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ABSTRACY

A progyram 1is underway at the
National Earth Satellite Service to
develop products from weather satellite
data that are useful for agyricultural
monitoring. AYRISTARS (Ayriculture and
Resources Inventory Surveys Through
Aerospace Rewote Sensinyg) 1is a program
to develop technigues for monitoring
areal extent and condition of major
crops worldwide using data collected by
earth-orbiting satellites. The
Department of Agriculture is the lead
agency with NASA providing research and
special products from the Landsat
research spacecraft, the Departmment of
Interior providing routine Landsat data
and the Department of Commerce (NOAA)
providing yield models and special pro-
ducts from their operational spacecraft.
These special proaucts, veiny developed
by the National Earth Satellite Service
(NESS) include dailiy estimates of preci-
pitation, insolation, maximum/wminimum
teuperature, veygetation index, and, on a
weekly basis, snowcover. This paper is
an overview of the NUOAA program and
describes the current status of each
product.

I. INTRODUCTION

The U.S. Department of Agriculture
routinely forecasts the production of
major crops in all areas of the world
having signiticant output. To do this
they must have accurate estimates of the
acreage planted ftor each crop and up-to-
date information about the ecnomic fac-
tors (use of wachinery, fertilizers and
insecticide and high-yield seed, for
example) and the health and vigor of the
crop throuyhout the yrowing season.

Data to the aesired accuracy, coveraye
and timeliness are simply not available
from conventional sources and the fore-
casters are constantly seekiny improved
data. Earth-orbitingy satellites provide
rapid, continuous global coverage and

are therefore prime Sources of the
required information.

NASA and the Department of
Agriculture are developing techniques
for the identification of crops and the
estimation of acreage planted usiny
Landsat data (currently 80m resolution
in four spectral bands in the visiple
and near infrared) and the Department of
Cowmerce, NOAA, is developing mathemati-
cal models to predict the yield of each
crop (bushels/acre for example) and spe-
cial meteoroloyical observations to
drive these models and at the same time
monitor the health and vigor of the crop
and provide early warning of damaying
environmental situations.

In addition, NOAA/NESS provides a
measure of "greenness" which is directly
related to the health and vigor of the
vegetation. Called a "vegetation
index," it is also derived from Landsat
data at higher resolution, but only
every 18 days under the best of con-
ditions. The daily coverage provided by
the NOAA satellites, even though the
resolution 1is 1 km as opposed to the 80
meter Landsat resolution, is important.

This paper presents a review of
past progress and the current status of
each of these meteoroloygical satellite
products.

II. THE OPERATIONAL ENVIRONMENTAL
SATELLITES

The U.S. operational environwental
satellite system consists of two space-
craft in yeostationary orbit (GOES)
and two spacecraft in polar orbits
(NOAA). Meteoroloyical information is
highly perishable, so the operational
satellites make frequent observations
and rapidly transmit data over high
speed links to central facilities for
immediate processing and use. Data are
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initially received from the satellites
at the NOAA Control and Data Acquisition
stations located at Gilwore Creek,
alaska and Wallops Island, Virginia, and
retransmitted to the NOAA Central
Computing Facility in Suitland,
varyland. The data are stored in on-
line data bases for immediate processing
and distrivution..

The GOES system consists of two
spin-stabilized spacecraft located above
the equator at 759 and 135° lonygitudes.
The priwary instrument on the GOES 1is
the Visiuie ana Intrarea Scanninyg
Radiometer (VISSR) which provides
visible and infrared images evéry 30
winutes for that portion ot the earth
visiple from yeostationary orbit (Figure
1l). Resolution 1in the visible pand
(0.55 to 0.70y) is avout L kwm at the
subsatellite point, in the infrared
(10.5 to 12.5y) avout 8 kuw. The visible
data are reduced in digital form to 8 ki
resolution for guantitative products,
but are processed into pictures at 1 km
resolution. The wain function of the
GOES system 1is to provide freguent iwma-
gery to aid weather forecasters in
tracking meteoroloyical systems. Otner
operational products yenerated from GOES
data include winds derived from cloud
motion, sea surface teuperatures, and
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Figure 1. The hatched area inaica-
tes the area of useful data frow two
GOES located on the 75°W and 135°W
ineridians,

The polar-orbitiny NOAA satellites
are 1n Orplits that allow ylowal coveraye
four tiwes waily. The primary
instruments are the TIRUS Operativnal
Vertical Sounder (TOVS) which provides
atmospheric tewmperature ana wmolsture
profiles, anu an Advanced Very Higyh
Resolution Radiometer (AVHRR) which pro-
vides sea surface teuperdture and iwa-

gery. The TOVS consists of three
instruments: a High rResolution Infrared
Sounder (HIRS/2) that wmeasures radiation
in 20 spectral regions of the infrared
spectruu; a Microwave Sounding Unilt
(MSU) makingy measureanents at four wave-
lenyths in the vicinity of the 5.5mm
oxyyen band, and a Stratospheric
Sounding Unit (SSU) used to retrieve
temperatures in the upper atmosphere,
The AVHRR has tive cnannels: the
visible (0.55-0.75u), the near infrared
(0.7—1.2p), the wid-infrared (3.7-3.91)
and the two thermal infrared windows
(10.0-11.0y and L1.0 to 12.04). The
AVHRR has a resolution at nadir of 1 km.
The tape recorders on the NOAA space-
craft will not accomnodate full ylobal
data at these resolutions, however, so
that ylobal data (called GAC for Globval
Area Coveraye) 1is reduced on=-pboard to 4
kKm, The 1 kmm resolution data (called
LAC for Local Area Coveraye) can bpe
recorded on-pboard for limited, special
areas of the ylobe and are also broad-
cast continuously in real-time to users
worldwide who are equipped to receive
it. The polar orbiters allow obser-
vations at wmiddle and low latitudes at
about 0230, 0730, 1530, and 1930 local
solar time. The observations from adja-
cent orbits are contiguous or overlap
poleward of 30° latitude.

ILII. PRECIPITATION

Mathewmatical models used to predict
the yield of a crop reguire the best
available weteorological inforwation
throuyhout the growiny season.
Precipitation is one of the most impor-
tant and its distribuation throuyhout the
growing season way be even wore influen-
tial than the total amount. For
AYRISTARS, NESS 1is developing an esti-
mate of precipitation on a 24-hour basis
for iwmportant ayricultural areas of the
world at a spatial resoution of L/39,

Both yeostationary and polar-orbiter
data are used in the technigue develop-
went. The yeostationary spacecraft,
which provide continuous coveraye ot
that part of the earth which they view,
are the primary source of precipitation
data. However, for those areas where
geostationary satellite data are not
available, techniques usiny polar-
orbiter data alone will be used.

Visible and infrared observations are
the principal data sources. However, a
limited technigue development effort
will be directed toward microwave data
where it is avallable. Other data sour-
ces to be used in estimating precipita-
tion include NMC (National
Meteoroloygyical Center) analyses and
forecasts, conventional atwospheric
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soundinys, radar data (where available),
satellite-derived soundings, and rain-
fall climatologies.

There are two basic types of
precipitation-estimation technigues:
cloud history and cloud indexing. Cloud
history works best where geostationary
satellite data are available. The
fregyuent looks from geostationary
satellites allow the life cycle of a
cloud to e tollowed and precipitation
estimates to be computed for each staye
of the cloud's development. 1In
contrast, cloud indexiny is the
principal wmethod where only
polar-orpbiter satellite data are
available; Only two pictures a day can
pe obtained trom one polar-orbiting
satellite. Cloud 1indexinyg involves
characterizing a cloud by an index
nuuper accoruing to 1ts appearance in
imagery and then using a look-up table
or regression eguation to estimate the
precipitation from the cloud. Botia the
cloud history and cloud indexing methods
have procedures for wodifyiny the
estimates for different climates and
environments. Additional information on
visible and infrared techniyues for
flash flood, hydrological, and
agricultural applications is presented
in a paper py Scofield.

Most of the precipitation research
is focusing on the continued developuent
of state-of-the-art visible and infrared
technigues, However, the use of
wicrowave and multispectral techniqgues
for estimating precipitation is beiny
examined. Five wicrowave freguencies
(6.6 GHz, 10.7 GHz, 18.0 GHz, 21.0 GHz,
and 37.0 GHz) frow Nimbus-7 are beiny
tested tor their efficacy in detectiny
and estimating precipitation. In the
near ftuture, a wicrowave radiowmeter with
these sawe frequencies will ve aboard an
operational Department of Detense
satellite and the wmicrowave data will e
available to NESS in real-time. Within
the next one to three years, microwave
data will e coumbined with the visivle
and infrared technigues in an attemnpt to
develop an luproved precipitation esti-
mation algorithw frowm polar-orpiter
data.

The followiny are examples of the
use of a cloud history techigque and a
cloud indexiny techniyue in real-time
over the U.S.A. and the U.S.S.R.,
respectively.

On Aujust 9-12, a cloud history
technigue using yeostationary satellite
data was applied in real-time to
Hurricane Allen as it woved westward
from the Gulf of Mexico throuygh southern

R B A EOBAISS

Texas and 1nto northern Mexico.
Estimated isohyets were produced and
transmitted to National wWeather Service
Forecast Offices in Texas. The period
of heaviest rainfall occurred alony a
convective cloud pand shown in Figure 2
petween A and A'. Twenty-four hour
Observed and estimated rainfall amounts
ending at 1200 GMT, August ll, are
displayed in Figures 3 and 4, respec-
tively. The estimated rainfall pattern
and amounts over southern Texas

were quite good especially along the
heavy rainfall band between A and A',

Figure 2. Enhanced infrared GOES
imayery, 0130 GMT, August 11, 1980.

TEXAS

Figure 3. Twenty-four hour
observed rainfall in inches endinj at
1200 GMT, August 11, 1980.
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1200Z-1800% 7-27-81

Figure 4, Twenty-tour hour Figure 5. Infrared imagery,
satellite-derived raintall estimates in 1200-1800 GMT, July 27, 1981.
inches endiny at 1200 GMT, Auygust 11,

1980.

On July 27-28, a cloud indexiny
technigue usiny polar-orviter data was
applied in real-time to a convective
situation over the U.S.S.R. The
infrared picture over the U.S.S.R. in
Figure 5 shows a convective cloud line
between A and A'. Other areas of thun-
derstorms are located north and east of
the Aral Sea. Twenty-four hour
satellite-derived precipitation estima-
tes were computed using IR and VIS pic-
tures approximately 12 hours apart. The
observed and estimated raintfall are
shown 1in Figures 6 and 7, respectively.
The estimated rainfall pattern is repre-
sentative of what was reported frow the
ground. However, the satellite tech-
nigue underestimated the rainfall
amounts assoclated with the convective
line A to A'.

Figure 6. Twenty-four hour
observed rainfall (mm) endiny at 1200
GMT, July 28, 1981.
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Twenty-four noutr
mm) endin
J

Figure 7.
satellite-derived rainfall
at 1200 G¢MT, July 28, 1981.

IV, MAXIMUM/MINIMUM TEMPERATURE
Daily maximum and minimum tem-—
perature is a quantity that is important
in crop yield models, soil moilsture
models, and crop stress detection. Crop
canopy tewmperature 1is the quantity most
closely correlatea with crop develop-
ment, but since it 1is not routinely
available, shelter temperature (alr tem—
perature near the yround) 1s used
in current crop wmodels. Shelter tem-
perature has a high spatial variability
which contriovutes to crop rorecasting
errors where observations are
sparse and not representative of tne
whole region. Quantities derived frouw
satellite data are oy thelr nature area
averayes., FOr larje crop districts a
singyle satelllte estimate way be wore
representative than one or two conven-
tional owservations witnin the area.

Estimation of daily maximum and
winimum tewmperatures 1is a two-step pro-
cess. The first step 1is estimation of
shelter temperature; the second is
plendiny of satellite and conventional
tenperatures and estimation of daily
extremes., Considerable progyress has
been made toward shelter tewmperature
estimation; research and development
has just oegun on the second step.
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The TOVS system on the NOAA polar-
orbiting satellites 1is the data source
for shelter tewmperatures, Two of the
four caily observations of the NOAA
satellites are at yood times for daily
tenperature extremes. One pass 1is in
the early morning (0230 local time) near
the expected time of winimum, and the
other is in the afternoon (1430 local
time) near expected maximum, Surface
tenperatures observed from satellites
are subject to siynificant errors intro-
duced by the water vapor, haze and cloud
in the interveniny atmosphere. Accuracy
is determined by how well their effects
can be measured and rewmoved to produce a
"clear radiance." Much effort has been
expended on fully automated algyorithms
for obtaininy clear radiances as part of
the NESS operational sounding system
and those methods are adopted in the
AJRISTARS maximim/minimum temperature
processing2.

A reyression technigue is used to
estimate shelter tewmperatures frow TOVS
soundings3. Figure 8 shows results
obtained frowm NOAA 6 for cloudy and
partly cloudy scenes. The standard
aeviation between satellite estimates
and surface observations is usually less
than 2.09K tor both clear and partly
cloudy areas. When the scene 1s comple-
tely obscured by clouds, the retrieval
is made from microwave data and the
standard error rises to around 3.0°K.

: :l"f Rz=.94

- s, TN T =175
Coe . ) i qsu=].5]

T N =974

1 1 1 1 1 1 1 1

280 290 310
ESTIMATED TEMPERATURE (DEG k)

Figure 8. Shelter temperature
plotted against satellite estiwmates for
clear and partly cloudy retrievals for
April througyh July, 1981.
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From TOVS the yground resolution of
the shelter temperatures is rather low,
250 to 500 km., Research is underway to
increase the resolution to 60 to 100 k.

V. INSOLATION

Insolation is of 1ntecest to
ayriculture wnecause solar radiation is
the priwmary eneryy source for yrowing
plants. It 1s used in nuwmerical models
for estimating crop yielid, potential
evapotranspiration and soil woisture.
The reason ror obtalning ilnsolation from
satellite data is coveragye. Many more
estimates over iarye yeoygyraphic areas
can be produced from sateliites than are
practical or affordable with
conventional yround-pased wmethods.

The radiant eneryy incident at the
top of the atisosphere, Qg, is divided
after interaction with the earth-
atwosphere system according to:

Qo = Qr + Qa + Qg (1)

where Qp, QA, and Qg are the components
of the 1incident eneryy reflected to
space from the earth-atmosphere system,
absorbed 1n the atwosphere, and absorbed
at tne yround, respectively.

The 1incident radiation, Qo, can be pre-
dictea with acceptable accuracy tor any
location and time, while the retflected
and absorbed components are deteriuined
by the state of the atwosphere, Tne
reflected radiation terw, Qg, explains
up to 80% of the variawvility 1in the por-
tion ot incident radiation that reaches
the gyround, and cloud cover determines
the size of QR. Radiance 1in the
visible spectruw measured by satellites
is directly related to Qr. All
satellite 1nsolation technnigues awount
to obtaininyg solutions to equation (1)
either by physical or statistical
models.,

GOES 1s the preferred data source
for satellite estimates of insolation
pecause 1lts repeat observations
througyhout a4 aay allow tracking of
changinyg cloud conditions and more
accurate specitication of Qi. For areas
of the ylowe where yeostationary
satellite uata are not routinely
available, 1t 1s necessary to use tne
polar orwiters ftor insoLation estimates.

Two GOES 1nsolation technigues have
peen developea--a regression technigue
and a pnysical amodel--poth of which pro-
vide estimates witn approximately the
same accuracy, wut which have different

regquirewekits on ‘data calibration, yround
truth and computer time.4¢5/6 The regyres-—

‘sion technigue has been run at NESS since

the suumwer of 1980 for the eastern two-
thirds of the U.S. The proyram provides
aaily estimates of insolation in
Langyleys (1 Ly = 1 cal/cmz) on a

1© latitude-longitude grid. A contoured
example of the product is shown in
Figure 9. Similar products have been
aeveloped for the western United States,
Mexico, and the ayriculturally important
parts of Brazil and Aryentina.
Comparisons and yround truth pyranometer
data for the eastern U.S. estimates have
shown errors in the daily total insola-
tion of 10 to 15% of the mean daily
totalt when a sufficient number of pic-
tures (at least 4) are used in the daily
estimate., An example comparison with a
pyranometer at Auburn, Alapawma, 1s shown
in Figure 10.

GOES INSOLATION PRODUCT

3535 30 3033

Figure 9. Analysis of satellite-
derived daily insolation for Septeuber 7,
1980. Contour interval is 50 Ly.
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Figure 10. Pyranometer estimates
of daily insolation vs. satellite
estimates trom five GOES pictures/day.

Experience in runninyg the GOES inso-
lation product for 18 wonths revealed
two problems., The first is that the
product is wore labor intensive than
anticipated. It requires a knowledye-
able analyst to wonitor the proauct and
manually correct errors that can appear
in parameters used in the reygyression.
The second 1s lack of reliapility in the
GOES data wbase 1n the NOAA computers.

As presently configurea the proyram
attempts to use 5 pictures per auay, but
on too many occasions only 3 or fewer
are available, The software is beiny
modified to access 7 pictures per day to
increase the probability of yettiny at
least 4 per day.

For areas where geostationary
satellite aata 1is not available, a tech-
nigue was developed to estimate daily
total insolation usiny data from the
operational polar orpiting satellites.”
The overpasses of the polar orvbiters are
not timed weli for insolation, with only
the 1430 observation 1in full dayligyht.
To make use of the observations in the
early wmorning ana late atternoon, a
model was aeveloped that uses cloud
amount and cloud type, dquantities that
can be estimated trowm infrared as well
as visible data. The tecnnijue was
desigyned to e 1lumplemented interactively
alony with the precipitation estimation
algorithms. Clouu type and amount
determinations are made Ly an analyst
lookingy at satelilite 1luwayery on a TV
screen, and atmospneric precipitable
water 1s owbtalned trom eitaer satellite
soundinys or from NMC fields. A
satellite observation at any tiwme

within a 24-hour period 1is sufficient to
wake an estimate of daily insolation.

If two or more satellite observations
are available, a weighted averaye daily
total is computed. The weighting tac-
tors are functions of the local solar
time of the satellite observations, with
increased welght yiven to estimates at
times of low solar zenith anyle.

Test results with this algorithm
show an error in the daily insolation
estimates of 15-20% when 1imayery at the
times of the 0730, 1430, and 1930 over-
passes 1is used.

VI. SNOWCOVER

At present only the area of snow
coverayge can pe measured reliably frou
space., However, this is useful for
agricultural monitoringy, because snow is
necessary in northern wheat yrowiny
regions to protect winter wheat from
damage from low tewmperatures.

Figure 11 illustrates a northern
hemisphere snow and ice map for the
period March 1-8, 1982, produced at
NESS. This product is produced in
digital form as the center 544x704 grid
points of a sixteenth submesh yrid of
the standard WMC 65x65 polar
stereoyraphic projection. The input
data is mapped 7-day winimum brightness
composites of NOAA-7 Global Area
Coverage (GAC) data. Snow and. ice
poundaries are drawn by analysts on a
CRT using a woveable cursor and the
wapped visible and infrared composites.
Beyinningy Novewber 1, 1982, this product
will pe prepared once a week and shipped
to USDA in Houston.

This product defines an area of
relatively long-lived snowcover.
Snowfalls lasting only a day Or two are
overwritten in the 7-day compositing
process.

VII. VEGETATION INDEX

One of the most significant
developuments from the Landsat
Multispectral Scanner (MSS) was the use
of the visible and reflective infrared,
channels 5 and 7 respectively, for
monitoring the health and vigor of
crops. The visible and near infrared
channels on AVHRR have spectral response
curves similar to channels 5 and 7 on
the Mss. This spectral combination
allows wmonitoriny of ice, snowcover,
water quality, veygetation, and terrain
classitication. Veyetation index (VI)
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Figure 11.

Northern hemisphere snow and ice map for March 1-8, 1982.
Map is made from 7-day AVHRR minimum brightness composite.
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derived frow the AVHRR data is of
particular interest for agricultural
rewote sensing and a paper beiny
presented at this wmeetinyg reviews the
current reEsedrch.

The advantaye of the NOAA satellites
for wonitoring yreen vegetation is that
they provide daily observations while
Landsat has a repeat time of 18 days.

If the area of interest is cloudy, larye
gaps occur 1in the Lanasat coveraye., The
iumproved tewporal coverage from NOAA is
an luaportant adjunct to the Lanasat
data.

An experimental vegetation index
product tor ylobal wonitoring is beilny
produced ftrouw the AVHRR GAC data., The
product 1is a mapped wosaic computed frow
the eguation

Figure 12.
Ch. - Ch tation index.
S = 2 12 (2) vegetation.
Chy +Thy

where Chj and Chy are the count values
from channels 1 and 2 respectively.

The VI is yenerated daily frou

daytime NOAA-7 data for poth the
northern and southern hemispheres. The
value of VI when calculated from
eyuation (2) "ranges trom 0.1 te 0.5 for
veyetated arsas with the value
increasing with the yreeanness of the
vegetation, while atmospnhneric atte-—
nuation, packscatering, and cloud
effects all act to decrease VI. A 7-day
composite 1s produced which consists of
the waximuuw VI found in the daily maps.
Compositing reduces or eliminates tran-
sient atmospheric eftects. An example
of the cowmposite tor North Awmerica is
shown in Figure 12.

The waps are a sixteenth subueshn
grid of the stanaard 65x65 polar
stereoyraphic projection used by the
National Meteorologyical Center and the
Air Force Global wWeather Center.
Resolution ranges frow 15 kw at the
eyuator to 30 km at the poles.

The first uses of this product will
be qualitative. Analysts will look at
images of VI to assess yeneral con-
ditions of vegetation and crops in dif-
ferent locations around the world.
Neither high resolution nor precise
calibration will be required. However,
an archive of yuantitative values will
be produced and we expect that further
study will prove the numerical vegeta-
tion index wore useful than imagery.
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