dr. W, W, Heck

USDA-ARS

North Carolina State University
Botany Dept., 1224 Cardner Hall
Raleigh, NC 17650

Comm.: 919-737-3311

FIS: 672~-4069

Mandan, North Dakota (20760)

Mr. A. L. Black

USDA-ARS

Northern Great Flains
Research Center

P. 0. Box 459

Mandan, ND 585354

Comm.: 701-663-6445

FTS: None

Durant, Oklahoma (20300)

Dr. ¥. R, Schiebe

USDA-ARS

Southern Plains Watershed &
Water Quality Lab.

P. 0. Box 1430

801 Wilson Street

Durant, OK 74701

Comm.: %05-924-5066

FTS: 736~5401

Pendleton, Oregon (20760)

Dr. R, E. Ramig

USDA-ARS

Columbia Platesu Conservation
Research Center

P. 0. Box 370

Pendleton, NR 97801

Comm.: 503-276-3811

FTS: 420-3292

Bushland, Texas (20740-20780)

Mr, T. J. Musick

USDA-ARS

Conservation & Production Lab.
Draver #10

Bushland, TX 79012

Comm.: 806-378-5724

FTS: 735-6724
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Housion, Texas (20760)

Dr. G. 0. Boatwright
USDA-ARS
AgRISTARS/EW-CCA
‘I1SDA-Agena Bg.

1050 Bay Arez Boulevexd
Houston, TX 77058
Comm.: 713-488-9780
PTS: 523-5244

Temple, Texas (20760-20810)

Dr. J. T. Ritchie

USDA-ARS

Grassland Soil & Water Research Center
P. O. Box 748

Temple, TX 76501

Comm,.: 817-774-1201

FTS: 736-1201

Weslaco, Texas (20220)

Mr, W. G. Hart

USDA-ARS

Citrus Insects Research
509 West Fourth Street
P. O. Box 267

Weslaco, TX 78596
Comn.: 512-968-3159
FTS: .None

Weslaco, Texas (20280)

Dr. R. M, Menges

USDA-ARS

Subtropical Fruit and Vegetable Research
2413 East State Highway 83

P. 0. Box 27

Weslaco, TX 78596

Comm.: 512-968~4026

FTS: None

Weslaco, Texan (20760)

Dr. C. L. Wiegand
USDA-ARS

2413 East Highway 8)
P. 0. Box 267
Weslaco, TX 783595
Comm,: 512-968-5533
FIS: None
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Pullman, Washinzton (20800)

Dr. ¥, B, Saxton

USDA-ARS

Washington State University
Seith Agriculiuvral Engin, Bg.
Pullman, WA 99164

Comm,: 509-335-2724

FTS: 445-2724
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