


PREFACE 

A 1-day se t  o f  b r i e f i n g s  on t h e  f e a s i b i l i t y  o f  assessing crop 

cond i t i on  and y i e l d  from Landsat data wa: g iven a t  NASA HeaC- 

quar ters on September 27, 1977, t o  a l l ow  an assessment o f  t h e  
techn ica l  s ta tus  and remaining techn ica l  issues on t h i s  impor tant  

top ic .  I t  allowed an update on t h e  Landsat aspect o f  y i e l d  from 
t h e  e a r l  i e r  1974 NASA JSC  heat-Y i c l d  Conference (NASA TH 
X-58158. JSC-09256, A p r i l  1975). 
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SECTION 1  

INTRODUCTION AND SUUUARY 

BY 
* 

Jon 0. Erickson and Richard 6. S t u f f  

The purpose o f  t h e  b r i e f i n g s  was to:  

a Present t h e  techn ica l  s t a t u s  o f  key i n v e s t i g a t i o n s  i n  t h e  
assessment o f  crop c o n d i t i o n  and y i e l d  us ing  Landsat data. 

a I d e n t i f y  t h e  techn ica l  issues t h a t  are c u r r e n t l y  l i m i t i n g  
t h e  research progress o r  app l i ca t i ons  o f  Landsat t o  y i e l d  
est imat ion.  

a Provide b r i e f i n g  char ts  and s u f f i c i e n t  t e x t u r a l  ma te r ia l  
t o  p u b l i s h  a  readable r e p o r t  documenting t h e  techn ica l  
s ta tus  and issues. 

The b r i e f i n g  agenda consis ted o f  t h e  same order  o f  subjects  
and speakers as g iven i n  t h e  t a b l e  o f  contents. 



Thc objective of y ie ld  modeling fo r  crop p h c t i o n  esttmatton i s  to derive 
a means o f  predicting the within-a-year y ie ld  and the year-to-year var iab i l i ty  
o f  y ie ld  over sone fixed or  randomly located un i t  o f  area. Y!tld prediction 
models have tradit ionally been enp i~ ica l  functions of rrathcr variables (1) or  
in-season sampling of crop dry matter and stand parameters (2). The need for 
improved y ie ld  models incorporating sa te l l i te  data was described fo r  the Large 
Area Crop Inventory Experiment (2-4)* and by USM personnel aftending the 
briefings. I n  addition to better y ie ld  predictions for the i r  component role 
i n  production, they can also contribute t o  crop identif ication and area 
determination by rernote sensing since expected values o f  y ie ld  indicate the 
condition o f  a standing crop and the probability that an area o r  portion 
thereof w i l l  not be harvested can be computed. Preliminary studies indicate 
that the r cquirements fo r  interpreting Landsat data fo r  y ie ld  may be suffi- 
ciently similar t o  those o f  signature extension that i t  i s  feasible to 
investigate the automated estimation o f  production (4-24). 

-- - 

The mode1 approaches proposed fo r  estimating y ie ld  fm Landsat data are 
based on the w p l i c i t  or  impl ic i t  use o f  crop condition variables. A1 though 
crop condition and Landsat data may be analyzed separately, it should be 
recognized that the ultimate function i s  to employ the results i n  y ie ld  or 
production prediction. A preferable method f o r  describing or quantifying 
crop condition i s  i n  terms o f  expected y ie ld  per un i t  area and conversely, 
expected y ie ld  relat ive t o  normal should provide the best available quanti- 
fication o f  crop condition. 

To date, none o f  the crop condf t ion  indicators described i n  the briefings 
have been functionally related t o  y ie ld  i n  a tested model. Some o f  the crop 

condition indicators -. ---- used i n  the described Landsat-yield studies are detrac- --- - - 
tant cause (3-16), percent green cover (4-ll), redness i n  Landsat color - ---- - - -  - - - 

coqosit& (5-4), threshold index o f  transformed Landsat data (5-7), stand 
quality (5-28), two or three classes o f  stress estimated a t  12.5 x 12.5 n.m. 
coordinates on Landsat images (7-2), and LA1 a t  given growth stages (6-7). 
A correlation between percent green cover and yields was indicated for 

*Number-numbers i n  parentheses refer to pages i n  th is  report. 



. . -- . - - .- . - .- .. - - - - - - - 
observations fra a ~ c I E -  t e s t  si&- (4-11 ) . ~l s o  the correlations between 

lea f  area duration and y i e l d  as reported by We1 bank e t  a1 . are frequently - . - . . 

c i ted (3-1 ) even though these correlations were ins igni f icant ly low o r  

negative f o r  winter wheat. In other cases the f i e l d  measured crop 

, condition-yield comparison i s  omitted- (6-7). The lack o f  y i e l d  mdel  s 

: based on ground observed crop conditiorl variables could be considered one 

o f  the voids i n  the technology f o r  estimating y ie lds fm Landsat. 
- - - - 

The r a i n  potential o r  f eas ib i l i t y  indicators f o r  using Landsat data t o  est i -  
mate y ie l d  are the spot correlations (not models) between MSS data and crop 

c - d i t i o n  o r  yield. Where the same data are used i n  both cases, the correla- 

t i on  between y ie ld  and spectral data appears t o  be as - high - as that  between 
crop condition and the spectral data (4-11 to 13, 5-28). This s imi lar i ty  

suggests that  the spectral data may contain more y i e l d  *infonnationm than 

the individual crop condition parameters. Analytical definit ions o r  stat is-  

t i c a l  proofs o f  the crop condition parameters which are actually 'viewed' by 

Landsat data apparently are not available, and mre than one crop feature may 

be associated with the y i e l d  effects. The yield-tandsat indicator correla- 

ti ons also show changes wi th crop calendar (3-3, 5-27) w i t h  the peak correla- 
I - _  A_----- --__ - -- - - 

tion apparently near heading . Thus ---- seasonal, - geographical, - . and cul tural  - 1;- - 

induced var iab i l i t y  i n  crop calendars must somehow be taken in& -account i n  
y i e l d  models using Landsat. 

-- - - - -  - - -  - - - 

The concept o f  an advanced y ie ld  model Sonsisting o f  both spectral and  

meteorological components was endorsed (2-1 7, 4-25, 5-22, 8-4). Rationale 
f o r  using meteorological parameters originates f rom known between season and 

near harvest dynamics i n  crop environmental -condi t ion-yield re1 aticnships. 

On the other hand, MSS spectral components could both sfmplify and make 

advanced y ie ld  models more accurate by accounting For the multitude o f  y ie ld  

affect ing factors integrated by the crop up t o  the reflectance observation 

the. Studies with the infrared bands planned fo r  Landsat C and Landsat D 
indicate that they w i l l  provide even more crop condition and y i e l d  in for -  

mation than the current Landsat data (3-4). 



As interim or alternatives t o  the d i rect  use o f  Landsat data i n  y i e l d  models, 

the briefings presented tk ind i rect  approaches where Landsat data i s  used i n  
conjunction with avai lab1 e y i e l d  models . Prxedures indicating soae feasi- 
b i l  i t y  were those where Ladsat estimated LA1 i s  input to ET o r  Growth Models 
(6-1 3i, Landsat interpretated overrides t o  crop diagnostic submodels (7-2). 
and mni tor ing the areal extend o f  drought (5-1 t o  9). The improvemnt rela- 
t i v e  to the equivalents o f  these procedures without Landsat data has not been 
experimentally (s ta t is t ica l ly )  evaluated. 

An i n i t i a l  l i s t  o f  technical issues relat ing t o  the develcpment of advanced 
y i e l d  laodeis was presented (2-18), and several new ones were ident i f ied 

during the briefings: 

a Obtaining o r  ident i fy ing accurate estimates o f  t rue yields f o r  specific 

f ie lds  (4-14. 5-22, and 8-4). 

Accounting f o r  within f i e l d  var iab i l i t y  o f  crop condition, yield, o r  s o i l  
m i s tu re  f o r  associated Landsat o r  t h e m 1  data (3-6 and 5-22). - 

Separation o f  crop development stage effects from crop condition var iab i l i t y  
i n  nodel development. 

The lack o f  def in i t ion o f  crop condition o r  features sensed by HSS data and 

lnodels re lat ing ground observations o f  these variables t o  y i e l d  could also be 

considered a technical issue. 

Thus technical rationale and indicators (spot correlations) are the principal 
c r i t e r i a  demonstrating the feasi b i  1 i t y  o f  using Landsat data f o r  y i e l d  es t i  - 
nation. To quantitatively assess the feasibi l  i t y  r e l a t i  ve t o  conventional 

methods o f  estimating y ie ld  s t i l l  requires a considerable amount o f  model 
developnent and testing on independent data. 



References : 

1. Baler, Y. 1977. Note on terminology of  crop-weather models. 
CCI) expert meeting on Crop-Yeather Cbdels, Ottawa, October 11-13. 

2. USDA Statistical Reporting Service. Weather Objective Yield Survey - 
Enumerator Uanwl , annual. 



LACIE EXPERIENCE AND OVERVIEW 

OF JSC YIELD PROGRAM 

J. D. Erickson 



PRODUCT ION 

0 WINTER WHEAT 

0 U , S , AND USSR EST I MATES SUPPORTED 90/90 AT-HARVEST CR I TER I ON 

0 SPRING WHEAT 

0 TENDENCY TO UNDERESTIMATE DUE TO ACREAGE UNDERESTIMATION I N  
U S ,  AND CANADA 

0 UNDERESTIMATE NOT OBSERVED I N  USSR 

0 SUPPORTED 90/90 CRITERION I N  PHASE I AND 11 OPERATIONS 

0 LOCAL PROBLEMS OBSERVED I N  AREAS OF EXTREME WEATHER TESTS 

0 10-YEAR TESTS INDICATED PERFORMANCE MARGINALLY SUPPORTED 90/90 1 N USGP 



TECHNICAL MODIFICATIONS I N  YIELD FOR PHASE I11 

INITIALLY, PHASE I 1  TECHNOLOGY WAS USED 

CCEA I Y I EU) MODELS ARE I N  PHASE I I 

e YIEUI  

(I ,MODIFICATION OF CCEA I MODELS - IMPLEMENTED APRIL 77 

m EXPANDED TO PREVIOUSLY UNMODELED AREAS I N  U, S ,  , USSR 

e REDEFINED MODEL BOUNDARIES I N  U.S. TO ELIMINATE BIASES DUE TO OVERLAP 

e EVALUATION OF SECOND GENERATION YIELD MODELS I N  LIMITED AREAS 

KANSAS, NORTH DAKOTA, 1 USSR AND 1 USSR SW OBLAST 

e PRODUCTION 

e INCORPORATED GENERAL ASSESSMENT OF CROP CONDITION BASED ON CLIMATIC 
AND LANDSAT DATA INTO REPORTS 



LAC1 E PHASE I I I RESULTS-TO-DATE SUMMARY 

ESTIMATE ACCURACIES 

I N  THREE GLOBAL CROP YEARS, LACIE CROP SURVEY TECHNOLOGY HAS PRODUCED 
SIGNIFICANTLY IMPROVED WHEAT PRODUCTION INFORMATION 

r U. S. AND USSR WINTER WHEAT SURVEY ESTIMATES SUPPORTIVE OF 90/90 

N 
CRITERION 1-1/2 - 2 MONTHS PRIOR TO HARVEST 

I 

1 
W PHASE I I I MOD I F  I CAT I ONS PRODUCED S I GN I F I CANTLY IMPROVED EARLY SEASON 

SPRING WHEAT ESTIMATE I N  COMPARISON TO PHASE I I - HOWEVER, KEY 
TECHNICAL ISSUES REMA I N  WITH SMALL F I  ELDS/REG I STRATI ON 

Y I E U I  ESTIMATES SUPPORTIVE OF 90/90 - TEST AND EVALUATION OF MODELS 
MODELS PLUS POOR PERFORilANCE I N  OTHER-THAN-NORMAL WEATHER CONDITIONS 
INDICATES NEED FOR FURTHER IMPROVEMENT 



NASA/JSC YIELD R8D OBJECTIVES 

GENERAL - DEVELOP IMPROVED TECHNOLOGY TO PREDICT MORE ACCURATELY AND WITH KNOWN 
CERTAINTY, VALUE OF YIELD PER HARVESTED ACRE WHICH CAN BE USED I N  
PRODUCTICN FORECASTING FOR LARGE U,S, AND FOREIGN REGIONS AT REGULAR 
INTERVALS PRIOR TO HARVEST 

SPECIFIC - OBTAIN MODELS NHICH: 

e ARE UNIVERSAL I N  APPLICABILITY WITH A MINIMUM OF ANCILLARY DATA 

ARE MORE RESPONSIVE TO WEATHER -- ESPECIALLY ABNORMAL AND 
EP I SOD I C KEATHER 

INCORPOPATE DIRECT OBSERVATION OF CROPS, WEATHER, SOILS, AND SOIL 
MOISTURE FROM SATELLITES 

e SUPPORT THE IDENTIFICATION OF PARTICULAR CROP I N  REMOTE SENSING 
PROCEDURES 

e FLEXIBLE AND EFFICIENT TO OPERATE AND UPGRADE 



~ ~ 7 8  YIEUI-RELATED SUPPORTm'G RESEARCH & TECHNOLOGY 

KSU - FEYERHERM 
CONTINUE DEVELOPMENT AND TEST I NG OF KSU Y I E D  MODEL 

KSU - MNEMASU 
CONTINUE DEVELOPMENT AND TESTING OF KANEMASU GROWTH AND YIEUI  MODELS 

USDA/ARS - WHEAT YIELD MQDELING TEAM 
COLLECT DATA AND DEVELOP AN ADVANCED WHEAT YIELD MODEL 

USDA/ARS - BLACK (FY77) 
DEVELOP A MODEL OF W I NTERKI L L  PERCENT 

DPRA (FY77) 
DEVELOP A WINTER WHEAT STARTER MODEL AND IMPROVED CROP CALENDAR MODE! 

RFP 
DEVELOP I NPROVED TECHNIQUES FOR US I NG METSAT I NFORMT ION TO INTERPOLATE 
PRECIPITATION AMONG FIRST ORDER STATIONS AND DERIVE SOLAR RADIATION 
ESTIMATES: PROVIDE I N  A FORMAT WHICH NOAA CAN IMMEPIArELY USE 

RFP 
DEVELOP A HYBRID YIELD MODEL BASED, PERHAPS ON THE FEYERHERM AGROMET 
MODEL AND INCORPORATING LANDSAT - DERIVED (ET/ETP) OVERRIDES 

RFP 
DEVELOP A MET-BASED MODEL WHICH PREDICTS CEOP LANDSAT SPECTRAL 
APPEARANCE ON ANY CALENDAR DATE 



oRlGW.4L PAGE IS 
OF POOR QVALRY 

EXAMPLES OF YEAR-TO-YEAR VARIABILITY I N  LARGE A ~ E A  
CROP YIELDS 



NASA-S.77.12053 

YIELDS ARE DETERMINED BY THE INTEGRATED EFFECTS 'OF 
BASIC SOILS, CLIMATE AND CULTURAL FACTORS BY CROPS 

\ 

YIELD MODELLING OBJECTIVE - SPATIAL VARIATION ON: 
MATHEMATICALLY ORGANIC dr MINERAL COMP 

ACCOUNT FOR AS MANY PHY SlCAC STAT US 
AS POSSIBLE OF THE SOIL, WEATHER, CHEMICAL STATUS 

AND CULTURAL EFFECTS ON YIELDS 

MOISTURE HEAT 
RADIATION MOMENTUM 
C02/02 CONCENTRATlONS 

VARIETIES FERTILIZATION 
CROP CALENDER x DISEASES TILLAGE 81 CROP ROTATIONS 

SOIL x VARIETY 
PEST CONTROL 

iRTILITY MOISTURE 

INTERACT IONS 







FIRST GENERATION 
WHEAT YIELD MODEL 



TEST AND EVALUATION RESULTS - SUMMARY TO DATE 

e BAS I C AGROMET REGRESS I ON !MODELS (CCEA 1 CONDITIONALLY MEET 90/90 HYPOTHESIS 

e POWER OF 10-YEAR TEST RELATIVELY LOW AND INDEPENDENCE OF SAMPLE RESTRICTED 

a OBSERVED AMPLITUDE ABOUT MEANS OF PREDICTED YIELDS I S  SMALL COMPARED TO ACTUALS 

0 CASES O f  BIAS OBSERVED I N  INDIVIDUAL MODEL REGIONS 

0 CASES OF LARGE SINGLE YEAR ERRORS I N  INDIVIDUAL STRATA ARE OBSERVED 
Y 
t: a VARIANCE COMPUTATI ONS VALID 

e POTENTIAL IMPROVEMENT BY SECOND GENEWION MODELS INDICATED BUT NOT YET 
DEMONST RATED ON FULL REG ION (90/90) CRITERIA 







HYBRID 1 
SPECTRAL AND 

AGRO-METEOROLOGICAL 
YIELD MODEL CONCEPT 





AGRO-METEOROLOGICAL 



RATIONALE FOR METEOROLOGI CAL-SPECTRAL HYBRID. MODELS 

r, FOR METEOROLOGICAL PARTS 
e ENVIRONMENTAL CONDITIONS AT CRITICAL TIMES I N  CROP'S L!FE CYCLE CAN AFFECT 

Y IEU] WITHOUT CHANGING ITS APPEARANCE 
r, I N  MOST GRAIN CROPS THE Y IEU) COMPONENT I S  HIDDEN FROM VIEW AND VARIES I N  

PROPORTI ON TO THE V I S I BLE VEGETATIVE COMPONENTS 
e CAN UTILIZE AVAILABLE DATA SOURCES WtlICH ARE INDEPENDENT OF CLOU3 COVER 
e INCORPORATE EXTENS I VE MODEL1 NG EXPER I ENCE 

e FOR SPECTRAL PARTS I 
t-' 
V 

r, STANDING CROPS INTEGRATE MOST ENVIRONMENTAL AND CULTURAL EFFECTS UP TO ANY 
POINT I N  TIME, THUS HAVE POTENTIAL FOR DIRECT ASSESSMENT OF NT STRESS OR 
DAMAGE,, ,YIEUl 
CORRELATION OF SPECTRAL D I FFERENCES WITH F I  EUI-TO-FI ED Y I E U I  DIFFERENCES 
DEMONST RATED 

r, DATA I S  NOT SUBJECT TO ACCURACY DIFFERENCES BETWEEN REGIONS 



" 'YNICAL ISSUES 

DEFiNTION OF OPTIMUM AGROPHYSICAL STRATA FCIR YIELD AND AREA ESTIMATION 
Q U A L I V  CONTROL AND STA~iOARD IZAT ION OF MODEL BU I U) I NG, TEST1 NG, AkD OPERATIONAL DATA 
SAMPLING ENVIRONMENTAL FACTORS FOR FULL STRATA PREDICTION VS, PREDICTING Y IEU) FOR A 
SAMPLE OF A STRATUM 
OPTIMUM COORDINATES AND FREQUENCY FOR INTERPRETATION OF METEOROLOGICAL INPUTS FOR ANY 
PARTI CULAR MODEL 
DEFINITION OF CROP FEATURES VIEWED BY REMOTE SENSORS AT VARIOUS TIMES OF SEASON 

ACCOUNT I NG FOR MITH I N  AND BETWEEN STRATA VARI AB I LITY OF CROP CALENDARS, SO I L CHARACTERIS- 
T I  CS AND MANAGEMENT PRACTICES 
e ADEQUATE AGROMET AND SPECTRAL ME','HODS TO PREDICT PIANTING AND CROP DEVELOPMENT STAGES 

a ADEQUATE MODELS TO TRACK SO1 i MOISTURE AVAILABILITY TO CROPS 
CEVELOPMENT OF I NTERCHANSEABLE SPECTRAL OR METEOROLOGICAL INPUTS FOR A COMMON Y I ED MODEL 
ESTIMATION OF FACTORS WHICH CAUSE TREMDS I N  YIELD 
DEFINING EFFECTS OF EPISODAL EVENTS WHICH ARE NOT TAKEN INTO COMPLETE ACCOUNT BY A MODEL 
USE OF IARDSAT-C THERMAL BAND DATA iN PREDICTING YIELD 

UTILIZATION OF SERIAL CORRELATIONS (TINE, SPACE, AND CHOP TYPES) INTO YIELD PREDICTIONS 
APPROPRIATE TEST AND EVALUATION 



SECTION 3 

ON WINTER WHEAT YIELD FROM LANDSAT AND LANDSAT 
FOLLOW-ON SATELLITES 

J .  C, Harlan, Jr. 
Remote Sensing Center 
Texas AIM University QRIGNAL PAGE IS 
College Station, Texas OF pi )OR 01- .! .,.Pi 

The feasibility for determining winter wheat yield from earth ob- 
servation satellite data has been examined. T5e desirability of 
utilizing crop observations for yield estimation is due in part to 
the limitations of meteorological yield models. Models based on 
meteorological data are adversely affected by the sparseness of 
weather stations. In addition, yield reducing factors which are 
not weather-related --  such as .nsects, diseases and soil fer- 
tility - -  are difficult to quantify for inclusion in the models. 
The hypothesis that wheat yield can be determined from multitemporal 
Landsat data is based on work relating grain yield,to the size and 
duration of the crop photosynthetic system and on studies relating 
Landsat data to green biomass. Cereal crop grain yield can largely 
be attributed to the photosynthesis dcring the growth and maturation 
of the grain [I]. The amount of photosynthesis depends on two 
factors: the size and duration of the photosynthetic system; and 
the efficiency of that system. 

The correlation between green biomass and the Transformed Vegetation 
Index has been established [ 2 ,  3, 41. The size of the photosynthetic 
system of wheat is reflected in the Landsat measurement of green 
biomass. Likewise, the duration of the system is determinable from 
repetitive Landsat coverage. The system efficiency is variety de- 
pendent, not measurable from Landsat, and, therefore, a noise factor. 

in this study data has been analyzed for selected locations in the 
southern Great Plains region of the United States, from four crop 
years. High resolution spectral data acquired of commercial wheat 
fields were used to simulate data from Landsat and projected Landsat 
Follow-On sensors. Actual Landsat data were used as well. Field- 
by-field yield data were acquired from farm~rs in terms of actual 
harvested grain weight or from the U.S. Department of Agriculture 
(USDA) in terms of yieldjarea extrapolated from field sa~nples. 

All Landsat data utilized in this study were treated under a stand- 
ard procedure. The data preprocessing consists of 1) application 
of a cosine correction for suL angle so that the sun appears to 
have been at zenith; 2) groupin5 pixels by individual land units 
(in this case, farmers* fields); and 3) calculation of the Landsat 
band mean vectcr and correlation iatrix for each of the fields. 
The Trarsformed Vegetation Index (T'?) is calculated from the 
following equation: 

Work supported by the U.S. National A e r o n a u i  nd Space Adminis- 
tration through contract NAS9-14470. - -  - - _ _  _____  _ _ _ . - _ 



Where the  MSS values a r e  t he  mean radiances (sun angle corrected)  
f o r  t he  given f i e l d .  

S-191H s p e c t r a l  r e f l ec tance  da ta  ( f i e l d  spec t ra  referenced t o  a 
barium s u l f a t e  coated panel) were processed tc  t he  bandpasses of  
the  Landsat MSS plus two o ther  near in f ra red  bands, one of  which 
is equivalent  t o  t he  1.55-1.75 wn band proposed f o r  the Thematic 
Mapper f o r  Landsat D. The-bands a r e  iven below. Vegezation param- 
e t e r s  (VP) of t he  same form a s  the  TV f were u t i l i z e d  with the- S- - 
191H re f lec tance  data,-- These parameters-each use  two of t he  band- 
passes a t  one time as follows: 

t:fiIG3-X!. P.?GT ':? 
and i - Band 2 + 0. 1.- 1 . . - 7 7  

V P Z i  = r", . . A and i + Band 2 

a e r e  i = 3, 4, 5 and 6; t h e  Band values a r e  the  mean re f l ec tance  
values f o r  the  given f i e l d  and t he  baid limits a re :  

Preliminary t o  determining t he  re la t ionsh ip  of y i e l d  t o  spec t r a l  
da ta  the  cor re la t ion  between Landsat TVI, ca lcula ted  from sun angle 
corrected radiance v3lues, and t he  S-191H vegetat ion parameters, 
ca lcula ted  from re f l ec tance  was determined. Landsat-1 and the  S- 
191H acquired da ta  on t he  same date  twice during t he  spr ing of  1974 
(3/16 and 5/27) and once within a day of each o the r  n d e r  the  same 
atmospheric conditions (4/3 and 4/4). To compare the  da ta  s e t s  from 
the  two sensors,  the  TVI and VPZi values were ca lcu la ted  f o r  a l l  
wheat f i e l d s  observed by both. Regression analys is  of  t he  TVI ver-  
sus each of the  S-191H vegetat ion parameters produced the  r e s u l t s  
expressed i n  Table 1. Correlat ion coe f f i c i en t s  f o r  TVI versus VPZi 
a r e  given f o r  each date.  For each da t e  VP23, VP24-and VP25 a r e  
seen t o  be very highly cor re la ted  t o  the  Lzndsat TVI. VP26, where 
band o i s  the  1.55-1.75 vm Thematic Mapper band, i s  r a d i c a l l y  d i f f e r -  
en t ,  however, p a r t i c u l a r l y  during r ipening (5/27). VP26 does not  
measure the  same th ing,  then, and the  1.55-1.75 vrn band pass must 
cocta in  w i q u e  information. 

The f i r s t  e f f o r t s  i n  the  inves t iga t ion  were applied t o  data  co l l ec -  
t ed  a t  one s i t e  during the  1973-1974 crop year.  Seven Landsat ac-  
qu i s i t i ons  of a 4.8 by 4.8 km (3 by 3 mile) commercial farming area  
were examined which covered a l l  grokth s tages  from f a l l  e s t ab l i sh -  
ment t o  r ipe .  TVI values were determined f o r  each Landsat pass f o r  
23 wheat f i e l d s  f o r  which y i e ld  d. i ta  were avai lable .  The y i e ld  
values ranged from 0.86 t o  4.035 metr ic  tons/hectare (12.8 t o  60.0 
bushels/acre) .  Linear regressions were applied with y i e ld  as  the  
dependent va r iab le  and TVI o r  (TVI)~  f o r  each date  a s  the  indepen- 
dent var iables .  The bes t  combinations of va r iab les  from th r ee  o r  
l e s s  Landsat acqu i s i t ions  a r e  given i n  Table 2 .  More va r iab les  d id  
not  s i gn i f i c an t l y  improve t he  re la t ionship .  Results  f o r  four o r  



- - - 

TABLE 1 Correlation Coefficient 
Between S-191H Vegetation Parameters and LANDSAC TVI 

less passes are the most useful since it is unlikely that more bio- 
phases than that could be consistently acquired of a given site by 
Landsat due to cloud cover or snow on the ground. 

-~ - - 

TABLE 2 Bushland 197311974 Yield Estimation 

7 

VP26 

0.562205 

0.656690 

-0.027195 

Date 

3/16/74 
Jointing 

4/4/74. 
Jointing 
5/27/74 
Ripening 

Regression Models from Landsat TVI Values 

VP2 3 

0.944816 

0.903736 

0.899234. 

The results from the Bushland analysis were very encouraging. Tht 
work since that time has been dedicated to testing the Bushland 
technfque. The first data set used in the testing is that from 
S-191H observ~tions over western Kansas farms during 1974/1975. 
From the correlation between TVI and VPZ4 the ability to simulate 
TVI data from S-191H values was established. For each of the seven 
dates, representing five biophases the simulated TVI values were 
calculated and linear regressions again rW, this time with TVI- 
cubed and TVI raised to the fourth power as additional variables. 
The actual biophases and variables chosen were somewhat different 
from the Bushland set. The RZ values were also 10%-20% lower for 
western Kansas. Even so, the results indicate that the Landsat- 
derived parameters by themselves could explain most of the varia- 
tion in the observed yield data. 

The other S-191H vegetation parameters were also calculated for 
each wheat field. Regression analyses were run for each vegetation 
parameter using the VP value and its square as variables to deter- 
mine the capability for explaining yield variation through other 
vegetation parameters besides TVI (VP24) and, specifically, to 
examine the use of the Thematic Mapper bznd, 1.55-1.75 pm (S-191H 
band 6). 

VP24 

0.946827 

0.923658 

0.882267 

Order of 
Equation 

2 

2 

2 

1 

R~ 
0.874 

0.861 

0.888 

Table 3 sumnarizes the results of the regression analyses utilizing 
the S-191H vegetation parameters. Using no more than four passes 
it is apparent that each vegetation parameter is cayable of explain- 

VP25 

0.944610 

0.910313 

0.854460 

Number of 
Variables 

3 - 

3 

5 

Number/Names 
of Biophases 

2/Fall establishment (11/28/73) 
Heading (5/8/74) 

2/Tillering (12/16/73) 
Heading (5/8/74) 

3/Fall establishment (11/28/73) 
Tillering (12/16/73) 
Heading (5/8/74) 



- 
ing most of the  y i e ld  var ia t ion.  As noted above the VP26 contains 
d i f f e r en t  information than VP24 and VP25. This comes through again 
i n  t h a t  d i f f e r en t  bioptsses were chosen when using VP26, while the  
resu l t ing  R2 values were comparable t o  those obtained using t he  
other two parameters. It tan be concluded t h a t  although no apparent 
increase i n  y i e ld  estimation accuracy occurred by using the  1.55- 
1.75 vm information i n  t h i s  vegetation parameter the  f l e x i b i l i t y  of 
using the  s a t e l l i t e - b o n e  Thematic Mapper i n  y i e ld  est imation w i l l  
be greater  s ince  more combinations of th ree  o r  four cloud f r e e  
passes could be used with t he  same accuracy. For example, i f  til- 
le r ing  and r ipening were t he  only cloud f r e e  passes, then TVI 
could be used; while i f  jo int ing and heading were good, but t i l l e r i n g  
not ,  then "TVI26" could be used where the  2 and 6 were, respectively,  
the  MSS 5 equivalent and the  1.55-1.75 pm band. 

- - -- - -- - - 

TABLE 3 Regression Model Results From Landsat Band 
and Proposed Sensor Band Parameters 

-. . - - . - 

Results of work r e l a t i ng  temporal s e r i e s  of vegetation parameter values 
t o  wheat y ie ld  pointed out t h a t  some important y ie ld  influencing 
fac tors  were not accounted f o r  i n  the data  s e t .  This conclusion was 
evident because algorithms developed f o r  one locat ion o r  one year were 
not accurate when applied t o  another locat ion o r  even a second year 
a t  the  same location. Consequently two approaches f o r  fu r the r  work 
were taken. 



One to be done in-house at NASA/Johnson Space Center involved 
examination of the TVI yield estimation technique in a year-to- 
year mode. That is, determining if estimates of year-to-year 
variation of yields corresponded to variation of TVI at certain 
growth stages. The approach involved combining the temporal series 
of TVI values per year per field or CRD (crop reporting district) 
unit into terms TVI(75-76)' and 'TVI(76-77)'. These would be 
combined with the known yield for crop year '75-L76, 'Y(75-76)'. 
to determine an estimate of the '76-'77 yield, 'Y(76-77)': 

TVI (76-77 f(76-77) - Y(7S-76) t -4 
The accuracy of these yield estimates would be determined by com- 
paring against ASCS- and SRS-reported yields for '76-'77. 

The second approach, imple~ented ;; Texas A&M University, involves 
examining the respoase of multispectral scanners to occurrences of 
yield detractat phenomena such as drought and disease. The empha- 
sis is being placed on quantifying the relationship between crop 
condition and scanner parameters. The ultimate goal is to increase 
the universality cf Landsat-based yield estimation techniques. 

Johnson Space Center Agricultural Field Measurements Program data 
are used exclusively since there are no other sources of such infor- 
mation. NASA helicopter-borne spectrometer (S-191H) and truck- 
mounted spectrometer data have been used to simulate Landsat MSS and 
Thematic Mapper band values. These are used in conjunction with 
agronomic ground data acquired by the USDA/ASCS and NASA/JSC in 
support of the Field Measurements Program flights and Landsat passes. 
Data have been used from the 1974-1975 and 1975-1976 crop years at 
both the Williams County, North Dakota, I~tensive Test Site and 
Agricultural Experiment Station and from the Finney County, Kansas, 
Intensive Test Site and Agricultural Experiment Station. 

.- 

At the writing of this document analysis of the responses of indi-- 
yidual scanner-bands to yield/growth detractant occurrences is nearing 
completion. Analysis of the visible and reflective infrared band 
values substantiates the unique character of the proposed 1.55- 
1.75 vm Thematic Mapper band 5 mentioned above. When fields were 
grouped by ASCS-reported detractant (no detractant, drought, uneven 
stand, or weeds) for a given growth stage the reflectance within the 
Thematic Mapper band 5 was generally different for "detractant" 
groups than for "no-detractant" groups (control fields). This was 
also true, but to a lesser extent, with a band between 2.10 and 
2.35 pm. It was not thz case with ef-ther the present Landsat MSS 
bands of the Thematic Mapper bands 1 through 4. The Thematic Mapper, 
therefore, appears to afford future analysts the opportunity to 
classify wheat into condition classes or groups, related to probable 
yield, on each satellite pass. 

A separate analysis scenario of the simulated Landsat C and Thematic 
Mapper thermal infrared band data for the Kansas Ictensive Test Site 
has been applied. After eliminating advection from upwind fields as 



a source of radiative temperature difference, within-field causes 
for differences were hunted. Spots within several fields were noted 
as relatively warmer or cooler than the mean field value on not one, 
but two separate dates three weeks apart (April 18 and May 6, 1976). 
A comparison of soil maps and relative canopy density (from aerial 
photos) has shown that, in general, the warm spots occur on patches 
of silt loam soils supporting less dense vegetation than the major- 
ity of the field area. These patches are more droughty than the 
most prevalent soil in the site. On the other hand the cooler spots 
are found in patches of clay which tend to retain moisture. The 
primary response of the thermal infrared band appears to be from the 
combination of moisture and canopy cover. Analysis is proceeding in 
this area in an attempt to qrantify the thermal band sensitivity to 
these scene factors. The thermal band of Landsat C, to be available 
in 1978, should be valuable in interpreting crop condition from 
scanner data. 

1. P. J. Welbank et al., Annals of Botany, N.S. 30 (118) 291 (1966). 

2. J.  W. Rouse, Jr. et al., in: Third ERTS-1 Symposium, NASA- 
Goddard Space Flight Center, 1973, p. 309. 

3. R. H. Haas et al., in: Earth Resources Survey Symposium, NASA- 
Johnson Space Center, 1975, p. 45. 

4. D. 1. Deering et al., in: Tenth International Symposium on 
Remote Sensing of Environment, Unive~sity ot Michigan, 
r955, P- 1169. 
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Figure 3 -3 .  Rodizncc Values for .a Lon yielding Irrigated 
n e t t  F i e l d .  







LANDSAT AND OTHER PROPOSED SENSOR BANDS 

LANDSAT PLUS 2 OTHERS THEMAT I C MAPPER 

0.48-0153 
0 , 53-0 , 60 
0,62-0, 68 
0,74-0,91 
1 55-1.75 
THERMAL I R  



F I NNEY CO , 
REGRESS I ON MODELS FROM S I MULATED TV I VALUES 

R~ NUMBER OF 

VAR I ABLES 

NUMBER/NAMES 

OF BIOPHASES 

ORDER OF 

EQUATION 

 TI LLER I NG (3/20/75) 
RIPENING (6/9/75) 

0,777 4 3/71 LLER I NG (3/20/75) 4 
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CO!jCLUS 10"s FRO11 PREVI OCS COliTRACT WORK: 

AEID/OR YEARS. FACTORS NOT. ACCOUNTED FOR BY THE VEGETATION 

PAHA.'IETERS NEED TO BE EXAMINED. 

AS A JSC IN-H3USE PR3JECT TO ESTIMATE YEAR-TO-YEAR VASIATION 

I N  Y I E L D  FRbM CORRESPONDING VARIATION OF THE VEGETATION 

PARAMETER WI AT SELECTED GROWTH STAGES, 

WAS DEVELOPED FROM PHOTOGRAPHY AND LA1 MEASUREMENTS TAKEN 

FOR THE AGRI CUL;URAL FIELD ~~EASUREMENTS PSOJECT AT TtiE 



ISSUE : IMPROVED Y I EUI MODELS - .  
PRESENT TASK: STRESSj STANLi QUALITY AN9 CROP CONDITION FROM 

SCANNER DATA 

OBJECTIVES RELATED TO ISSUE: 

I) DETERMINE THE RESPONSE OF MULTISPECTRAL SCANNERS 

(LANDSAT 1 AND 2 RSSj LARDSAT C MSS AND THEMATIC 

MAPPER) TO OCCURRENCES OF YIEU) DETRACTANTS SUCH 

AS DROUGHT AND DISEASE, 

APPROACH : 

1) USE FSS AND TRUCK SPECTROMETER DATA FROM FINNEY  COUNT^ AND 

WILLIAMS COUNTY SUPERSITES FOR 1974/1975 AND 1975/1976 TO 

DETERMINE LANZSAT MSS AND THEMATIC MAPPER REFLECTANCE VALUES, 

2) CALCULATE VEGETATION PARAMETERS FROM THE REFLECTANCE VALUES 

AND CORRELATE THEM WITH CROP CONDITION TO DETERMINE STRESS 

EFFECTS 

3) SUMMARIZE RESULTS AND ANALYZE AND INTERPRET >-?EM I N  TERMS 

OF IDENTIFICATION AND QUANTIFICATION OF STRESSES AND THEIR 

EFFECTS 1 



1975 8 1976 KANSAS WINTER WHEAT : 
DEPENDENCIES OF SPECTRAL DATA ON GROUND DATk 

-- 
SCANNER BkYD W I THOUT EETRACTANTS WITH DETMCTkNTS 

MSS 6 STAND QU AL I TY DETRACTANTS \ WEEDS, 
UNEVEN 

MSS 7 STAND QUALITY DETRACTANTS 1 STANDS 

m3 ---- DETRACTANTS WEEDSJ 

UNEVEN 

f l 4  STAND QUAL 1TYj  DETRACTANTS STANDS- 
CANOPY HEIGHT 

) YEARS 
DE TRACTANTS 

"GROWTH STAGE AND PERCENT GROUND COVER WERE BOTH CORRELATED WITH 
EACH BAND. 

STAND QUALITY - 1 TO 6 
GROWTM/Y I ELD DETRACTANTS - CODED 
GROWTH STAGES - 1 TO 10 
GROUND COVER - 1 TO 5 IN 20% INCREMENTS 
CANOPY HEIGHT - I N  INCHES 







,Winter Wheat, Kansas 1975, Growth Stage: Fully headed 

Crowth/Yield , 

Detractants 
;* No Detractant 

:MuH ispkc trol  Scanner Bnnd:s 

'a Drought 

YIELI)/GROIVTH DETRACTANT CLASS MEAN REFLECTANCE VALUES IN SELECTED-SCANNER BANDS 



Wintsr Wheat, Kansas 1975 .  Growth Stage: Fully headed 

Growth/Yield 
Detractants 
+3 No detractant 

+ Drought 

h l u l t i  spec t r a l .  Scnnner ,Bands 



Winter Wheat, Kansas 1976. Growth Stage: Beginning to ripen 

M S S S  

MultAspoc.trn1 Scanner Bands 

&ow t h / f i e l d  
Detractants 
a No detractantq 

I 

I + Drought 
.I 

+ Uneven stand 

Weeds 

YIELD/GROWTIf DETRACTANTS CLASS MEAN REFLECTANCE VALUES IN CERTAIN SCANNER BANDS 





'Winter Wheat, Kansas 1976.  Growth Stage: Ripe, mature L. 

:* Drought i 
I 

* Uneven stand 
I 

I 1 1 I I u 

hiss4 MSS5 MSS6 MSS7 TMS 2 i 2 p m '  

Mult ispectral  Scanner Bands 

YIELD/GROWT!1 DETRACTANT CLASS b1CAN REFLECTANCE VALUES IN C E R T A I N  SCANNER BANDSj 



ih ' in , ter .#heat ,  Kansas 1976 .  Growth Stage: Ripe,mature 

, Growth/Yield D e t r a c t a n t s  . 

t *  No d e t r a c t a n t  

, t Drought I 

I 
I + Uneven stand.  

TM 1 Tb12 TM 3 Tb14 
\ 

. hluht i s p e c t r a l  Scanner Bands. 

YIELD/GROWTII DETRACTANT C L A S S  MEAN REFLECTANCE VALUES 1 N . S E L E C T E D  SCANNFR  BANDS^ 
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PUlS FOR FURTHER AIlAL'fS I S  : 

a COMPLETION OF PRESENT TASKS BY ROVEP~BER 30, 1977 
(END GF CONTRACT) , 

FOR "IMPROVED YIELD I~ODELS" - DEVELOP ALGORITHMS 

RELATING SPECTRAL RESPONSE TO Y I E L D ,  

0 FOR "LANGSAT C USE" - CORPLETE EXAMINATION OF THERMAL 

DAND SENSITIVITY TO CHANGES IN SCENE FACTORS, DELINEATE 
TatLSE RELATIONSHIPS FOR USE AS INTERPRETATION TOOLS, 

0 FOR "R & 2 DATA SET AVAILAE~LITY" - COMPLETE DEVELOPNENT 

AND TEST THE NON-DESTRUCT IVE LA1 TECHNIQUE , 



SECTION 4 

WORLDWIDE bXEAT PRODUCTION FORECASTS USING LANI)SAT DATA? 

** - 
Bichard F. Nalepka 

ABSTRACT 

Discussion is  presented of t b  philosophy, background, and a c t i v i t i e s  

ca r r i ed  out  a t  ERIN t o  u t i l i z e  Landsat d a t a  t o  help  fo recas t  t h e  y i e l d  and 

production of wheat. Results  a r e  presented which demonstrate :he empir ica l  

r e l a t ionsh ips  between wheat y i e l d  and percent green wheat cover, percent 

green wheat cover and a Landsat green measure, and vhezt  y i e l d  and t h e  Land- 

s a t  green neasure. Corre la t ions  of e a r l y  season Sandsat estimates of  y i e l d  

with farmers harvested y i e l d  a r e  shown t o  be as good o r  b e t t e r  than more 

conventional es t imates  made l a t e r  i n  rbe  growing sezson. The var iance  i n  

y ie ld  accounted f o r  by Landsat va r i ab les  is a l s o  shown t o  p a r a l l e l  t h a t  

accounted f o r  by severa l  important c u l t u r a l  va r i ab les  (de ta i l ed  i n f o m a t i o n  

on these  var iables  vould normally not  t e  ava i l ab le  i n  an operat ional  systan).  

Results  of y i e l d  predic t ion extension a r e  a l s o  presented. 

A discussion of a neu d i r e c t  production forecas t ing procedure using 

Landsat data  is presented which p o t e n t i a l l y  overcomes many of the  s e r i o u s  

problem (e-g., small  f i e l d s  a ~ d  cloud cover over s p e c i f i c  s i t e s )  being 

faced by o the r  avai lable  approaches. I n i t i a l  t e s t  r e s u l t s  &re presented 

which denonstrate q u i t e  accurate  e a r l y  season fo recas t s  of production over 

regions a s  small a s  LACIE s i t e s  and as l a r g e  as a crop re;.orting d i s t r i c t .  

Fttrther a c t i v i t i e s  a r e  reconmended t o  inves t iga te  t h e  use of Landsat 

da ta  f o r  iden t i fy ing  crop condit ion and es t imat ing y i e l d  and t o  i n v e s t i g a t e  

the  j o i n t  use of Landsat d a t a ,  Metsat da ta ,  and agromet models. A s t rong  

recommendation is made t h a t  d i r e c t  wheat product1 nir fnr~ca -r !ns  pmcedzres 

should be fu r the r  developed and evaluated. 

* 
Presented the Landsat Crop Condition and Yield ~ r i e f i n g  held a t  

NASA Headquartez, on Septeaber 27,  1977. 
** 

M r .  N a l e p a  is the  Head of the  Mu1tispec:ral Analysis Section of the 
Enviromental  Research I n s t i t u t e  of Xichigan's (ERLH; Infrared and Optics 
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WORLDWIDE WHEAT PRODUCT1 ON FORECASTS US1 NG W D S A T  OATA 
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BACKGROUND 

! THEORETICAL STUDY FOR NASA/JSC IN EARLY 70's USING ERIM GROWTH ANJ 
I 

I ' CANOPY REFLECTANCE MODELS TO INVESTIGATE THE POSSIBILITY OF 
I 
I SUCCESSFULLY USING SATELLITE MSS DATA TO A ID  I N  FORECASTING 
I 
I WHEAT YIELD 
i 
I 

I 
\ . EMPIRICAL IeIVESTIGATION FOR #ASA/GSFC TO ESTABLISH HOW WELL: 

- LANDSAT DATA CAN RE USED TO ESTIMATE FIELD VEGETATIVE 
CONDITION 



S ITES EXAM l NED 

1 KANSAS (74-75 R 75-76) 
\ 
I LAClE INT E N S I V E  TEST SITES 







i ISSUES ADDRESSED IN SATISFY I NG IIJVESTI GATION OBJECTIVES 





Percent  Green Wheat Cover 
I 

ERIM NEASURZMENTS, OF PERCENT COVER VS GRIEAT YIELD 
onibi.ned 197G and 1975 Data) I c _  ---- ___ 

FIIJNEY I T S  
2 YRS. 9 FIELDS EACH.. - I  

M I  D-MAY 
ERIM 

! 



Landsat Green Measure (SQ75) 

LANDSAT GREEN MEASURE VS ERIM MEASUREmNTS 
OF PEKENT-G-REEN WHEAT COVER -. 

CORRELATION = ,98 





CORRELATI9NS OF FARMERS Y I EUI WITH F I  ilD ESTIMATES 
AND LANDSAT ESTI!IATES OF Y I ELD 

** 
AGRICULTURAL STARILIZATION AND CONSERVATION SERVICE ,SUBJECTIVE 
ESTIMATES,  RIM 
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MAJOR PREMISES OF ERIM DIRECT PRODUCTION FORECASTING 

AT A SPECIFIC TIME OR TIMES IN THE GROWTH OF WINTER WHEAT ONE 
CAN ESTABLISH A STABLE RELATIONSHIP BETWEEN A LANDSAT GREEN * 

MEASURE AND THE PRODUCTION OF WHEAT 

AS A RESULT OF SPECTRAL DIFFERENCES OR SPECTRAL./TEMPORAL DIFFERENCES 
BETWEEN WHEAT AND NON-WHEAT, NON-WHEAT PIXELS WILL CONTRIBUTE 
MINIMALLY TO THE FORECASTS OF WHEAT PRODUCTION 

, LANDSAT PIXELS CONTA I N  I NG BOTH WHEAT AND NON-W~EAT (E , G ., BOUNDARY 
PIXELS) WILL PROVIDE AN INTERMEDIATE GREEN MEASURE THEREBY LEADING I 

TO FORECASTS OF PRODUCTION FOR SUCH PIXELS WHICH ARE INTERMEDIATE I 

AND CORRECT, 



ERIM DIRECT PRODUCT ION FORECAST PROCEDURE 

STRATIFY REGION TO BE PROCESSED ACCORDING TO CROP CALENDAR 

S E L E ~ T  PREVIOUSLY ESTABLISHED PRODUCTION-PREDICTIVE RELATIONSHIP APPROPRIATE 
TO STRATUM 

. I 

i AUTOMATICALLY SCREEN LANDSAT DATA TO DEFINE BAO DATA, CLOUDS, CLOUD SHADOWS) 
DENSE HAZE, AND NON-WHEAT CATEGORIES SUCH AS WATER, TREESJ AND- URBAN AREAS 

FOR EACH STRATUM AND EACH PIXEL TO BE PROCESSED (PERHAPS A SAMPLE OR 
PERHAPS A L L  NON-SCREENED PIXELS) DETERMINE LANDSAT GREEN MEASURE AND 
ESTIMATE PRODUCTION 

DETERMINE FINAL STRATUM PRODUCTION FIGURE BY ADJUST I NG ACCUMULATED STRATUM 
PRODUCTION TO ACCOUNT FOR SCREENED P I X E L S  



POTENTI AC ADVANTAGES OF ERIM DIRECT PRODUCTION FORECAST PROCEDURE 

ELIMINATES NEED TO LOCATE AND IDENTIFY Fl ELDS 

PROVIDES AN APPROACH TO OPERATING I N  REGIONS OF SMALL 
OR IRREGULARLY SHAPED FIELDS 

ACCOUNTS FOR NON-UN IFORMITI ES IN FIELDS 

ADDRESSES REDUCED TOTAL PRODUCTION DUE TO DISEASE, 

DROUGHT, ETC 1 

MAY ELIMINATE NEED FOR YEARLY TRAINING 



I NIT1  AL RESULT FROM ERIM D l  RECT WHEAT PRODUCTION FORECAST PROCEDURE 
(Two LACIE INTENSIVE TEST SITES) 



FURTHER RESULTS FROM ERIM D I  RECT WHEAT PRODUCTION FORECAST PROCEDURE 
I (TEN COU:ITIES OF KANSAS CENTRAL CRD) 

2 I T S  -b 3 BLIND S I l E S  

LANDSAT TRIJE ERIM PRODUCTION E ~ R O R  
:OVERPASS PRODUCTION FORECAST (PERCENT) 

17 APR 76 5.38 x l o 6  BUSHELS 5.24 x l o 6  BUSHELS 2.6 





CONCLUSIONS 

LANDSAT DATA CAN BE EFFECTIVELY USED TO ESTIMATE CERTAIN VARIABLES WHICH 

ARE REQUIRED I N  E X I S T I N G  Y I E L D  MODELS (SUCH AS LA1 OR PERCENT COVER) 

, LANDSAT INDICATORS OF YIELD ARE AI'; HIGHLY CORRELATED WITH INDIVIDUAL FIELD 
, Y I E L D  AS ARE ESTIMATES USING TRADITIONAL F I E L D  SAMPLING METHODS) EVEN WHEN 

USING LANSAT DATA COLLECTED SEVERAL WEEKS BEFORE THE F, ,LD SAMPLES ARE MADE 

P 
I A CONSIDERABLE AMOUNT OF THE VARIANCE I N  I N D I V I D U A L  F I E L D  Y I E L D  WHICH I S  NOT 

I 
h) 
P 

EXPLAINABLE BY METEOROLOGICAL DAT.A CAN BE ACCOUNTED FOR BY LANDSAT DATA 

IN ORDER FOR LANDSP~T DATA TO BE OF MAXIMAL USE I N  AN OPERATIONAL SYSTEM) 

IMPROVEMENTS IN THE ABILITY TO REMOVE THE EXTERNAL EFFECTS (PARTICULARLY 
ATMOSPHERIC EFFECTS) ARE REQUIRED 



RECOMMENDAT IONS 

I 

INVESTIGATIONS OF THE USE OF LANDSAT DATA TO IDENTIFY CROP COND.ITION 

AND ESTIMATE YIELD SHOULD CONTINUE 

JOINT USE OF LANDSAT DATA, METSAT DATA, AND AGROMET MODELS SHOULD 
BE EXAMINED 

I 

, DIRECT WHEAT PRODUCTION FORECASTING PROCEDURES SHOULD BE FURTHER 
I DEVELOPED AND EVALUATED 
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MONITORING DROUGHT AND YIELD COMPONENTS BY LANDSAT 

.D. R. THOMPSON 

Abstract 

In the Large Area Crop Inventory Experiment. Landsat images and 

digital data were used to detect and monitor the drought that occurred 

in the U.S. Great Plains during the 1976 wheat growing season. Landsat 

color infrared' images (100 by 100 nautical miles) were used t o  determine 

and monitor the areal extent. The drought area was rated subjectively 

as to the acreage affected by comparing the 1976 and 1975 Landsat imagery. 

A technique was devised using a vector transformation of Landsat digital 

data t o  indicate when vegetation i s  undergoing mirt~~re stress. A rela- 

tion was established between the remote-sensing-based criterion (the 

Grezn Index Number) and a ground-based criterion (Crop Moisture Index). 

Landsat was shown ta be correlated to plant properties that influence 

yield. Direct correlation of Landsat t o  yield appears t o  be feasible 

only a t  specific growth stages. The use of Landsat for yield estimation 

i s  difficult  because the biological syttem i s  dynamic and because af 

atmospheric effects on Landsat. Some problems exist in the different 

methods of acquiring ground truth (yield estimations) and the variations 

that exist among and within fields. However, assessing yield from 

Landsat appears t o  be feasible. 
- - - - . 



Introduction 

A Large Area Crop Inventory Experiment (LACIE) has been under- 

taken jointly by the U.S. Department of Agriculture (USDA) ,  the 

National Oceanic and Atmospheric Administration (NOAA) of the 

U.S. Department of Commerce, and the National Aeronautics and 

Space Administration (NASA) to prove an economical application 

of remote sensing from space ( 3 ) .  The experiment is being con- 

ducted over three consecutive crop seasons in a 3-1/2-year 

timespan and is divided into three corresponding phases (3). 

Each phase is designed to build on the experience of the previous 

phase or phases. Phase I was conducted during the 1975 crop year 

and concentrated on a system test to identify and estimate 'he 

wheat acreage within selected major U.S. wheat growing regions 

and to evaluate wheat recognition analyses in other selected 

regions throughout the world. Fhasec XI and I11 concentrated on 

bringing all elements of a system together in a quasi-operational 

environment to test the technolcgical capability of developing 

area, yield, and production estimates for U.S. test regions and 

other major wheat producing regions of the world. During Phase 11 

(crop year 1976), the drought that occurred in the U.S. Great 

Plains wheat growing area w ~ s  detected and monitored using 

Landsat data ( 4 , 5 , 6 ) .  The approach and results of this study 

are presented in this paper. 

Methods 

Two approaches were devised for monitoring drought using 

remote-sensing-based criteria. One approach utilizes color 



infrared transparencies of Landsat scenes (100 by 10: autical 

miles) to determine and monitor the areal extent of drought ( 4 , s )  . 
The other approach utilizes LACIE sample segments ( 5  by 6 nautizal 

miles) and Landsat digital data f o  indicate cutomatically when 

an area is undergoing moisture stress (6). These two methods 

will be referred to, respectively, as Landsat imagery approach 

and Landsat digital approach throughout the paper. 

Landsat Imagery Approach 

The Landsat imagery approach utilized meteorologicti1 data to 

initially losate the area where potential drought might occur. 

3nce an area was flagged and delinrdted from meteorological data, 

Landsat color composite tr~nspciencies, prepared from band 4 

(0.5 to 0.6 micron-), bhad 5 (0.6 to 0.7 micron), and band 7 (0.8 

to 1.1 microns), were used to refine the delineation of the 1C0- 

evaluated by comparison to Landsat imagery of essentially the 

same date in previous years and also to preview 5 day acquisi- 

tions of the current year. Normal green vegetation on the ground 

. w h3 record9d on the Landsat color conposites as a bright red 

color. As moisture stress browns the vegetation on the ground, 

Landsat-recorded signatures correspondently decrease in redness. 

Thus, by relating the lack of redness in the signatures where red 

signatures should be present, the areal extent of M e  drought 

was monitored and delineated by compiling a mosaic of Landsat 
I 

images over the potential drought area. Within the drought area, 



t h e  effect of the drought upon the wheat crop was evaluated 

subjec t ive ly  by comparison with t h e  previous y e a r ' s  Landsat data. 

The area was monitored a t  9-day i n t e r v a l s  u n t i l  harves t  of  t h e  

wheat crop. 

Results  of Landsat magery Approach 

U.S. Southern Great F la ins  

T3e droug3t Lhat occurred i n  t h e  1975-76 winter  wheat c rop  a r e a  

or ig ina ted  i n  t h e  summer of  1975 when t h e  s o i l  m ~ i s t u r e  supply 

was ncc, recharged a f t e r  the 1974-75 harvest .  This acu te  moisture 

shortage covert4 a ? e r i c l  of aver 30 days, between p lan t ing  and 

emergence of the  w3eat. During the 1975 Thanksgiving week, a 

na2~r storm system moved t!roush Great P la ins ,  br inging 

bl izzar ,  condit ions to most cf the U.S. Great Pla ins .  Tbe ccn- 

binat ion  of these  c o n d i t i t . ? ~  caused the winter  wheat t o  go iri to 

donna~~cy i i t h  very l i t t l e  r o o t  system Tr top  growth, These a r e a s  

w e r e  monitored fr-m plant ing  ,:sing Landsat imagery. A t  t h e  

s t a r t  of spring greenup, it became apparent t h a t  por t ions  05 the 

U.P, Great P la ins  winter  crop were a f fec ted  by t h e  extreme dry 

condit ions,  WCIE monitored the  a rea  every 9 days u n t i l  harvest. 

The lzouqht-affected area i n  t h e  U.S. southern Great Pla ins  was 

determined from Lanesat t o  be l ~ c a t e d  i n  the sonthwestern corner  

of Kansas: i n  sf-utheast Colorado, and i n  t h e  Oklahoma and Texas 

Panhandles. The a r e a l  c x t e r t  of t h e  a f fec ted  a rea  a s  of Apr i i  1, 

1976, i.; shown ir. fig-:re 1. The drorrght s e v e r i t y  wi th in  t h e  

area was ra ted  subje ' t e l y  by c0rn~arir.g t h e  1975 and 1 ~ 7 5  

Lands st  imagery These r a t i n g s  corresp mded ts the  acr =age 



losses  developed from grocnd-based observations. The Crop 

Moisture Index (CMI) f o r  April  3, 1976, shows t h a t  t h i s  general 

area was undergoing moisture stress (f igure  2) .  

O.S. Northern Great Plains 

The droughts i n  t h ~  ' : . S .  norther2 Great Pla ins  also originated 

in the summer of 1975 when subsoil moistare was not f u l l y  

recharged. Precipi ta t ion was adequate for winter wheat from 

emergence to s p r h g  greenup. Spring wheat had adequate m i s t u r e  

for planting,  einergence, and ear ly  growth; however, lack of sub- 

s o i l  moisture and sprinq r t i n s  caused moisture stress by mid-May. 

LACIE, using techniques developed from the U.S. southern G r e a t  

Plains drought study, indicated a potent ia l  f o r  drought damage 

i n  the  U.S. northern Great Plains by early May. The areal extent  

of the  drought was determined from Landsat full-frame color 

infrared transparencies by monitoring the  full-frame Landsat 

images from April 18, 1976, u n t i l  harvest. 

The i n i t i a l  drought-affected area, as  determined from f v l l -  

frame images, was located within S o t t h  Dakota. From A p r i l  18 

to June 1 2 ,  1976, the area  appeared t o  be Ceteriorat ing,  but the 

full-frame imagery did not  indicate  severe e f fec t s .  The June 11 

to 13 overpass did show the e f f ec t s  of the drought. The area 

delineated a t  this time continued t o  expacd c n t i l  the July 8 t o  

11 overpass when the  drouaht  are& s tab i l i zed  ( f igure  3 ) .  Fron 

t h i s  overpas=- the drcaght area  was r&ted s*lbjeztively a s  hpvinq 

been s e ~ ~ r e l y  o r  moderately GIfected. The J u l y  1 0 ,  1976, GI1 

shows t h a t  t b t s  . das under s e ~ ~ r e  moisture s t r e s s  ( f igure  4 )  . 



Lands?t Digital Approach 

The Landsat imagery approach involves the subjective judgment 

of the analyst-interpreter in deciding that a region is or is not 

drouqht affected. 

A procedure was devised in an attempt to quantify the sub- 

jective judgment of the analyst-interpreter. The data used were 

Landsat multispectral scanner (MSS) values for LACIE szmple seq- 

ments throughout South Dakota, which were acquired during the 

1975 and 1976 crop years (figure 5). This procedure, which uses 

the remote-sensing-5ased criterion to detect .~?il monitor crop 

moisture deficiencies wiihout analyzing a long record of c1in-a- 

tological data, was evaluated against the CMI, which is developed 

from ground-based meteorological data. 

This procedure, the Green Index N a a S e r  (GIN), was developed 

usins ideas presented by Kauzh and Thomas (1) The four Londsat 

channels are rotated into the Kauth and momas greenness and 

brightness vectors. Each vector is inspected aut~maticzlly, and 

any vector having values unreasonable for agricaltural dsta is 

discarded. From these data, a green number is computed. The 

green number indicates the density and vigor of vegetation. Once 

the green numbers are computed for each picture element (pixel) 

within the 5- by 6-nagtical-mile sample seqnent, the G I N  is com- 

puted. The GIN then is an estimate of the percentage of pixels 

in a Landsat scene having green nurnbers high enough (>IS) - to 

indicate full cover of green vegetztion. It is computed u s i : ~  

only Landsat data, 



The plot of GIN versus time for a normal, predominantly wheat 

sample'3egment should follow a curve such as a in figure 6 ,  If 

an observed point for a segatent fell into the shaded region, the 

segment was classified as drought affected, The bounds for the 

shaded region were defined empirically as shown in figure 6, with 

tdefined as the approximate spring emergence date in days. For 

different areas c r  years, the shaded area can be moved from side 

to side to X c C i r  the greenup curve. The i-itial point in South 

Dakota was usually near day 110 (t = 110). 2his classification 

was corcpared to a classification based on the for a Crop 

Reporting District (CRD), wherein a CRD was classified as drought 

affected if the CMI fell below -0.5 for 2 consecxtive weeks. 

Both classifications were restricted to siinilar time frames. 

Classification was performed only for data between April 1 and 

July 10. 

Results of Landsat Digital Asproach 

The data used in the digital approach study consisted of all 

LACIE sample segments in South Dakota which had at least 5 percent 

wheat as measured by the LACIE Classification and Mensuration 

Subsystem [CAMS (211 in the 1976 growing season. This definitior 

yields 17 segments (figure 5 )  with 34 pssiL1.e classificaticns. 

Of the 34, 4 had either insufficient data duzing the grc -ing 

selson or data were inaccessible for other reasons. The final 

data set ccntained 22 seF.ent >ears for L3 LACIE SF-;rments 

(table 1) . (NOTE: A segment yesr is dr fined as an observatjcrrl 

of 1 sequent for 1 year.) The contingency tabia (tzble 2 ) ,  



TABLE 1. RESULTS OF GIN AND CHI CLASSIFICATIONS 

IFrom reference 61 

TABLE 2. CONTINGENCY TABLE OF GLX ANC CYI CLASSIFICATION METHODS 

[From reference 61 



which applies the two classification methods to the 22 good 

segment years, shows that the classifications based on the CMI 

and GIN are related. It was concluded that the Gm is detecting 

moisture through crop condition. 

One example of the segment classification procedure is shown 

in figure 7. The GIN indicates that 1975 was normal for the 

entire crop season for sepent J. In 1976, the GIN indicates 

that by May 24 there was sloisture stress in segment J, which 

indicates that the GIN -2tected vegetation moisture stress at 

the same time as the CMI, 

Conclusions 

Lmdsat full-frame color transparencies provide a means of 

locating, deiineating, an6 monitcring areal e-:'ant of moisture 

stress over large areas. A tec-hnique was d~ ed using 

Landsat digrtal data for 5- by 6-nautical-mile sample segments, 

which indicates wnen auricnltu-?I vegetation is under~oing zois- 

ture stress. A telationship bety-?en this t~cF.nique, which 

utilizes rexnote sensing, and a ground-bas& criterion (the CMI) 

has been s3own. Indications are that Landsat is capable of 

detecting crop moisture deficiencies in areas of the world where 

ground information is not available or reliable. 
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FIGURE 2. CROP MOISTURE INDEX FOR APRIL 3 ,  1976. 
[From reference 7.1 
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FIGURE 3. DROUGHT-AFFECTED AREA AS DETERMINED FROM LANDSAT FULL- 
FRAME IMAGERY FOR JULY 8 TO 11 AND JULY 11 TO 20, 1976. [From 
reference 4 . 1  
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FIGURE 4 .  CROP MOSSTURE INDEX FOR JULY 10, 1976. 
[From reference 8.1  
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FIGURE 5. SEGMEiqT L3CATIONS. Map of South Dakota showing 
locations of LACIE 5- by 6-nautical-mile sample segments. 
[Fron refe: ence 6.1 

FIGURE 6 .  PLOT. GIN versus time for a normal, predominantly 
wheat segment. [From reference 6.1 . 



FIGURE 7. GRAPHIC PLOT. GIN versus time with CMI values 
for szgment J. [Fron reference.6.J 



0 T H E  GREEN I N D E X  NUMBER ( G I N )  PROGRAM P R O V I D E S  A N  A U T O M A T I C  PROCEDURE 

FOR D E T E C T I N G  AND M O N I T O R I N G  CROP S T R E S S  OVER L A R G E  AREAS.  

a AN E X A M P L E  OF HOW T H I S  PROGRAM I S  U S E D  I N  L A C I E  I S  SHOWN I N  

F I G U R E S  8-10 

0 F I G U R E  8 SHOWS T H E  R E S U L T S  OF T H E  G I N  PROGRAM FOR ONE L A N D S A T  

P A S S  OVER T H E  USSR S P R I N G  WHEAT R E G I O N .  MUCH OF T H E  ARE?, WAS 

UNDERGOING M O I S T U R E  S T R E S S  

F I G U R E  9 SHOWS THE N E X T  L A N O S A T  P A S S  OVER T H E  AREA AND I K D I C A T E S  

S T R E S S  I S  S T I L L  OCCURRING OVER T H E  R E G I O N  

0 F I G U R E  10 I S  A C O M P O S I T E  OF T H E  TWO L A N D S A T  P A S S E S  AND SHOWS 

WHERE M O I S T U R E  S T R E S S  OCCURRED D U R I N G  J U L Y  1977. 









L A N D S A T  C O R R E L A T I O N  T O  Y I E L D  MAY B E  D I F F I C U L T  BECAUSE:  

e B I O L O G I C A L  S Y S T E M  I S  D Y N A M I C  

T H E  CROP C O N D I T I O N  WHEN L A N D S A T  P R O V I D E S  B E S T  C O R R E L A T I O N  T O  Y I E L D  

MAY NOT B E  M A I N T A I N E D  T O  HARVE,ST 
I 

e T A B L E  1 

e L A N D S A T  A C Q U I S I T I O N S  MAY WOT B E  S Y N C H R O N I Z E D  W I T H  C R I T I C A L  GROUTH STAGE 

e V A R I A T I O N S  E X I S T  AMONG AND W I T H I N  F I E L D S  
I 

S P E C T R A L  

e F I E L D  CENTER P I X E L S  

e BOUNDARY P I X E L S  

e GROUND T R U T H  

e C O L L E C T E D  I N  S M A L L  AREAS AND MAY NOT R E P R E S E N T  E N T I R E  F I E L D  

e T A B L E  2 

e F I E L D S  SHOULD B E  D I S P E R S E D  T O  I M P R O V E  A C Q U I S I T I O N  PERCENTAGE 

e T A B L E  3 

a D I F F E R E N T  PROCEDURES FOR D E T E R M I N I N G  Y I E L D  VARY C O N S I q E R A B L Y  

e T A B L E  4 
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SUMMARY 

I 

I LA tJDSAT  CAN P R O V I D E  I N F O R M A T I O N  ON CROP C O N O I T I O N  
I 

I a A R E A L  E X T E t i T  O F  M O I S T U R E  S T R E S S  FROM F U L L  FRAME b 

I 

I 

I r S U B J E C T I V E  R A T I N G S  OF S T R E S S  FROM F U L L  FRAME C A N  BE  HAOE 
I 

I 
I 

a L A N D S A T  D I G I T A L  D A T A  CAN B E  U S E D  T O  I N D I C A T E  WHEN A G R I C U L T U R A L  V E G E T A T I O N  I S  

U N D E R G O I N G  M O I S T U R E  S T R E S S  
I 

r L A R D S A T  MAY B E  A T O O L  T O  H E L P  E X T R A P O L A T E  P R E C I P I T A T I O N  BETWEEN M E T E O R O L O G I C A L .  

j S T A T I O N S  

V, 
I 
td 
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PREFACE 

The object ive of t h i s  study is t o  (1) develop an evapotranspiration 

(ETj model f o r  winter w\eat; (2) develop a re la t ionsh ip  between Landsat 

data  and leaf  a rea  index; (3) develop a gro-jth'model for winter v5eat;  

and (4) develop a y ie ld  model u i inp  ET and grovth zodels. 

Field da ta  were gathered from comerc ia1  f i e l d s  and p l o t s  i n  

Riley, El lsvorth,  Finney and Thomas counties i n  Kansas. Data included 

leaf area index, s o i l  moisture, grovth s tage,  and yield.  

Evapotranspiration and growth models requrred inputs  of s o l a r  

radiat ion,  maxim- temperature, m i n i m  t a p e r a i u r e ,  p rec ip i ta t ion ,  

and leaf area  index. Heteorological da ta  were obtained from 1Sational 

Weather Service. Leaf area ind ices  w e r e  obtained from Landsat computer 

co;npa:ible tapes. Yields were estimated from the ET model; hovever, 

fu r ther  test-ng and evaluation of t h e  y ie ld  model a r e  required. 



1.0 Introduction 

This report summarizes the work co~?leted under NASA Contract 

NAS9-16899. 

Yields are, to a large part, dependent upon solar radiation, temperature, 

and soil laoisture. Evapotranspiration and precipitation play I. i~pcrtant 

rolesin soil moisture- In order to estimate evapotranspiration one reguires - 

information as to the vegetative cover. Landsat offers a method of assess- 

ing vegetative cover on repetative basis. T!lerefore, relatively simple 

weather data supplemented with Landsat estimates of ground cover offer cne 

approach to large area yield forecasting. 

2.0 Evapotranspiration (ET) Model 

2.1 Model Development 

The daily inputs into the node1 are solar radiation, d - - m i n i ~ m  

temperature, precipitation and leaf area index (UI) . Fig. 1 schematically 
shous the inputs. Potentially, meteorological satellites rcay be used to 

estiuate solar radiation, teaperature, and precipitation iE areas where 

veather data are not available. Landsat data can be useti to estimate LAI. 

The evapotranspiration model described by Kanemasu et al. (1976) 

requires both soil and crop factors to estimate maxim= evapotranspiration 

(ET-) and transpiration. 
ETpa, 

-the energy-limited ET occurrdng from a 

well-vatered surface under nonadvective conditions-is given by Priestley 

and Taylor (1972) as 

.ET- = aIs/(s + y)Rn [2.11 

where a is a constant for a particular crop and clhatic situation; y is 

the psychrometer constant (mbl°K) at mean temperature; and Rn is the 24-hr 

net radiation (mm/day). W= evaluated a from lysioetric observations during 

periods of full canopy cover and wet soil surface (a = 1.35). When Rn 

-1 
was not measured, ve estinated it from solar radiation, Rs (= day 1, using - - -  - -- ---- --- - - . . - - 



Fig. 1. Flow diagram of evapotranspiration (ET) and growth 
models. Potential use of meteorological satellites 
are show. Winter vheat yields are predicted fro= 
ET and dry matter production estimtes. 



t h e  r e g r e s s i o s  equations:  

= -959 Rs - 3-61 

and 

where 12-21 was developed f o r  growth stages up t o  j o i n t i n g  and f o r  t h e  

remainder o f  the season i2.3). 

fvaporat ion from t h e  s o i l  s u r f a c e  is l i d t e d  by energy suppl ied 

during t h e  cons tan t  rate s t a g e ;  the re fore ,  an energy transmittancr.  term 
t 
( 3 ,  based on l e a f  s r e a  i d e x ,  is required.  The Gaily evaporation r a i e  

during t h e  constant  r a t e  s t a g e  can be  es t imated by 

where r = exp(--737 LAI). Equation [2.4]uas used u n t i l  IE = U. Then t h e  
0 .  

evaporation was ca lcu la ted  according t o  t h e  f a l l i n g  rate phase equation 

where c(m day1l2)  depends upon the  hydraul ic  p r o p e r t i e s  of t h e  s o i l  and 

t is days a f t e r  s t a g e  1 evaporation.  The s o i l  f a c t o r s  U and c were 

obtained f r s r  l y s i n e t r i c  observat ions  on bare  soil or from weight changes 

f r o s  l a r g e  s o i l - f i l l e d  con ta ine rs .  

Trarnpizat ion was esrimated by equat ions  of t h e  form given by Tamer  

a22 Jury  (1976) and Kanemsu et al. (1976). bfiqen the a v a i l a b l e  moisture 

content  i n  t h e  root zone was g r e a t e r  than 352 of f i e l d  capac i ty ,  u e  used 

T = \(l-?) [s / (s  * Y) lRn 

crop cover < 50% 

and 

T - (0-11 I s / ( s  +Y) IR, 

crop cover > SCX 

6-4 



m e n  the a v a i l a b l e  s o i l  moisture (8,) was l e s s  than 352 of the  maxi- 

avai labl- .  m i s t u r e  (8 ), e q u a t i ~ n s  12-61 and [2.7] were mul t ip l i ed  by max 

Ks, given by 

Therefore, a t  Ba less than -35 8- t r a n s p i r a t i o n  w a s  l i n e a r l y  reduced as 

t h e  a v a i l a s l e  water decreased (Fig. 2).lhe maxi~um a v a i l a b l e  water  content  

of a s o i l  should b e  determined i n  t h e  f i e l d .  

S o i l  moisture i n  t h e  roo t  z3ne (0-150 cm) was e s t i m t e d  from a water  

balance of eva?otracs-, irat ion,  p r e c f p i t a t i o n ,  runoff ,  and drainage.  Runoff 

w a s  est imated according t o  t h e  a m u t t  o f  r a i n f a l l  (R) and mois ture  con ten t  

i n  t h e  s u r f a c e  30 cm: 

Runoff = 0 R < 2-5  un [2.9a] 

Runoff = R- 75 R > 2 . 5 c o  (2.9bl 

vhere  R is t h e  r a i n f a l l  i n  inches. The s u r f a c e  30 c a  w a s  a l loved t o  hold  

l5 cm of water.  Therefore,  t h e  r a i n f a l l  could f i l l  t h e  30 cn l a y e r  t o  50% 

by volume, then t h e  r e = i n h g  r a i n  must be  runoff.  The s o i l  p r o f i l e  vas 

divided i n t o  5 l a y e r s  (5, 25, 30, 30, . and 60 cm) and each l a y e r  w a s  

allowed t o  hold 50% water  f o r  tvo days be fore  d r a i n i n g  t o  f i e l d  capac i ty  

(obtained from f i e l d  measureoenrs): The a u n t  of wafer dra ined from t h e  

5th  l a y e r  ( b e l w  150 cn) was i d e n t i f i e d  as drainage.  

2.2 Procedure 

The evapo t ransp i ra t ion  (ET) model was t e s t e d  on s e v e r a l  f i e l d s  over  

a two year  per iod a t  Manhattan, Kansas. Daily e s t i z a z e s  by t h e  model were 

compared with l y s i m e t r i c  observat ions .  Leaf a r e a  index (LAX) was measured 

by o p t i c a l  p l a a i o e t e r  and/or l e a f  l eng th  and width c a i c u l a t i o n s .  S o i l  



Fig .  2. Water stress factor (Ks) as a function of avai lable  
vater i n  the mot zone. Ks linearly declines a t  
352 available vater. 



moisture e s t i m t e s  by t h e  w d e l  compared favorably v i t h  neutron a t t e n u a t i o n  

and gravimetr ic  est imates.  

IAI obtained from ground measurements a r e  extremely tedious.  Landsat 

d a t a  v e r e  used in t h e  ET Podel by es t imat ing  UI. W ~ l t i p l e  regress ion  

equation was developed from Landsat coverage of Kansas sites (Colby, 

Ellsworth and Nanhattan, Table I). Shown i n  Fig. 3 is t h e  comparison of 

Landsat-predicted LA1 v i t h  observed LAI. Figs.  6 and 5 show t h e  season 

t rends  i n  observed and Landsat-predi'cted LAI. When Landsat predic ted LAI 

curves ve re  used i n  t h e  ET model 2nstead of observed LAI, seasonal  ET 

est imates  by Landsat were usua l ly  v i t h i n  3.0 cm of the  ET es t imates  from 

observed TAI measurements. 

3.0 S o i l  Moisture Estimates f r o n  ET Model 

For t h e  1975-76 winter  vhea t  grob-ing season, ve obtained s a t p l e  

statistics f o r  22 sample s e p e n t s  i n  f i v e  Great P la ins  states (Kansas, Texas, 

- 
Oklahooa, h'ebras'ka, end Colorado). Analyst i n t e r p r e t e r s  s e l e c t e d  s e v e r a l  

wheat f i e l d s  i n  each segment (4 t o  20 f i e l d s ) .  k n d s a t  d a t a  vdre analyzed 

f o r  each useable  overpass d a t e  on a l l  f i e l d s .  For each da te ,  l e a f  a rea  

index was e s t i z t e d  f o r  each f i e l d  and then averaged to- ob ta in  an average LA1 

f o r  t h e  segnent (Figs .  6 and 7). The ET model was run on each segment and 

es t imates  of s o i l  water  dep le t ion  (higher percent dep le t ions  a r e  d r i e r )  

throughout t h e  growing season a r e  p red ic ted  (Figs.  8, 9,  10).  

4.0 Yield Estimates f ron  ET Model 

A y i e l d  model was developed from small  p l o t  y i e l d s  and t h e  output  from 

t h e  ET model. 
I 

0.172 
Yield (metric tonslha)  = 0 . 1 9 2 1 ~  (T/ETmx) l l  



Tsble 1. Cosputer compatible tapes from Landsat multispectral scanner 
used in data analysis. 

TAPES USED I N  DATA ANALYSIS 

- DATE TAPE I .D. # ARC% - 
Qlbg 8120175 5123-16310 

8/29/ 75 2219-16442 
9/07/75 5141-16300 
9/25/75 5159-1628s 
10/22/ 75 2273-16440 
1/11/76 5207-16221 
2/25/76 2399-16421 
4/01/;5 2435-16410 
4/10/ 76 5357-16161 
61021 76 5410-16065 
6/03/76 5411-16123 
61121 76 2507-16391 
6120176 5428-16053 
6130176 2525-16384 
7/09/76 5447-16095 
9/10/76 2597-16364 
10/16/76 2633-16353 
11/21/76 2669-16341 

AREA - - DATE TAPE I .D.  # 
Yanhattan 10/20/73 1454-16374 

3/31/74 1616-16344 
4/18/74 1634-16341 
5/24/74 1670-16331 
6/29/74 1706-16320 
7/17,'74 1724-16313 
8/04/74 1742-16305 
9/G9/74 1778-16293 
10/15/74 1814-16283 
11/20/74 1850-16272 
12/07/74 1867-16205 
3/25/75 1975-16161 
4/12/75 1993-16152 
4130175 5011-16142 
5/18/75 5029-16133 
6/06/75 5048-16181 
6/24/75 5966-16171 
8/16/75 5119-16082 
11/1/75 5210-16083 
12/03/75 5226-16073 
4/16/76 2540-16232 
5;04/7?2468-16225 
6/09/76 2504-16220 
6/17/76 5425-15483 
7/06/76 5444-15525 
9/06/76 2593-16135 
9/24/76 2611-16131 
10/12/76 2629-16124 
10/13/76 2630-16182 

: AREA - DATE - 
Ellsworth 9/23/73 

10/02/75 
10/11/75 
101 201 75 
101 291 75 
11/07/75 
11/16/75 
1/18/76 
3/12/76 
3/21/76 
3/30/76 
6/01/76 
6110176 
7/07/76 
10/14/76 
11/01/76 
11/19/76 
12/25/76 

AREA - DATE - 

TAPE I . D .  # - 



Fig. 3. Cornparisan of observed _leaf area index (LAI) vith 
Landsat-predicted LAX. 
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Fig. 4. Seasonal trends in observed ieaf area index (MI) 
in Finney County (solid line); square symbols 
indicate Landsat-predicted LAI. 
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Fig. 5. Seasonal trends in observed leaf area index (LAX) 
in Ellsvorth Councy (solid line); square s~mbols 
indicate Landsat-predicted LAI .  
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Fig. 6. Seasonal trends in Landsat-predicted leaf area 
index (LAI) for sample segment in Garden County, 
Nebraska, 1974-1975. 
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Fig. 7 .  Seasonal trends i n  Landsa t-predic ted leaf 'area 
index (LAI) for sampie segment i n  Garden County, 
Nebraska, 19752976. 
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Fig. 8.  Seasonal trends  i n  s o i l  water depletion i n  Grand 
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Fig. 9. Seasonal trends in soil uiiter depletion in Kearney 

County, Kansas, 1975-1976. 

Fig. 10. Seasonal trends in soil water depletion in Stevens 
County, Kansas, 1975-1976. 
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where the  s u b s c r i ~ t s  1. 2 ,  and 3 a r e  the  r e s p e c t i v e  growth s t a g e  i n t e r v a l s :  

;?mergence t o  jointing, j o i n t i n g  t o  heading, and heading t o  s o f t  dough; T 

is t h e  d a i l y  t r a n s p i r a t i o n  r a t e ;  ETmax is the energy- l imi t ing evapo- 

t r a n s p i r a t i o n  r a t e .  Therefore,  t h e  y i e l d  model can be used on any f i e l d  

where the  ET model can be appl ied .  

Eleven wheat f i e l d s  a t  Bushland, Texas presented a? indopendent d a t a  

set. Landsat and y i e l d  d a t a  were a v a i l a b l e  (personnal  communication w i t h  

D r .  C l i f  Harlan, Texas A & M). The ET model vas run us ing meteorological  

d a t a  and Landsat-predicted,LAI. Yields v e r e  p r e d 1 ~ - e d  from [4.1] and 

compared with observed y i e l d s  (Fig. 11). 

The s o i l  mois ture  s tudy over  the  5 Great P l a i n s  s t a t e s  o f f e r e d  

another d a t a  s e t ;  however,yields f o r  i n d i v i d u a l  f i e l d s  v e r e  not  measured. 

County y i e l d s  v e r e  a v a i l a b l e  from t h e  S t a t i s t i c a l  Reporting Serv ice  (SRS). 

In add i t ion ,  Feyerherm's KSU win te r  wheat model was run on t h e  same d a t a  

assuming a management and p roduc t iv i ty  (MU) f a c t o r  of 1 and summer f a l l o w  

condit ions.  The roo t  mean square  e r r o r  (RXSE) between t h e  county y i e l d  

and t h e  ET y i e l d  model (eq. (h.11) vas  2.0 bu/acre  whi le  t h e  M E  b e r ~ e e n  

Feyerhenn's y i e l d  model and t h e  ET y i e l d  model was 1.5 bulacre .  

5.0 Growth Model 

As shown i n  Fig. 1, t h e  growth model uses  t h e  i d e n r i c a l  in?u t s  as 

t h e  ET model -- s o l a r  r a d i a t i o n ,  max-min temperature,  p r e c i p i ~ s t i o n ,  

LAX.  he major assumption i n  the. gro-sth model i s  t h a t  l i g h t  and 3:il  

moisture a r e  the  primary l i m i t i n g  f a c t o r s  i n  p l a n t  growth. Other f a c t o r s  

such a s  f e r t i l i t y ,  pes t  and d i s e a s e  in f luence  growth and a r e  r n f l e c t e d  i n  

t h e  LA1 term. 

Photosynthesis  i s  es t imated from the  amount of l i g h t  t h a t  t h e  canopy 

i n t e r c e p t s  which is dependent upon the  s o l a r  r a d i a t i o n  and LAX. S o i l  
- -- --- - -  - - .  - -  - - - - -  ----- . -  * . .  - 
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g .  1 .  Comparison between observed yields and predicted 
yield from evapotranspiration-yield model 
(rz = .9) .  



- - - - -  - -- -- - -- - - 

moisture decreases photosynthesis duricg high whter depletion periods. 

Respiration is dependent upon L A X  and temperature. The difference betveen 

photosynthesis and respiratian is net photosynthesis which is the rate of 

dry matter production . The grmth G d e l  simulated dry mtter 
production on commercial fields in western, central and eastern Kansas 

using measured LAI- Fig.  15 s h w s  the agreement in dry utter production 

estimated by the grovth model using Landsat-predicted LA1 and observed 

LA1 . - - -- - 
_ _ _  ___ - -- - 
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E X E ~ I ' I E  SU:+ARY - STATE,X:'(T OF EARTHSAT I?lTE?SC?iVE Y iELO E$~I:JATE 

CONCEPT 

The Earthsat Yield System has been develcped a s  a mdern a l t e r ~ a t i v e  

t o  the tradi t ional  weather regression approaches to crop y ie ld  estimtes. 

The "System" has, f u r t h e m r e ,  been designed fran inception t o  p e m i t  

t h e  intzract ive use o f  yield-related infomation derived f m  resate 

sensor systems, either a i r c r a f t  o r  sate1 1 i te. 

The E a r t ' a t  System is iargely computerizal. I t  cprates on a 

global ly-appl iczblz two-level (25n.e- and 12.5n.a-) gzozased grid-cel l 

s t ~ x C u r e ,  The "Systemu processes ~ e i ~ r o l o g i c a l  data frm f i r s t  order 

ground m m m l ~ g i c a l  observation s ta t ions  and from metarological  

s a t e i l i t e s  i n  order t o  define a dense nehiork of real ar.G sy~ thes ized  

plant  weather i n f o m t i c n .  In the  1975 upper Great Plain tests, weather 

s ta t ion  data and met,"orological s a t e l l i t e  data were e n t e ~ d  i ~ t o  the 

'System" a t  s i x  hourly intervals,  

The objective of the basic diagnostic a c t i v i t i e s  i n  the 'Systed is 

t o  &fine the  weather influencing plant growth with suff ic ient  detail 

t h a t  s i m l a t i o n  models which describe plant growth, and define s a i l  

moisture profi les  can be accurately operated. The go31 o f  211 s y s t a  

diagnostic a c t i v i t i e s  is t o  defi3e the spatial  variations in plant y ie ld  

c l ea r ly  enough tha t  such descriptions can be local 1y verified with 

e i t h e r  ground-based observer transects or  by rerate sensing techniques. 

me "Systenu di f fers  from t raa i  t ional approach& i n  t h a t  the re- 

sul t ing  synthesized and rest weather d i a ~ n o s t i c  w i d  al'lons application 

o f  quasi-physiologically and fu l ly  physiologically-based plant yield 

models. Thece models e i t h e r  describe o r  infer  plant processes, i.e., 

photosynthesis, gas exchange, dry matter a c c w ~ l a t i o n  and trznslocation, 
.._ __  __A_ ___----- - - 



- - - - - - -- - - - -- - -  - 
~ a ; t r  itftSS, etc. ,  zccurately enou~b to  pemit a very 3ccuratz and 

2i;hly plant descriptive diasnosis. 

7?le plant process descriptions over a 12.5n.m. gzobased cell 

structure for the 1975 spring wheat crop season has Sen atilized to  . 
develop a functional elationship betaeen LRYOSAT observables and the 

s t ress  factors described by tine 'System.' This fwctional relationship, 

which includes a component of the short term plant s t ress  as   ell as the 

long tern s t ress  his:ory, has been utilized to enhance t!: spring wheat 

yield fo rec~s t s  p d u c e d  by t h e  siaulation model. Tirese ixhanced yield 

estimates were prepared ar'ta- c m p l ~ t e  znalysis o f  a1 1 giGSAT frmes 

taken bet..jzen 55 3!zy and 15 Scpteaber over the four state ugper Great 

Plains region. 

The I X D S A T  analyses were undertaka using a previo.jsly defined 

interpretive k2y which permitted a description of la+, mderate or high 

stressed areas with an approxirate 65 percent acccrzcy and Icv and high 

s t ress  area w i t h  an accuracy of approximately 90 percent. The LAYESAT 

analyses were then coded for entry into the computerized g~obase a t  a 

resolution of approximtely 12.Sn-m. Once e~ tg red  into the deta base 

they were readily available for interactive uses w i t !  the existing 

EarthSa t 'Systesi' s imulated data base. 

The results achieved by the LAPIDSAT Interactive EarthSat  Systam 

show definite promise. For example, a t  the four s tz t s  a5;reSzite level 

the error of yield estimate was reduced from an already reasonable 2.3% 

t o  0.79%. A t  t h e  s ta te  level the average e r r o r  of a;proxinately 5% . 
was lcwered to  an average error of appraxirately 3:. Siailar izprore- 

a n t s  were generally noted a t  t h e  crop reporting dis t r ic t  (CRD! level. 

The region-wide errors prad~ced by NOM's tradi t i  on21 regressfon rccdols 

for the same area and time were 6.3% Table E-1 pr2sents tkese ccz- 

parisons. - _ -. - - -  -- - 
7-2 
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The LAMISAT analytical txhnique has been appl ied to winter wheat 

areas of Kansas and surrounding states in 1975 and 1976. In this period 

concern over a new "dust bowl" in' northwest Oklahmd, southwest Kansas, 

northwest Texas and eastern Colorado was high in the la te  winter and 

errly spring of 1976 since poor germination had been observed over much 

of t h e  area. The resultant LANOSAT analysis eccomplished i n  October 

1975 and Harch through Hay 1976 indicated that, for the state of Kansas 

the fears or' a 'dust  bwIm were only justified over southwest CriO of 

Qnsas where extensive ~bandonment of dry land winter wheat fields 

occurred. All other areas of Kznsas %ere reasonably good but they were 

beT t h t i r  reccrd 1975 yields. Total production ?+as down nearly 11.5 

million bushels over 1975. 

The full EarthSat Interactive "Sys&mn was not operated over the 

w i n t t r  wheat region- Hwever, t!e system mdels were operated frcm 

planting to  1 April a t  selected ground ~bservation points. These sample 

runs appear to confirm We applicability of the "Systemn diagnostic and 
Y 

predictivg element i n  the winter wheat areas. Selected point average yield 

estimates are Dodge City 23bu/A, Topeka %/A, Amarillo W A .  These 

yield estirates are based on the use of a Technology Acceptance maximlull 

yield value derived f r o m  the past - 4 years of Kansas yield history and 

,plant s t ress  coefficients developed i n  the spring wheat region stztes. 

The EarthSat Yield System concept has shown coasiderable promise i n  

the spring wheat tes t  i n  1975. The use of LA;IDSAT interpretation gen- 

erally appears to improve the "System" yield estimate. The application 

of a l l  types of data in a c o m n  coordinate system i s  a very pcwerful 

concept. The cozbination of this concept with a highly disaggregated 

plant environment diagnostic and plant yield simulation (process) model s 

1/ Includes both dryland and irrigated area yields. - 
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offsr  additional improvements i n  the future. I t  i s  anticipated that  the 

g r e a t s t  benefits from the Earthsat System will accrue to yield estimates 

made i n  anomalous years and i n  regions where the meteorological observing 

network is less  dense than i n  the United States. 

EnrthSat CROP CAST^ Systm, a comercial crop forecasting venture, employs 

sonle aspects of t!e Systm studied in  1975 and 1976. CROPCAST is n w  i n  opera- 

tion over Canada and the United States for corn, soybeans, wheat and cotton. 

Resui ti t o  date are encauraging , e.g., comparisons of CROPCAST'S forecasts 

of th? SSM monthly (535) Crop Production Reports, issued approximately 4 weeks 

and 2.m w x k s  prior to  the USOX report, show the following accuracies: 

A11 Crops 973 

Corn 98% 

Soybeans 97% 

Winter Wheat 99% 

Spring Uheat 93% 

The end-of-year comparisons are  a few months away, but similar accuracies are 

expected. 

CROPrAT is now available over the South American soybean and wheat areas 

i n  arazil ,  and Argentina. Monitoring of Winter conditions i s  underway over 

several wheat growing regions. 

CROPCAST has been designed to  use Landsat when it is available i n  a t inely 

manner. The future plans for  48 to  95 hour turn-arounds a re  very exciting. 

CROPCAST will continue t o  use Landsat i n  a confirmatory and interactive nanner, 

rather than as a prinzry data source. 
. -. - . - - - - - - -- -- - - - --- - - - - -- - - a - - - - - - - 
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SPECTRAL INDICATORS OF CROP DEVELOPMENT AND LEAF AREA INDEX 

FROW LANDSAT DATA 

C. L. WIEGAND, H. W. 6AUSMAN, A. 3. RICHARDSON, 

A. H. GERBERMANN, J .  H. EVERETT, AND R. W. LEAMER 

Abstract 

Spectral indices such as the transformed vegetation index (TvI), 

the green number (GVI)  , and the perpendicular vegetation index (PVI) 

are s ign i f i can t l y  correlated w i th  l e a f  area index (LAI), and green 

biomass (BIOM) during the crop development and gra in f i l l i n g  stages. 

They also respond t o  growing conditions as LA1 and BIOH do. Two o f  

them take s o i l  background i n t o  account, hence also help remove i t s  va r i -  

ations i n  YSS data. By so doing, they o f f e r  the possibi: i ty o f  ca l ib ra t -  

i ng  crops spectra l ly  across years, thereby minimizing ground t r u t h  

requirements and increasing the value of the indices where ground t r u t h  

i s  unavailable. I n  addition, they and t h e i r  temporal t ra jec tor ies  may 

be helpful i n  improving t ra in ing  sample selection, signature extension, 

and i n  c lass i f i ca t i on  procedures. 

The evidence indicates tha t  the vegetation indices can be used t o  

estimate LA1 needed for  the evapotranspiration and photosynthesis 

subroutines i n  crop product iv i ty  models. Thus they can be used t o  help 

implement the models over large areas by e i ther  (a) providing input data 

f o r  the models, o r  (b) feedback data t o  check on, and retrack the models, 

i f  necessary. --- - - -  -- -. - - - . _ __ - - - 
- - -  
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LANDSAT FOLLOW-ON FRTAL REPORT 

COt~CW SIONS 

POP, PC, AND LA1 ARE THE PU'IT PANL;+EERS XOST CO~~SISTE~!TLY 

RELATED TO LhriDSAT HSS DIGITAL COU!'lTS (DC), 

LAI CAN BE ESTItfATED SPECTRALLY. 

LItCEAR COMBItlATIO3S OF THE OTHER PLANT PW1IXLQS (POP, PC, 

PHI ACCOUNT FOR 67 TO 90% ( ~ ~ ~ 1 0 0 )  OF THE VARIATIO!I Ill LA1 
. .. 

AN11 FROE4 60 'T 89% OF THE VARIATION IN GRAIN YIELD. 

2. LANDSAT SPECTRAL ZXDICATORS, SUCH AS W I ,  RELATE TO GRAIN YIELDS 

OF SOXW4 FOR ABOUT A 60-DAY PERIOD--FRON GXOWING POIXiT DIF- 

D ~ I A T I O N  (GPD) TO HALFWAY BET~XEN 1/2 BLOOM (HB) AND PHY- 

SIOLOGICAL MATURITY (pH) OF THE GRAIN, 

3. OPTMAL -WAVELENGTHS FQR DETECTING CERTAIN STRESSES PAVE Bm! 

DETERH nm 

4. FORAGE PROWCTIOlI DIFFEREXCES OF GPASSY RANGELANDS n'AN BE MAPPED. - -- - -----__- ---- _ _ __  _ _ _  ._ . - - -- - - - -  



-. .- - -  .- - - --- - - 
"SECTRAL INDICATORS OF SOXHJ!l =$!!E* AND T S I R  

ZIiPLICATIONS FOR GROWH NODELING" 

CONCUl S I O N S  

C~TC-IPLE, TX 1976 SORGKJH DATA) 

1, VEGETATION INDICES DERIVEC FROM W I D S A T  DATA ARE RESPONSIVE TO 

. GROWItC; CONDITIONS THAT AFFECT LA1 AND BIONASS. 

T V I ,  WI,  and G V I  are about equally useful for monitoring 

seasonal crop developaent and vegetation density. 

ANSI PLANT GROUTH 14EASUREIENTS INDICATE THEY CMI BE USED OVER 

AREAS, EITHER A S  

a) nfR)T DATA FOR PLIVIT GXOWTH SIHULATIOW, OR 

b) FEDBACK DATA TO CHECK ON, AHD RETRACK GROWTH SIHULATIOH 

MODELS. A---' _- ----- - 



. . . - -- - - -  - - 

3. SPECTRAL VZGETATION I t1DICES CAN BE CALC~JLATED FOR AS tIAlIY 

PIXELS,  OR FIELDS,  A S  ARE OF ITITEXST Ill A GEoGRAPHICAL 

AREA. THUS, PWTT GROlnH-MODELS CAN BE EXTENDED TO LARGE 

AREAS YET BE AIDED BY S P E C I F I C  FEEDBACK ON ACTUAL GROWING 

CONDITIONS I?? I I D I V I M I A L  FIELDS.  

4. THE MPROVED ESTIMATES OF LEAF AREA INDM AND BIOMASS THAT 

RESULTED FROM I l tCUISION OF WEATHER DATA I?? COMBINATION W T H  

VEGETAT3K)Ir I N D I C E S  I N  E S T I M A T D E  EQUATIONS I llDICATE THAT GROWH 

S M U L A T I O F  MODELS THAT MIMIC PLANT RESPOWSE TO S O I L  AM) AERIAL 

ENVIRONHENTS WILL MPROVE YIELD E S T M A T E S  OVEZ THOSE ARRIVED 
:.- 

AT FROH SPECTRAL DATA ALONE. 

SAMPLE DATA AND SPECTRAL Ri i ICATORS.  - -- __ ___________ - - -  
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"LEAF AREA INDEX ESTEIATES FOR WHEAT FROY 

LA:IDSAT SPZCTTAL DATA;* 

(Wiegand, Richardson, Kazzekasu) 

COICLUSIONS 

YIELDED EQUAL 03 BETTER CORRELATION hTTH GROUND-!.IEASJ?SD 

T 2 A I  THkY DID 

LAX = ag - a , ( t l s s  4 / S 1  - a , ( ? l s s  4/61 + a 3 ( N S S  4/2x7) + a4(MSS 5/61 

2. SECTRAL VCGZTATION INDICES SUCH A S  W I  LYE APPLICABLE TO '-*-. 

3. APPEARS POSSIBLE 72 CALIBRATE WHEAT LA1 Ill TErAS OF PVI AND REDUCE 

GRCUND TROTEING TO SPOT CHECKS. - .- - _ _  __ _ _  -- - -- - _-- ___ _ _ 
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