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1. BACKGROUND

In the Large Area Crop Inventory Experiment (LACIE) and the research activi-

ties that followed, the response variations within the several channels of

multispectral scanner (MSS) data sets over known earth target areas were

investigated. The MSS instruments were placed on board the two Earth

Resources Technology Satellites (ERTS-1 and E9 TS-2), which subsequently were

renamed Landsat-1 and Landsat -2 by the National Aeronautics and Space

Administration (NASA). These instruments have been placed on subsequent

Landsats, also. The vegetative indexes, which comprise one set of research

products derived from MSS data, respond to changes in "greenness" of

vegetation. Although several indexes have been proposed, the auto-correlation

between them is so strong that any one can be considered representative.

The LACIE project results indicated that the MSS remote sensor system is a

potential tool for Monitoring global agricultural conditions. To exploit this

tool, the Foreign Agriculture Service (FAS) of the U.S. Department of

Agriculture (USDA) formed the Crop Condition Assessment Division (CCAD), which

was chartered to devise operational techniques for monitoring world food

production. The CCAD has established an operational digital computer facility

to ingest and process Landsat MSS data sets into agricultural analytical prod-

ucts. They recognized that a massive storage impact would exist if all of the

daily output of the MSS was retained. Accordingly, several products have been

developed for retention in a time series. This product list includes sample

segments, skip-pixel-skip-line images, and vegetative indexes. The indexes

file for the South American area which was used in this study was initiated in

January 1980.

2. EXPERIMENTAL DESIGN

With the initiation of the Agriculture and Resources Inventory Surveys Through

Aerospace Remote Sensing (AgRISTARS) project, National Oceanic and Atmospheric

Administration (NOAA) personnel D. McCrary and R. Smith proposed the investi-

gation of the polar-orbiting environmental satellite system capabilities as a

1



complementary data source to that of the Landsat `ISS. The Landsat system

design provides one observation per site every 18 days ner satellite, while

the environmental satellite system, Television Infrared Observation Satellite

(TIROS-N/tIOAA), can provide a daily observation. nuring LACIE, cloudi ws at

the time of the•Landsat overpass frequently precluded ac quisition of suitable

da,.a for the selected target areas. Thus- the named researchers designed

tasks for study which might provide data sets to complement MSS products for

agricultural and resources inventories.

With the acceptance of these tasks within the Early Warning/Crop Condition

Assessment project of AgRISTARS, 0. McCrary requested that the Local Area

Coverage (LAC) data acquired through the Advanced Very High Resolution

Radiometer (AVHRR) systems be collected and archived for a series of dates for

the South American principal crop areas. S. Schneider, Environmental Products

Branch, National Earth Satellite Services, provided the support necessary to

acquire these data sets. Meanwhile, the data sets from the MSS source were

delivered to the CCAO FAS in an operational mode.

The first proposed task called for relatin g timely (3 3 days) MSS data pro-

ducts to the similiarly configured environmental data products. Although

image displays of the LAC data could be produced, only subjective worthiness

of such products for agricultural monitoring was possible. The two problems

that existed may be described as follows.

a. The image device design needs 3 or 4 channels of data, whereas only 2

channels were available in the LAC.

b. The stability of the imaging of the LAC data varied with respect to the

amount of cloud in the image area.

The best opportunity to compare the two systems appeared to be with vegetative

indexes. For South America there were several LAC data sets which were nearly

synoptic to the operational products of the MSS for that continent. The spec-

tral characteristics o f the AVHRR channel 1 are very similar to the

f
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combination of channels 4 and 5 of the MSS, and AVHRR channel 2 is similar to

the combination of channels 6 and 7 of the MSS, as shown in the table below.

Channel i AVHRR wave length,	 Channel	 MSS wave length,

c
	 vm	 um

1	 0.55 - 0.68	 4	 0.5 - 0.6
5	 .6 - .7

r	
2	 .7 - 1.1	 6	 .7 - .8

7	 .8 - 1.1

Thus, we formulated our Environmental Vegetative Index (EVI) to be

EVI = Alb.(channel 2) - Alb.(channel 1)

where Alb. = aibedo, except that if EVI < 0.0, the value is ignored. The

Ashburn vegetative Index (AVI) is screened in the same manner. A data point

has a cloud response if EVI < 0, and has a water response if EVI < 0.

The initial computations of the EVIs were made by using the digital counts in

each of channels 1 and 2 rather than the actual calibrated albedos. However,

the slopes and intercepts of the calibration curves for the two channels form

nearly the same line. The major correction to the AVHRR LAC data is that of

correcting the data to an apparent overhead sum: data value/cos z, where

z is the solar zenith angle. Since the EVI is computed as a difference

between the simultaneous responses of the two channels from the same field of

view, this correction was made upon the EVI.

EVI (corrected) = EVI/cos z

The first data set, based upon AVHRR LAC data for South America for

16 March 1980 and Landsat MSS data sets from the period 15 March 1980 through

17 March 1980, consists of EVI and AVI pairs computed for identical land

target areas. These data pairs were processed by SAS* programs PLOT, CORR,

	

a st caJ Analysis System	 programs are provided y the 	 .
SAS Institution, Inc., Raleigh, North Carolina.
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and GLM. Whithin this time restraint, the correlation between the pairs was

0.86. However, with a wirier ti p' window, using Landsat data acouired on

10 March 1980, the additional points added an excessive number of cloud-

contaminated pixels which then decreased the correlation to 0.69, (See fig-

ures 1 and 2.)

3. CONCLUSION AND STUDY SUGGESTIONS

In this short study, the EVI is shown as being closely related to the AVI,

inferring, then, that the AVHRR LAC data sets may be used to complement the

MSS data (or substitute when necessary) for agricultural monitoring through

time series products of w:getative indexes. Further study is necessary to

qualify more fully the environmental satellite data sets as a tool for agri-

cultural and resource inventories. Suggestions for such study are as follows.

A. Develop a method to adjust for mixed scene pixels.

B. Determine the variations within and between AVHRR LAC data associated with

viewing angle, solar illumination, and atmospheric effects.

C. Determine the acceptability and adaptabililty of AVHRR LAC data sets in

maintaining the indexes time series.

D. Determine the scalar variations of the i-dexes with respect to ground

truth to calibrate the indexes for interpretation capability.

E. Establish applicable techniques which may be transferable to the proposed

operational computer system.

F. Establish techniques to use EVI data for Early Warning/Crop Condition

Assessment tasks.
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