Ev.4-104%27

rver
"Weds SvaTabls wrider mASK CR-/375573
In-the inferest of early ang .Emgsorshlﬂ
. wide dis- '
:fg:'aat"’_ﬂ of Earth Resources Survey
or M information and withoyt liability
o any use made thereot,” .
QUARTERLY" INFORMAL PROGRESS REPORT
nSYNTHESES AND ANALYSES OF EARTH RESOURCES
TECHNOLOGY SATELLITE PROGRA! (ERTS)) DATA"
FOR
NASA Headquarters
Washington, D,C. 20546
Attn: Office of Applications
Code: E '
{ET4~-10427) SYNTHESES AND ANALYSES OF . N74=-19957
EARTH RESOURCES TECHNOLOGY SATELLITE 1
(ERTS) PROGEAM DATA Quarterly Informal ‘
Progress Repcrt (Ecosystems Internationail, Unclas
Inc.) 37 p HC $5.00 CSCL 02C 63713 00427 J
PREPARED BY

ECOSYSTEMS INTERNATIONAL, INC.
Post Office Box 225
Gambrills, Maryland 21054

April 5, 1974




VALUE OF REMOTE SENSING AGRICULTURAL CROP FORECASTING

PRESENTATION TO

BENEFIT/COST TASK FORCE

22 MARCH 1974

ECOSYSTEMS INTERNATIONAL, INC.
Post Office Box 225
Gambrills, Maryland 21054
(301) 987-4976
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- RELATIVE VALUE OF U.S. CROPS
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UNITED STATES PRINCIPAL CROPS-I972

PRODUCTION MILLION-METRIC TONS
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_UNITED STATES PRINCIPAL CROPS 1972

HARVESTED ACREAGE MILLION-ha
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CORN
, =Grams
20
SOYBEANS
5 '
10
5 SORGHW coTTON
SUGAR
BEETS pPOTATES RIC
o T FRACGD RICE,



(1972). AT EXPORT PRICES

TOTAL WORLD STAPLE CROP VALUE

RICE

BANANAS

QATS

MRUS FRUITS




"WORLD STAPLE CROP PRODUCTION

MILLION METRIC TONS
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Price Demand Curve . o e

e Dzcrease in consumer
23 walfare due 10 mrecas?
error

= [ncrease in consumer
walfare dus to curryover

o4 = Net loss in social welfare

due to production foracasi'
error - _

K Producﬁbn a

0Q= True Production

op= Price which would correspond ?o OQ

"0Q'= Forecasted Production.

OP Price corraspondmg to estimated produchon OQ

QQ'= Quan’my carried over fo next year

oP"= Price corre 5ondmg to next period producﬂon 0Q p!us .stuck
carryover O

BASIC STRUCTURE OF HAYAMI “PETERSON
ECONOMIC MODEL



LOSS DUE TO GROP FORECAST ERRCR  °
- (U.S. grain crops afier Hayami Peterson) |
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COST OF SAMPLE SURVEY FOR VARIOUS 10

SAMPLING ERRCR LEVELS
(ERS-USDA 1970)

1001 °% Sampling Error
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2 10 100
SURVEY COST Millions US. $
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JUNE 1974 ACREAGE SURVEY

ACRES FOR
, HARVEST
CrROP TS | LAST
: YR. YR,
‘|, CORN
2, WHEAT
3.. OATS
4, BARLEY
5. RYE

1.9 ABOVE (INCLUDE v n e — — — i
AGRES OF ALL 1 AND ”,Hrg SFARM

{INCLUDE LAN

- e R WR P e

- PLEASE -REPORT THE CONDITION AS COMPARED WiTH
" ‘THE NORMAL GROWTH AND

EXPECT AT THIS TIME. L

REPRESENT A NORMAL CONDITION.

VITALITY YOU WOULD
ET 100 PERCENT

ADDRESS = m e i o e o e s

TYPJCAL REPORT FORMATS

US. FARME RS

w

JULY |

REPORT FOR YOUR FARM!

~ ACRES OF CORN HARVESTED LAST YRy

- il S AT T g e de S

~ ACRES FOR HARVEST
THIS YEAR

REPORT FOR YOUR LOCALITY.

- ACRES FOR HARVEST THIS YEAR -
COMPARED WITH ACRES HARVESTED

" LASTYEAR e wne 0 | i e
CONDITION OF CORN w ._.;'_.;.._ % e e

ANSWERS
HERE.

s e e BORES e e i e e

PROBABLE YIELDACRE — e e .

PLEASE A
: FOR TH

NSWER THESE QUESTIGNS
E FARM YCU OPERATE

AGWER
HERE

CROP

PRODUCTION AND STOCKS

70 LB EAR OR

CORN PRODUCED ON THIS FARM LAST YEAR

56 LB. SHELLED BUSHELS

CORN ON THIS FARM JAN 1, (974
70 LB. EAR OR &6 LB.SHELLED BUSHELS

ALL WHEAT PRODUCED ON THIS FARM
LAST YEAR - 60 LB, BUSHELS

ALL WHEAT ON THIS FARM JAN Ié|974

BUSHELS

1 ¢
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USDA FORECAST MODEL, GRAINS

P= W W+ B + O+ )

WHERE !
P = ESTIMATED PRODUCTION (BUSHELS)

A = ESTIMATED ACREAGE
Xl "CONDITION” AS OF DATE OF SAMPLING, AS REPORTED BY FARMER OR COUNTY A~

GENT OR STATE
X2 = INCHES OF PRECIPITATION WHICH FELL ON THE AREA IN THE LAST TWO MONTHS

PRECEDING DATA OF SAMPLING 7
. X3 = INCHES OF PRECIPITATION ESTIMATED ToO OCCUR IN THE NEXT TWO MONTHS FOL-

LOWING SAMPLING —
Xl.; = CALENDAR TIME, IN WEEKS, ELAPSING FROM MOMENT OF FORECAST

A, B, C, D, = COEFFICIENTS, CALCULATED FROM REGRESSION (LEAST SQUARES) OF
THE LAST 15 YEARS EVENTS, -




SUBVIN CLASSIFICATION

COUNTRIES INVOLVED IN CROP SURVEY ANALYSiSl

SUMWVIEE CLASSITICATION

SURVEY CLASSIFICATION

SURVEY CLASSTFICATION

Acreape Yield _Buristienl Acreage Yieid Statictical . Yield Statisticol Acroage Yield Statistical
Country Farocast Forecast Sampling CountTy Forecast Farecast Sampling Coumtry Fﬁig:ﬁ Forccast Sumpling Comtry Forecast Farccast Sampling
EUROPE - ;
Austria A ] == Guadnlope B B - Malaya A AR 5 Somaliland D D e
felgin A u - Cuztenata A A - Indin B . Togo A .-
Dok A A s Martinlgue B B . Indonesin B A »e Fr.Wcst_Africa AP -
Finland A A 5 Mexlco i B - Iran 0 D - Gold Coast A Ar S*
G rmaeny FHR, A ® 5 Panana A Ar 5 Iraq [ C .- Kenys A A -
Friuwe A
. L -- Tuctts Rico A AY 5 Tsrael ] B 51 Hadascar ¢ "
Grevee 1! B -- usA A A S Japan A 3 s Nigﬂ_m‘ o D 5t
lreland A A 5 SCOUTH AMERICA ) Rhodesta
Jordan c [ Northern A .
Ttaly B ] 5 Argentind A A 3 Lebanen c .- Nyasniand A -
Luxembourg A B - Brazii c 4 g Paklstan C ¢ : Hhodesia, 5c, A -
Netherlinds A s s Glte A D - Phi1lipines 1 B . Morocee, Sp A A -
Rarwa, A .
il s 5 Colomhia A it Syria c c -- Swaziland A A -
l'ortugal - C .-
| e ¢ Ecuador A A - Thailond B B .. Tenzania D b 5
Spain B . .. Fr, Cuiana - ., .- Turkey B B B 5 Tunisin A AN, .
Swed 3
il N Toraguay A [ 3 AFRICA i Union South Afl A .
Swirzerland A B .- Teru b n. e Algeria . Uganda c ¢ gk
Wnited Kingdom| A ¢ 5 Surinan A o - Sudan 3 B T CCEANIA
Yugaslavia 3 5 Uruguay A L s Basutsland b D 5 Australia A A s*
NORTH-CENTRAL -
AUERCA Veneruela ) B - Bechuanaland I C .. Fijl A .
Canada A A 5 Asla Belglan Congo B B - Hawaii A A -
Costa Rica A AN 5 Burm A A .- Egvpt A Ax .- Kew Caledonin A Ar -~
Dorinican -
Republic A A an Ceylon A B 5 Cameroons, Fr., A At . New Iealand A A 5
£1 Snlvalor R 5 - Cyprus 8 Ar .- Moroeco, Fr. C c ) .-

Explanation of Symbols:  [A]Sampling ot farm level

Scrppling at commune level  [C]Sampling at district level (D] Sarpling at province lovel

[S] Stratitiod Sampling
% System under development

<1




THE THREE BASIC LEVELS OF CROP FORECASTING SYSTEMS

Developing Intermediate Advanced
Typical: Dominican Republie Typical: Italy Typical: United States of America
Regional 1599 sections grouped into 69 ' 7851 Gommunes grouped into 1700 cnumerated arcas grouped into 44 States
Administra= pmmunes 91 provinces

tive Struce
ture

Crops Surveyed

Maize, rice, beans, potatoes,
onions, garlic, peanuts, co-
conuts, oranges, bananas, cocoa,
sugar cane, plantains, pineapple,
coffee {in pod}, avocado, pears,
cotten, tobacce

Wheat, Tye, barley, oats,
maize, rice, sugar beets,
potatoes, peas, beans, vinen
yards, fruits, olives, lin-
seed rapesced, vegotables,
tobacco, fibers

Grains, fodder crops, tuber and root crops,
sugar crops, pulscs, oilsecds, hay and grass
seeds, vegetable secds, fruivs, nuts, veget-
ables, tobacecp, fibers

Methods of
Data Gather=-
ing

¢ Interview of producers by cn-
umerators ‘

» Crop arez from personal
judgement, supplemented by
cadastral survey

s Crop yields from local in-

e Direcct inquiry to farmer respondents
¢ Enumerators with aerial photos .
» Objective yield measurcment by speeialists

quiry
Sampling None Simple sampling procedura Multi-frame stratified ssmpling procedures
Structure . !
Organization Municipal Statistical Epard in » Data from commune col- . .
each commune . : lected by local correspon- e SRS HQ staff supported by 44 State offices

dent assisted by provincial comprising 9 crop regions.

agricultural inspector ¢ Refer to Figure 9

& Central Institute of St-

atistics issues technical

directives and publishes

Tesults
Erequency Every 3 months Two crop reports per year Multiple crop reports per year, Intentions
of Crop Re- . First estimate at planting ° to plant-yearly per crop. Acrcage, ¢rop con-
porting time; second estimate at condition, preducticn forecast - moathly for

harvest

3-6 months. Final productiuvn and yicld-yearly,




Agriculturai Data Gofhering System

| No data

Medium Complexlty

°
(=R

=5
W

Ty Sophisticated

Distribution of Crop Forécasﬁng Act

17

ivities

R VAR

ny
[



YEARLY COST OF WORLDWIDE CROP SURVEY/FORECAST

18

Per Capita GNP

Weighted

Survey/
Forecast Cost

Region Ratio Survey Factor | Million U.S. §
North America 42.4

u.s. . 1 1 40

Canada 0.084 0.7 2.4
Western Eutgpe- 1,72 0.7 48.2 -
Eastern Europe 0.89 0.25 8.9
Latin Anerica 0,11 - 0.15 0.7
Africa/Mid-East $ 0.15 0.07 '-0.4

Asia 0.53 0.10 2.1
QOceania 0.05 6.7 1.5




SUBLISHED USDA- SRS FOREGAST ACCURACY

i0

\[1972

WINTER WHEAT - TOTAL US.CROP 18

_| Forecast Error%

Rae .l-:.ll96;8
/ _\,._\ o)

‘ 4 1
! I

| 0
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Fereeast Lecd

Time Months
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USDA- SRS Average Crop Fbrecasﬂng Error
Versus Time Prior to Crop Year Close

(All Wheat)
Data cover years 1957-1972 -
N N
Average Forecasting
10 [Error % 4/ mean
L
5L
N
+ N
S
— —_—— — e )
: ’ S - Tim2
O 1 ﬂ'l m PriOr fO
' : ' ! ’ ' Forecast
5 3 ’_-_____2____..____.!) 0 Close-
- ' . B Months
- - ,
7’
- ”
V4
5 //
/
4
/
/
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VARIATION BETWEEN PRELIMINARY AND FINAL WINTER WHEAT ESTIMATE.

 + 2} Variation %

. d
0‘0’0 %
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+] |
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TREND @? AVERAGE USDA FORECASTING ERRORS

( major commodl’f;es)

104
Avemge of

“RIeIeTidE
s
« s,

~ |o29-1938 1939-1948 1940-1958 15591968  1969-970
| " Decade
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THE EFFECT OF CHANGES !N ACREAGE YIELD
ON TOTAL FRODUCTION OF WHEAT

A
20 i N °
+ _ - [7] CHANGE IN PRODUCTION %

o § RN CHANGE IN ACREAGE %
R T OET
i ]

' ' | &\ R | ' ' ACREAGE
| \ | NN T
10 \\ ACREAGE \l ~ PROD i
X N I\ S
_ 20} ' -
' 30 g ez 6 6 6 66 67 68 69 70 71 72 ‘73 CALENDAR YEAR
9%  YIELD GHANGE COMPARED TO CHANGE IN PRODUCTION
i a0F : '
: - | K |
XS cnancE In PRODUCTION % 20} o
N | CHANGE IN YiELD % + R
. . !o — . \“{ ' .
= _ S N
; T \T - MK \
| . \\ o ' RS AR
3 PROD N e N o SN 1 - N
T X PRO T ! ) x
YIELD\J‘ RROD l DN
B\ Al 10f—
. 20(- N
; (24
20

6 e 63 64 65 € 67 68 65 70 T 72

73 GALENDAR YEAR



CONTRIBUTION OF ACREAGE HARVESTED TO TOTAL WHEAT PRODUCTION
Ggrguoieofhange SETEEIRE
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AGREAGE LOST IN U.S, DURING GROWING SEASON

| . All Wheat 131 . 30
o5 | ACREAGE LOSS % OF FINAL . ([ Winter Wheat 156 4.5
20} . - — |

1963 . 1868

SZ



CROP LOSS CAUSES : WHEAT

(1939-69)
%OFf Total Loss
DROUGHT
40F
30+
20
HAIL
WINTERKILL
I O _ winp EXCESS
‘ DISEASE  IOISTURE (NSECTS
FLOOD

ALt OTHERS

9z
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BY USDA SAMPLING PROCEDURE

100 - % Devlutscn between o | . ' S?ahshcul Basis: 66 % Chuncé -
actual and esﬂmated B : _ ‘thato estimate dtffers from 1rufh
ucrcage . | | by % given

10

Probable Total Error
early in season

AT VWheay r
‘Acreage 10ss
error

Current* segi’-nen?s
in USDA Sample

Sampling
. error

[ ‘ ! ‘ | !

Q.
I

o - oo - 1000 10,000
No. of Semple segments Reporting
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ACCURACY OF REMOTELY SENSED CROP DISCRIMINATION

¢ Correct Identification : a

CROP _AIRCRAFT (Scale 1:4000}1 SATELLITE (?RTS).
Small grains 100 _——
VRow' crops 96 96 -
Pasture §6 - 84
Trees .10_0 86. | | J
Wheat 95 93 |
OatsA_ - 95 ..35

100 100 .

Water

= not available
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GROWTH STAGES

IN

WHEAT, OATS,
'BARLEY, RYE

pag-
EXERGEMCE

STAGE

STAGE

one
shoot

STAGE

tillering
begins

TILLERING —mmmmmereeeenat

STAGE
stage 4
3 teef-
tillers Shealhs

formed |Englhen

STAGE
5
leaf-
sheaths
strongly
erected

N'! \
! ‘ /
)\ A
Y V7
R o
e T _ i

30

T visibie

) " RIPERING
L4 STEN EITE_ISN! HEADING
2t STAGE | STAGE
| sTaGE 105 11
. 10.1  towerlng
STAGE | {sea  (wheol}
STAGE' 10 notes)
9 in"beot”
- ligule of
STAGE last leaf
Jus!?
jast feaF visible
STAGE  just :




TYPICAL GROWTH PATTERN - KEY

OF MAJOR WHEAT TYPES O seeomg 3L

SPIKING
BOOTING
HEADING
FOLLINATION
RIPENING
HARVEST

OO} % TOTAL GWTH

FALL SOWN-SPRING WHEAT

EMERGENCE -
TILLERING

JOINTING - SHOOTING

©m P SO » +B

1001 B 1S " CONDITION"

REPORTING PERIOD
WINTER WHEAT : |

OPT. GROWING-
AREA

POST-B IS "t;s*n-
MATED YIELD
REPORTING PERICD

0 L e
K———— A
100
WINTER WHEAT
NORTHERN BOUNDARY
ol
< A
100L
SPRING WHEAT
:
|
:
1
0 ! L ; : \ ; ; ! [ i L i z
|

H
SEPT OCT NOV DEC JAN FEB MAR APR1 MAY JUN
:€~A—§i~:’—-—-—-B-————é1

' | :
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, CROP AREA DISTRIBUTION

Al % of Total L ,
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. THEORETICAL ACCURACY o
. OF CROP ACREAGE
 MEASUREMENT BY ERTS

Acreage” | | | | .
Mensoration  CROP: ALL WHEAT
LEror% -~ REGION:US. |

ESTIMATED USDA MENSURATION ERROR
| Early: 4 % | .
Late . 2éfo 7 '

Z Theoretical ERTS
sapability
/

1

L
100

O

~ Area Million ha -



10 oL Acreage

- Mensuration
Error %

Morocco

THEORETICAL UNIT h{IIENSURAT!ON ERRCR
(ERROR ON THE AVERAGE F?\RM ")

| iaﬁiy'

10

Tunisia
inicon

D

Republic

L Nicaragua

Argenting

‘Total Error ~
=~ Unit Error / \/#’Avamqe Farme” Sampled

Typical Range of

. w

Developing Nations .

USDA CURRENT=F/—

' USDA TARCGET

_Theoretical ERTS

ensuration ‘
Capability

g

0.

A 4
0o

"Average Farm' Size

1y
1000

‘ |
10,000 hectares

w
'y
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THEORETICAL "BEST" MENSURATION ERROR FOR

SELECTED COUNTRIES - WHEAT ACREAGE

Mensurclﬁon- Error %

1.0 4
< 8 g (2
2 = B3 .
5 2 2 @ & @
2 > B8 - >
e X
N R
0‘0] Mensuration !
Capability
0.00! - : ! 1
ol i 10 100

Wheat Acreage-million ha



