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FOREWORD

Efficient management of the Large Arca Crop Inven-
tory Experiment (LAC1lE) dictates that effective
controls of project activities be established. To
provide a basis for effective control, documentation
will be prepared, baselines will be established, and
changes to the baseline will be subscquently con--
trolled by the proper management levels.

The specific control documents which will be used
are defined in the LACIE Project Plan, Document
LACIE-C00605. All elements of the LACIE project
must adhere to these baselined control documents,
and, where it is considered that the requirements
should be changed, the proper change request accom-
panied by a full justification, must be submitted
to the proper management level in accordance with
established procedures. These documents will be
maintained current by change notices and revisions
as required. Each change notice and/or revision
will reference the applicable Change Control Board
Directive (CCBD) which approved the change.

This document, LACIE-C00200, Volume IV, Revision C,
defines the LACIE Crop Assessment Subsystem Require-
ments and has been prepared in accordance with the
"Instructions for Preparation of LACIE Requirements
Documents," LACIE-00100, Revision C dated November 20,
1974, "Full-Up System," as used in this document, is
defined as the system required to accomplish LACIE
Phase II. In general, the approach used in each
section is to first specify the requirements of

the Full-Up System, and then to specify the require-
ments of any interim systems by reference to specific
paragraphs in the Full-Up System requirements sec-
tions of the document. The LACIE Project Phases are
defined in the LACIE Project Plan, LACIE-C00605.

The organization responsible for the implementation
of each requirement defined in this document, is
specified on an individual responsibility applies

to the complete section, the implementation responsi-
bility is specified after the section title. A "sec-
tion" for the purposes of designating implementation
responsibility is defined as being any numbered para-
graph and all subparagraphs. Where different imple-
mentation responsibility apply to different portions

iv.
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of a sebtioﬁ,_the implementation responsibility is

specified on an individual paragraph or sentence
basis, as applicable. All implémenting organiza-
tions designated shall accomplish their implcmenta-
tion activities in accordance with the requlrements
spec1f1ed herein.

L b G2

R B. MacDonald o »
Manager, Large Area Crop Inventory Experlment
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AEM ' Agricultural and Mechanical
ASCS _ Agriculture Stabilization and Conservation
" 'Service
ASVB Applications System Verification Branch
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CAMS Classification and‘Mensuration Subsystem
CATEGORY 1 Category 1 requirements are those which can be

understood to the degree that definite action

can be taken to satisfy the requirement; i.e.,

the requirement is defined to the extent required
for implementation by the implementing organization.

CATEGORY 2 Category 2 requirements are those which can be
' ‘ understood to the degree that action can be
initiated but further definition of the require-
ments will be necessary for complete implementa-
tion. :

CATEGORY 3 Category 3 requirements define a general area
- in which a requirement exists but the require-
ment needs to be further deflned before implemen-
tation can be initiated.

CATEGORY 4 Category 4 requirements are those which may or
‘ may not be levied at some time in the future;
i.e., they consist of items which are still being
considered for possible implementation,

CCBD , Change Conttol Board Directive

; CCT , Computer Compatible Tape
CITARS : Crop Identification Technology Assessment for

Remote Sensing




CPU
CRD
CSs

DAPTS

DSAD
E
EOD
EP
ERS
FAS

Full-Up
System

FY
GDSD
GSFC
GSR
ICD
ID

1E

‘Interim

System
I/0

ISRRS

JsC-

Central Processing Unit
Crop Reporting District
Civil Servant

Data Acquisition, Preprocessing and
Transmission Subsystem

Data Systems and Analysis Directorate
East

Earth Observations Division

Error Parameters

Equipment Record System

Foreign Agriculture Service

System required to accomplish LACIE Phase II

Fiscal Year

Ground Data Support Division
Goddard Space Flight Center
Green Support Room

Interface Control Document
Identification

Information Evaluation

Systém requirements to accomplish subphases of
LACIE Phase I, excluding subphases IA and IB

Input/Output

Informatiocn Storage, Retrieval, and
Reformatting Subsystem

Johnson Space Center

xi




K

LACIE
LACIE PO
Landsat
LECv

MSS

NASA

NOAA

(ut of Sync

ONC
PFC
PPS
RED

Pseudo=-
county

RTEB
S
SEAD
SPE
SRS

Standard

Statistics

T&E

TBD

Thousands (kilo)

Large Area Crop InVentory Experiment

LACIE Project Office

Land Satellite

Lockheed Electronics Company

Multispectral Scanner

National Aeronautics and Space Administration
National Oceanic and Atmospheric Administration
Not synchronized

Operational Navigational Charts

Production Film Converter

Probability Proportional to Size

Research and Dévelopment

Aggregates of 5- by 6-mm rectangles whose center
points lie within actual county boundaries

Research.Test and Evaluatioﬁ_Branch
South |

Science and Applications Directorate
Systém Performance Evaluation
Statistical Reporting Servicé

Standard deviation, coefficient of varlatlon,
bias, and confidence level

‘Test and Evaluation

To Be Determined

Xii




ey

ey

USDA

VIP

YES

United States Department of Agriculture

Very Important Person

West

World Meteorological Organization

Yield Estimation Subsystem

Xiii




SECTION 1.0

FUNCTIONAL RESPONSIBILITIES

1.1  GENERAL

The CAS will consist of muitidiscipllhe analyst/
software capabilities for whlch respon51bllltlcs
include:

A, Providing, on a monthly bkasis, the area, yield,
and wheat production from planting through post--
harvest. Phase I responsibilities will be area
estimation for the Applications Evaluation
effort, as well as yield and production for-
the TEE and RED efforts. Phase II responsibil-
ities will include area, yleld and production

.. reports in the AES, ' '

'B. Development of a sampling strategy and defini-
tion of sample segments for area .and productlon
calculations. e =

C. Insuring that related LACIE subsystem's outputs
will be properly compatible within the crop re-
porting system for eventual transfer into a

- USDA operational environment. :

D. Providing criteria and procedures for the assess-
ment and evaluation of LACIE reports in terms
of USDA requirements and in ccnsideration of
established performance goals and cost beneflt
crlterla.

E. Investlgatlng dlscrepanc1es in the LACIE area,’
.. yield, and production reports identified by the
- USDA evaluation of the information contained in
these reports. (If the source of the discrepancy
is determined to be within the AES, the CAS '
will analyze and report the causes and make‘
recommendatlons )




1.2

1.2.1

1.2.2

1.2.3

1.2.4

SPECIFIC

Sample Strategx

A.. Definition and delineation of agrlcultura]
sampling areas

B. Insure adequacy of sampling strateqy for LAC[E'
' requirements : ’ ,

1e Develop and utilize a sample strategy to
select the number and locatioh of the
~-sample segments required to estlmate accu= .
rately the wheat area. :

2. The sample strategy will be tested on :a
llmlted basis prior to Phase I.~e

3. The results of the sample strategy will be
monitored during Phase I operations and
. the strategy will be improved as required
for use in Phase II.

Wheat Area Estlmatlon

In Phases I and 1I, the CAS w1ll incorporate CAMS
wheat proportion estimates into the Crop area ag-
gregation model to obtain monthly estimates of area
by strata, zone, region, and country.

Yield Estimates

In Phase II, the CAS will utilize the stratum and
zone average yields supplied by the YES to provide

‘ monthly estimates of the yleld for the regions and
“countrles. , :

Production Estimatien

In Phase II, the CAS will operate the crop=-production

model to: obtaln monthly estimates of crop production
based on the products of area and yield determined

~ by the CAMS and the YES, aggregated to production

values for strata, zones, reéegions, and country.

- Production estimates for a geographlcal area (country,‘

12
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1.2'5

region, etc.) will be an upward aggregation of
production estimates of its subareas.

Compatlblllty of Crop Reporting

The CAS w1ll insure that the LACIE output reports
are compatible with the USDA crop reporting system
to allow eventual transfer into the USDA ocperation.
The CAS will provide the criteria and procedures for
the assessment, and evaluation of the LACIE output
products to meet USDA requirements. :

Accuracy Assessment

The CAS will monitor and evaluate the development
activities and products of the CAMS, CAS, and YES,
and track AES parameters in sufficient detail to
provide an assessment of the reliability and ac-
curacy of the area, yield, and production estimates
issued by the LACIE. Any deficiencies will be re~-
ported to the AES and Quality Assurance Managers.

The CAS will define the ground truth requirements
necessary to support this activity. The CAS will
‘also provide assistance to the Washington USDA
LACIE staff in the following areas:

A. Identify additional information processing
support software/hardware requirements for
the USDA based on operating experlence and.
user requlrements. :

B. Develop TEE criteria and procedures for the
LACIE system. _

C. Supervise the application of criteria and
procedures in B. to a USDA test bed systen.

D. Participate in and monitor ongoing research
and development efforts.




' i ' , Yo "uﬁé&m
: _ , 26 BLANK P .
o SECTION 2.0
| L APPLICABLE DOCUMENTS
| .
| §
s The following documents are applicable to the
g extent specified herein:
[
; A. LACIE Project Plan, LACIE~C00605, dated
k August, 1975,
i B. Instruction for Precparation of LACIE Require-
: , ments Documents, LACIE-00100, Revision C, dated
ﬁ o November 20, 1974,
i i C. GSFC/JSC Interface Control Document, LACIE-
s ' 00701, dated March 20, 1975.
l
D. LACIE Requirements Documents, LACIE-C00200
(Revision A) Volumes IA, IB, IC, ID, IE, II,

1v, v, VI-A, dated December, 1975 and LACIE-

00200 Volumes ir1r, vi-B, VII, VIII, IX, dated
-December, 1974,

TR SR AR R

Eoo E. LACIE Subsystem Procedures Documents - TBD.
3 .

PREAES F. LACIE Operations Plan, LACIE-C00602, dated
NG July 11, 1975 and LACIE Operations Plan,
Phase II, LACIE-C00606, datedeeptember, 1975.

G. LACIE Rescope Document, LACIE—OOHOl Volume I,
i SR dated April, 1975.

i , H. USDA/NASA Interface Control Documents, Volume
) 2 I, LACIE-C00705, dated April, 1976, and Volume II
e o (Revision A), LACIE~C00707, dated April, 1976.

I. LACIE User's Manual.

J. NOAA/NASA/USDA Interface Control Document ILACIE~
C00710 dated December, 1975.

K. CAS/IE Interface Control Document, LACIE~C00709
dated December, 1975,
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' SECTION 3.0

FUNCTIONAL FLOW DIAGRAMS
DEVELOPMENT

Full ~-Up System

The developmentiof the CAS crop assessment opora-
tional functions is shown in figure 3=-1, and the
development of the accuracy assessment 1s shown in
figure 3-2.

Interim. System

The development of the Phase IC portion of CAS crop

assessment is shown in figure 3-1 as the top two

" flow diagrams for sample strategy and area calcula-

tion. No operational accuracy assessment 1s belng
developed for the 1nter1m system.

OPERATION

Full-Up System

" The full-up operational CAS crop assessment is shown

in figure 3-3 to 3-5. The operational accuracy
assessment flow is shown in figure 3-6. ‘

Interlm System

The Phase IC portion of CAS crop assessment is shown
in figure 3-3 (area only). No operational accuracy

~ assessment is conducted on the interim system.

3-1
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CAS SUBSYSTEM DEVELOPMENT

Develop Define setect 1 | oetine : mprove —
| Sample "~ jgp| Strata and Segrpr)tenf Zones and A S:m *e 4 B
Strategy Country Location Regions Ph;:ee?r
A =] Define Procedures Develop : Phase 1
i for Calculating Software ] oot | Operations
B p=p| Acreage Acreage Only
Define Procedures p N
A for Obtaining Average [S)ezi lop :
, Yield per Acreage ;o0Tiware et Test
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SECTION 4.0

REQUIREMENTS (CONSOLIDATED)

4.1 CROP ASSESSMENT
4.1.1 Full-Up System o
4.1.1,1 Development.- (Required by CAS; Category 1; Imple-

mentation Responsibility: CAS/LACIE-ASVB using GDSD
~computers). Agricultural records,; Landsat mosaics,
and maps for the smallest reporting subdivisions of
the desired countries are used together with the
effects of cloud cover as inputs to develop a sam-
pllng strategy for crop area estimation.. The strategy
is designed to achieve a 2 percent (or less) coef-
ficient of variation Landsat (2 percent sample error),
using analyzed data from segments 5x6 n. mi. which
are placed in accordance with the constraints and
throughput constraints received from Goddard and
GDSD. The output products are the sample segment
location, definition of each segment as spring or
winter, and definitions of substrata, strata, zones,
and regions. Reguirements are UNIVAC 1110 and 1108.
Reference Appendlx D.

4,17.1.1.1 Sampling Stratégy. (Required by CAS; Category 1;
Implementation Responsibility: Systems Engineering/
CAS-SFB) . The sampling strategy developed during
LACIE Phases I and II (stratlfxcatlon on political
boundaries) as modified in Phase III will be utilized
in U.S. Great Plains & USSR during Phase III & in
USSR and other LACIE countries during Transition.
Appendices A & B of this document detail this sam-
pling strategy. A new sampling strategy (stratifica- .
‘tion using natural elements, referenced as the unive .

~ersal strata or partitioning) will be implemented

‘in selected areas for testing during LACIE Phase TII
and for the Great Plains during Transition. Appendix
E of this document details this new sampling strat-
egy. These requirements are for the PDP 11/45,

o ‘:m&mf’é_\@ﬂ s&m@w e v,
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4.1.1.1.2

L‘.1'1.1.‘3

a.1.1’1v.u

4.1.1.1.5

Aggregation procedures and software for area:
(Required by CAS; Category 1; Implementation
Responsibility: CAS/LACIE~EOD).. Once the sampling
strategy is defined and has been used to define the
location of the segments, substrata, strata, zones,
and regions, procedures and software will be com-
pleted to utilize the percentage of wheat from clas=-
sified Landsat segments to determine crop area for ‘
each strata, zone, regio», and country. Software

is to be implemented on an interactive computer.
(Batch processing capability is required operational
on 10/1/75 and interactive capability on the PDP
11/45 on 4/1/76.)

Average yield procedures and software: (Required
by CAS; Category 1; Implementation Responsibility:
CAS/LACIE~EOD). Once the strata, zones, regions,
and meteorological stations are defined, procedures
and software can be completed to calculate average
yield for each region and country. Software is to
be implemented on an interactive computer.

Integration software for calculation of production
from yield and area: (Required by CAS; Category 1;
Implementation Responsibility: CAS/LACIE-EOD).
Once the segments and strata are defined procedures
and software can be completed to utilize average
stratum yield and percentage of wheat from individ-
ual segments to calculate production for individual
strata. Software is to be implemented on an inter-
active computer, (Batch processing capability is
required operation on 10/1/75, and interactive
capability is required operational on 4/1/76.)

Aggregation procedures and software for production:
(Required by CAS; Category 1; Implementation Respon-
sibility: CAS/LACIE~EOD). Once the sampling strat-
egy is defined and procedures and software developed
for integration of yield and area into production,
procedures and software can be developed to aggregate
production for each zone, region, and country. Soft-
ware is to be implemented on an interactive computer.
(Batch processing capability is required operational

on 10/1/75 and interactive capability operation 4/1/76.)

4=-2



4,1.1.1.6 Ancillary information: (Required by CAS; Category
3; Implementation Responsibility: CAS/USDA). De-
vise procedures for modifying yield, area, and pro-
duction estimates interactively using information
synthesis techniques to incorporate ancillary in-
formation. Information such as FAS attache reports,
FAS country analyst reports, weather-related infor-
mation on insects, crop disease, crop-management
factors, and other TBD reports will be 1ncorporated
into the area and production forecasts.

4,1.1.1.7 Error estimates: (Required by CAS; Category 1; Im-
plementation Responsibility: CAS/LACIE-EOD). Pro-
cedures and software will be designed %o calculate
standard statistics of area, yield, .nd production
estimates using the ratio of true county agricultural
area, estimated error in percent wheat from CAMS,
standard statistics from YES, historical wheat area,
yield and produetion for stratum, zone, region, and
country, area stratum ID, bio-phase, and date of
acquisition. (Batch processing capability is re-
quired operational on 10/1/75 and interactive capa-
bility on 4/1/76.)

 4.,1.1.1.8 Modify crop area, yield, and production software:

(Required by CAS; Category 3; Implementation Re-
sponsibility: CAS/LACIE-EOD). Modify area yield,
and production estimating software and procedures,
if required, based on the results obtained in
Phases I and II..

4.1.1.1.9 Devise procedures for choosing sample segments:

{Required by CAS; Category 1; Implementation Re-
sponsibility: <CAS/LACIE-ASVB). Procedures will

be defined and documented for choosing sample seg-
ments based on the sample strategy defined in
4,1.1.1. These step~by-step procedures and equip-
ment are defined to a level of detail that will en-
able persons with photointerpretation, country

"~ analysts, and mensuration backgrounds to carry out
all required functions. See Appendix B.



4.1.1,1.,10
A

'“.1-1.1.’11

4.1.1.1.12

4.1.1‘.1.13'

4.1.1.2

'JSDA Compatible Outputs: (Required by LACIE PO;
Category 3; Implementation Responsibility: CAS/
LACIE-ASVB). The CAS will determine the report
format and content of the current crop reporting
system of  the USDA, and insure that the proposed
reports generated by the LACIE AES are compatlblc.
Any discrepancies vill be rectified with the con-

currence of the LACIE PO and USDA. The objective

is to insure that the LACIE output products can be
1nfegrated into the USDA reportlng system, if re-
quired, in the future.

Software to be developed: {(Required by LACIE;
Category 4; Implementation Responsibility: CAS/
EQOD) . Software will be developed to use:area,
yield, and production for each month for years
i-1, i-2, etc., to calculate area, yield, and
production for year i-2, etc. for each stratum.

Test of area, yield, and production procedures and
software: (Category 1; Implementation Responsi=-
bility: CAS/LACIE-FSO). The procedures and soft-
ware for estimating the area, yield, and production
to the courntry level will be tested prior to im-
plementation in the AES. Batch processing test
complete by 10/1/75 and interactive test complete
by 4/1/76.

Select segments for each LACIE country: (Required
by CAS; Category 1; Implementation Responsibility:
CAS/LACIE-ASVB). Sample segments are chosen using
techniques described in the procedures document

(4.1.1.1.10) at the rate of about 50 segments/day
for a total of 4800 se¢gments. This task is redone
annually if requlred and requires Landsat mosaics

and maps of 1.106.scalé, Landsat constraints over-
lays, nonagricultural areas defined 5x6 n. mi. grid

~overlays, and 5x6 n. mi. center point overlays.

T

Operations.- The full~up system will consist of es-
timating wheat area, yield, and production by
stratum, zone, region, and country. These pa~-
rameters will be determined monthly from planting

4-4



to postharvest,  Initial operaticns in the batch
mode on the PDP 11/45 are required by 10/1/75,
and full-up operation in the interactive mode on
the PDP- 11/&9 is requlred 4/1/76. :

4.1.1.2.1  Calculate total wheat area per stratum: (Requlred
by CAS; Category 1; Implemenuatlon Responsibility:
CAS/LACIE-ASVB). There are up to 60 sample segments
(in the U.,S. there is usually one segment per county)
contained within each area stratum depending upon
the amount of wheat grown in the area, and the
stratum size. The sample segment percent wheat,

v correlated with the area devoted to wheat is deter-

o - mined from the sample segments. This is then com-

bined with the historical area of wheat within that
stratum to obtain an estimate of the currentfspring
and winter wheat area. If drastic changes in wheat
grown (as determined from the sample segments) occur,
the segment will be flagged for checking, or pos-
sible reclassification by the CAMS. This operation
is performed for all area strata within a country.

CAS requires the ability to aggregate CAMS classi=-
fication data by six (6) subclasses (i.e., all small
gralns, spring small grains, winter small grains,
sprlng wheat, winter wheat, and other), as reported
in the CAMS cla551flcatlon summary. The spring and
winter wheat subclasses are required to produce . .
spring and winter wheat area estimates. In addi-
tion, CAMS classification results that are provided
toiCASJincludeathe subclasses of small grains, win-
ter small grains, and spring small grains. The
ability to aggregate areas on a subclass basis is
required and also the ability to derive the wheat
area estimate when confused with small grains re-
quires ratioing out the small grains based on the
,ratlo of wheat to small gralns from the previous
year' s hlstorlcal data.

CAS requires the ability to aggregate data by bio=-
stage, ordering the biostages, or combinations of
 biostages. Biostage or growth stage information
is used in crop identification on Landsat data and
" provides a measure for analyzing the best area iden-
tification results for CAMS. While multiple Landsat
- passes of equal quality exist, biostage ordering
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allows for  the selection of the best data for -area
aggregation. The CAS analyst shall have the option
“.of aggregating by subclasses, wheat only from ratioed
‘subclasses, and by a single biostage or group of
biostages in any order up to seven (7) biostages.

Using the sample segment percent wheat (and notation
in terms of suitability for aggregation), the sample
segment identification, wheat growth stages, dates
of acquisition, strata ID, nearest neighbors to
~each stratum, historical agricultural data, ancil-
lary area data, and the area strata software, the
estimates of wheat area per stratum will be calcu~
lated using interactive software and computers.
‘Output will include historical data, report number,
date of reports, strata, zone, region, country, etc.
This will be done about twice per month per stratum.
Inltlal operatlon required 10/1/75.

The CAMS two dlglt (00-99) evaluation codes
(5.1.1.2.1B) determine the SUltablllty of a segment
classification for aggregatlon accordlng to the
following. descrlptlon.

00-09 Data ;srnot processed by CAMS and is not
. used for aggregation, ,

10-19 Cla551f1atlon data is unsatlsfactory.
20-29 Cla351flcatlon data is marglnal
30-39 Cla531f1catlon data is satlsfactory;

40 ’ Segment is totally nonagrlcultural but
' can be used in an qggregatlon. '

The CAS analyst selects the numerical value of the
codes or the range to be aggregated. In theicase
of multiple data in the same biowindow the logic
should select the latest acquisition within the
.code threshold. In the case of codes 12, 22, and
32, which designate no significant change from last
classzflcatlon, the proportion classified for the
segment is obtained from the last previous unsat-
isfactory, marginal, or satlsfactory evaluation code,
respectlvely.;

o



4.1.1.2.2

4.1.1.2.3

B.1.1.2.4

Calculate standard statistics of wheat area per
stratum, zone, region, and country: (Required by
CAS; Category 1; Implementation Respon31b111ty
~AS,LACIE-ASVB). The estimated error in percent
wheat, standard deviation in the historical wheat
area, estimated wheat area in each stratum, number
of sample segments acquired, sample segment ID,
area of strata, zone, etc; historical wheat area

of strata, zone, etc; strata ID; biophase; and ratio

of true county agricultural area to pseudo-county
area, will be used to calculate the standard sta=
tistics of wheat area per zone, region and country.

~Same frequency as 4.1.1.2.1 with initial operation

required 10/1/75."

Calculate area aggregation: (Required by CAS;
Category 1; Implementation Responsibility: CAS/
LACIE~ASVB). Using the area aggregation software,

"the CAMS proportion of wheat for each strata, his-

torical agricultural data; nearest zone neighbors;
zone, region, and country descriptors; calcula-

|1ons are made of the wheat area for zones, region,

and countries and reported and stored in the CAS

“and ISRRS. Each level will be done "interactively"
twice per month when a significant number of the
'segments in an area have been analyzed. Output
“will also include anc1llary data similar to strata .
_report (see section 4.1.1.2.1). Each time an area

réport is generated, these data are then available

for reporting purposes by the CAS, and no report
storage is required in the computer. The data from

. the replaced reports are stored. 'These new data
‘are treated as speculative data. Batch operatlon

required on. 10/1/75 and 1nteract1ve operatlon on .
u/1/76.

Calculate yield and production: (Required by CAS;
Category 1; Implementation Responsibility: CAS/

,LACIE-ASVB) The subsystem operates a computerized

crop aggregatlon model that will obtain a monthly
estimate (beginning #4/1/75) of the average yield
and production by strata, zone, region, and country.
The computed yield and area are obtained from stor-

"age. Calculation of 'the standard statistics assc-
. ciated with the yleld and productlon estlmates is
falso requlred ‘

47
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C4.1.1.2.5

[
I
i

A, Thg following inputs are required:

|

1. Yield value of each area stratum.
‘2. Meteorological station coordinates - lati-
tude and longitude 1n degrees and minutes,
] (E, W and N, 8). -
3.E Ancillary data.

-—Yield strata boundaries. . e

75} MHistorical yield for 15 years.
6. VYield coefficients for each stratum.

7. In addition to-these inpUts,_tracking of.
errors through the calculations requires
the standard statistics for each yield
value.

" B. The yield and area estimates are integrated t.:

obtaln a production estimate for each area
stratum The yield and wheat area estimates
for the strata are used to calculate production
for each stratum. An average production for
each stratum is calculated and modified by the
ancillary data if data from that stratum are
available. The production is aggregated to
the zone, region, and country levels. The pro-
duction at the country level is again modified
based on ancillary data, if required, and then
reported. Speculative data are generated.

C. The output of the CAS is designated speculative

: information;and access to the data and reports
must be controlled. Proposed outputs are in-
cluded in appendix A, —

Calculate standard statistics of production for
stratum, zone, region, and country: (Required by
CAS; Category 1; Implementation Responsibility:
CAS/LACIE—ASVB). The estimated production and

yleld in each stratum together with inputs required
in 4.1.1.2.2 will be used to estimate the standard
statistics of production at all higher levels. Same

frequency as b.1.1.2.1.
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4.1.1.2.6

was made.

Software and Hardware Design Constraints: (Re-
quired by CAS, Category 1, Implementation Respon-
sibility: CAS/LACIF-ASVB) The aggregation soft-
ware will be designed to incorporate CAMS area

v m%asurements together with historical data to pro-

duce wheat area estimates for the substrata, strata,

zone, region, and country. In Phase II, yleld will
be factored in to estimate production. The system

~will be operated by the CAS analyst from a CRT

terminal(s) with line printer(s). The analyst will

" be able to operate the aggregation interactively

or in batch mode. In the latter mode he will des-
ignate an area (by strata, zone, region or country),
user name and user code and aggregations will be
performed at all levels up to that point, with a
results report being printed for that highest
aggrcgation level, Printouts of lower level ag-
gregations can be called for on a one-by-one or:

on a group basis as desired. The analyst can also
generate aggregations manually, one at a time, to
correct prev1ous reports. The batch mode may then
be used to aggregate upward to correct higher level
reports. (Batch operation requlred 10/1/75 and
interactive capability on 4/1/76 )

Reports listing all data in the CAS data base must

‘be available to the CAS analyets.

‘All data in the DAS data base (1nclud1ng inpnt) can
,be modified by the CAS analyst. However, each change -

must be accompanied by ‘a change report which gives

‘the time, day, month, and year, name of the person
‘making the change, old data, new data, report changed,
copy of affected report with change denoted by §$, ,

or * on both sides of change, and reason ‘the change

i

If errors are detected after a report is generated

"(e.g., report for Kansas for April) a capability

must exist to go back and change this aggregation

"and generate a new report even though the error ... .

could have occurred 6 months cr 1 year ago.

; Normally, substrata reports and yield strata will

not be called for; however, when problems occur
these reports will be called for by the analyst.

4=9



4.1.1.2.7

4.2

4.2.1

u.2.1.1

4.2.1.2

Monitor and record: (Required by SPE; Category
2; Implementation Responsibility: CAS/LACIE-ASVB).
On a weekly basis, the following information ex-
pended in the preparation of area, yield, and pro-
duction estimates for each country for TBD phases.

A. Manpower: ' Category, number of people per
' category, man-hours per category, categories
TBD.

B. Computer time (CPU and I/0): Designation of

computer system and number of. hours expended.
(Implementation Responsibility: EOD develop
software to track this time).

o

Interim System

Not appllcable.

- ACCURACY ASSESSMENT

,Fuli-UE Systenis

AEEroach.— The LACIE system will utilize remote
sensor data; the location of which will be selected
by a probability area sampling technique to esti-
mate crop area, yleld and production over a large
area. In most previous uses of Landsat data, ground
information has been used to provide known levels .
of accuracy. This may be impractical in LACIE
where Landsat data must be processed for areas
where ground information is not available. An
alternate approach will be developed, which monitors
various aspects of the LACIE components and through
a model which interrelates these aspects, to pro-
vide an estimate of the reliability and accuracy

of the LACIE outputs. This model will be verified
and update continuously during .the LACIE using data

-as acquired for the intensive study sites.

System development.- ‘The system development is as

vfollows.



‘The CAS will provide an assessment of the

accuracy/precision for each area, yield, and
production estimate made by the LACIE using
mathematical models to synthesize system be-
haviour. The system model will be developed
by first analyzing the LACIE system and iden-
tifying possible sources of error. Initially,
the LACIE requirements, procedures, and oper-
ating documents will be reviewed. In addition,
monitoring of system simulation, training, and
opcrations will also aid in identifying pos-
sible error sources. (Required by CAS; Cate-
gory 3; Implementation Respon51b111ty CAS/
LACIE-ASVB ) : R '

The importance of the various errors identified
for the system will be evaluated. This evalua-
tion will be made using data from three sources

1. Data obtained from prev1ous'1nvest1gatlons
into the use of Landsat data such as those
obtained during the CITARS prOJect will be
evaluated. 1In particular, the results of
the individual segment analyses and the re-
sults of the CITARS analysis of variance
will be analyzed. (Required by CAS; Cate-
gory 3; Implementation ReSpon51b111ty
LACIE~-RTES, ) :

2. A major source of data for the model devel-
‘ opment will be that obtained from the LACIE,

Test and Evaluation studies. A number of
controlled experiments will be carried out
tol isolate the various components of the
system, and how they individually vary
relative to some associated parameters.
These experiments will be designed by T&E
and concurred on by the CAS. (Required
by CAS; Category 3; Implementation Respon-
'sibility: LACIE-RTEB.) The results of
the Test and Evaluation studies will pro-
vide the basic input for the LACIE:error
model development Detailed requlrements
are defined in section 11.2.

3. The magnitude of the various errors to be
encountered by the system will also be.
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u.2.1_.3

quantified by monitoring the processing

of LACIE Intensive Test Site data during
training, simulations, and LACIE operation.
The data required to be monitored and re-
corded for the intensive test sites are
identified in section. 5.2 for each LACIE
subsystem. (Regulred by CAS; Category 3;
ImplementationwResponsibility: CAMS/YES/ .
CAS/DAPTS. ) ‘

C. The major source of error for each subsystem
will be identified. The data obtained will
be analyzed and a correspondence will be set
up between the relevant aspects of the situa-
tion, and will be formulated into mathematical
models. The models will bé exercised and '
compared with the ground reference data for
verification of the model., Also, simulated
data will be processed to prov1de a more

. controlled evaluation of the mathematical

- models. - (Required by CAS; Category 3; Imple-
‘mentation Responsxb111ty* CAS/LACIEASVB for
model development and GDSD for computer .)

D. The technlque and procedures requlred for the
operational implementation of the CAS accuracy
assessments will be develcoped, documented, and
tested prior to the beginning of the LACIE
full-up system. (Required by CAS; Category 3:
Implementation Responsibility: CAS/LACIE-ASVB
for development and GDSD for computers for
testing.) . .

Design philosophy.- The accuracy assessment system

of the CAS will be designed in a modular form to
1nsure flex1b111ty for modification of the sub-
system without major subsystem impact. The opera-
tional mode of: the accuracy assessment system:is:

‘required to be interactive. (Required by CAS;

Category 1; Implementation Responsibility: ISSRS.)

‘That is, the user shall be able to address informa-
tion for change and storage or retrieval, respond-

ing only to user input directive. Information
security shall be maintained to prohibit unauthor-

ized user access. (Required by CAS; Category 2;

12
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! ; Implementation Responsibility: ISSRS.) The design
should allow for data retrieval of TBD accuracy
parameters on magnetic tape, compatible with the
PDP 11/45 for offline processing and analysig.:
(Required by CAS; Category 3; Implementation
Responsibility: ISSRS.) :

b.2.1.4 CAS accuracy assessment ogeratlon.- The CAS accur~
dcy assessment operation 1s as follows.

A, The CAS shall insure that each subsystem moni-
tors and records the parameters necessary to
provide an assessment of the reliability and
accuracy of the area, yield, and production
estimates. The parameters required for the
assessment are listed in section 5.2, Addi-
tional parameters are TBD. (Required by CAS;
Category 3; Implementation Responsibility:
CAS/LACIE-ASVB.) These data will be processed
and analyzed via the LACIE error model, and

- an estimate of the accuracy and reliability
will be provided with all LACIE outputs. (Re-
guired by LACIE PO; Category 3; Implementation
Responsibility: CAS/LACIE~ASVBE for error model
and EOD for computer support.)

B. Any discrepancies in the LACIE area, yield, and
production reports, identified by the USDA eval-
uation of the information contained in these
reports, will be investigated by the CAS. 1If
the source of the discrepancy is determined to
be within the AES, the CAS will analyze the
causes and report to the AES and Quality Assur-
ance Managers, and make recommendations to the
LACIE PO. (Required by LACIE PO; Category 3;
Implementation Responsibility: CAS/LACIE-ASVB.)

h.2.2 L ;nterim System

Not applicable.




5.1.1.1

SECTION 5.0

INPUT REQUIREMENTS

Ihputs required by cAS from the other LACIE func-
tional elements are defined in the following sub-
paragraphs. _

CROP ASSESSMENT

Fqil-Up sttem

DAPTS .- The followlng requlrements are applicable

A.

to DAPTS.

Landsat data requirements

1. Landsat mosaics (Category 1; Implementation
Responsibility: DAPTS). Uncontrolled Land=
sat-2 mosaics of MSS-5 for "green phase" of
wheat growth stage a 1:1,000,000 scale of
the Phase II LACIE regions are required 60
days prior to the start of acquisition of
Landsat data for Phase II. Full frame Land-
sat-2 color IR transparencies of the eight
LACIE countries.

Fi?ld data requirements
Noi applicable.
Historical agricultural data requirements

1. Historical Agricultural Statistics (Category
1;- Implementation Responsibility: DAPTS).
‘Total area, total agricultural area, wheat
area (planted and harvested), yield, and
productlon data for the smallest reporting
political subdivision for each LACIE country
for the last 15 years (if available) are
required. These data are required on com-
puter compatible magnetic tape, one tape
per country per year, updated on an annual
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basis., Delivery date for U.,S. is ASAP,
Delivery of other LACIE countries' data
is required by 11/1/75. Specific data
requirements and format are described 1n

- NASA/USDA ICD, Vol II.

Overlap regions (CateQOry 1; Implementa-
tion Responsibility: DAPTS). Map overlays
for LACIE site location maps of 1:%,000,000
show1ng the winter/spring wheat overlap
regions for the U.S., USSR, and Peoples
Republic of China (PRC) are required. These.
overlays will be reviewed annually and up-. -
dated as required. The criterion for an
update is whenever overlap boundaries change.
These overlays are required ASAP for the U.S.
The overlays for the USSR and PRC are re-
quired by August 15, 1975. One copy of each
overlay is required. ' B : :

Boundaries of political subdivisions (Cate-
gory 1; Implementatlon Responsibility: DAPTS).
Four copies of maps of 1:5,000,000 scale or
larger of each LACIE country del;neatlng
the boundaries of the smallest political

~ subdivisions, are requlred. The maps must

be of khown prOJectlon. The maps shall
cover each country in detail at least as
fine as the data presented in 5.1.1.1 C.1.
The smallest political subdivisions for
acreage aggregation are as follows:

Country Political Subdivision
Argentina Partido
Australia. , Divisions
Brazil » Municipality o mis
Canada Mixture of divisions
- and subdivisions

India = District
PRC B Provinces
-U.S., o ©  Crop Reporting

' o District
USSR - Oblast

These maps are required as specified in

‘paragraph 5.1.1.1 C.1. The maps will be
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updated annually, when more detailed data
become available, or when boundary changes
occur., '

Cropping practices  (Category 1; Implemcnta-
tion Responsibility: DAPTS). Cropping prac-
tices reports (ancillary summaries) arc
required for each stratum identified in
paragraph 5.1.,1.1 C.3. The reports pro-
duced for YES are acceptable.

Crop calendars (Category 1; Implementation
Responsibility: DAPTS). One copy of mean
historical crop calendars based on last

15 years, if available, for each acreage
stratum identified in paragraph 5.1.1.1 C.3
is required. These crop calendars will be
used in determining the acquisition windows
for Landsat. The calendars will be updated
annually.

Agricultural reports (Category 1; Implemen-
tation Responsibility: DAPTS). USDA re-
ports containing current information on
wheat area, yield, and production in all
LACIE countries are required. Reports
published by LACIE foreign countries are
also acceptable. One copy of the following
reports is required:

a. Anhual summary of area, yield, and pro-
duction of wheat for each LACIE country.

b. Foreign agriculture circular - grains
. (FAS) quarterly.

c. Foreign agriculture (FAS) - weekly.

“d. 'Wheatlsituation (ERS/SRS) - Quarterly..

e. Foreign agricultural attache reports -
monthly.

f£. World agricultural and trade (FAS) -

quarterly.



g. U.S, State publication in cooperation
with SRS giving area; 'yield, and pro-
duction at the country level, yearly.
Required for all states containing
sample scgments,

5.1.1.2 CAMS.- The following information applies to the
classification and mensuration subsystem.

5.1.1.2.1 Electronic:

A.

Ready—access electronic outputs for sample seg-
ments  (Category 1; Implementation Responsibility:
CAMs) . The following parameters shall be stored
on magnetic tape for each classification run.
For the recognition segment:
1. Sample segment number
2. DPR number
3. Run 10
4, Bhattacharyya separability
a. All channels
"b. Channel subset used
5. External statistics tape number
6. Number of recognition segment subclasses
7. Number of merged image fields
8. Number of pixels in D/0O fields
9. Number of pixels in D/U fields

10, Date of classification

"11. Number of clustering runs

12. Number of chaining runs

13. Number of acquisitions used for classifi-
cation
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14. Channels used in classification
15. Current biological windowsﬁv
16. Segment ﬁype identifier (spring/winter)

17.  Sample segment use. 1nd1cator (tralnlng
or not tralnlng)

18. Dates of acquisition on merged image

19, Segment number, segment type indicator, .
and acquisition dates for each tralnlng 5

Lo

- segment o L

20. Threshold and a'priori values used in
- classification (by category)

‘21. Subclass classlflcatlon results
a. Subclass namei
b. Statistics manipulation flags
c;' Pixe1s classified into’gubclass
_d;;iPixels threshold from subclass

'For‘eaéh field in';egment:

22, 'Field name

23, Subclass name .. -

24, ‘Field type |

25, .Field population

26{w Number of subclasses

27. :Name ofleach subclass

28. Mean level adjustment Sun angle correctlon
flags for that (sub)class



e e
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29, VPixels*élassified into that subclass

© 30. Pixels threshold from that subclass

This tape shall be stored by ISRRS in the =
physical library for use by CAMS and CAS.

_ﬁTﬁe;analyst evaluation of the recognition seg~

ment shall be manually passed to CAS and stored
in the physical library by ISRRS. The follow-
ing evaluation!.codes shall be used: .

|

'Code 01: th machine processed = clouds,

haze, snow, etc. Means that

the segment cannot be processed
through the system because clouds,
haze;, etc., make interpretation
~and analysis impossible.

Code 02: Not machine processed - confusion
- crops or other interpretation
problems.

This code should be used when a

segment cannot be processed be-

~cause of interpretation difficul-
ties, especially when confusion
between wheat/small grains and

- other crops is such that a wheat/

~small grains estimate cannot be
determined. The rules for such
a decision are to be negotiated
between CAMS and CAS and included:
in the CAMS Detailed Procedures.

Code 03: Bad data - due tdféechnical prob-
lems, not reordered.

In this case the segment cannot
be processed due to technical
problems arising from unsatisfac-

~ tory histogram, excessive scan-
line drop, etc. If the segment
is not reordered, this code is
used., : :
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NOTE: If the segment-is re- .
ordered, no code should
be listed and no data
sheet should be passcd
to CAS since this segment
will again be sent through
~the CAMS system for eval-
uation. Any. segment that
cannot be processcd due
to clouds, etc., or tech-
nical problems, should be

~~passed as 01 or 03,

|
I

Code 05: Not machine processed - dqrmancy.

In|cases where recognition is a
problem due to the crop being in
a state of dormancy this code is
used.

Code 07: Not machine processed - preemer-
gence. :
In cases where the acquisition
is prior to the criteria estab-
lished for fall wheat recognition
(TBD) ‘this code is used.

Code 09: - Not machlne processed - multiple
acqulsltlons.

Code 09 was developed to take
care of the problem of processing
multiple acquisitions of a segment
at the same time. When multiple
acquisitions are available at one
: tlme, only one segment, which is
determined to be the better ac-
‘quisition for interpretation and
analysis by the CAMS analyst, is |
selected for complete processing.:
Other acquisitions are listed as
Code 09 to indicate that they had
- been reviewed but were not proc-
essed through the system. This
code enables CAS to review the
" segment results and account for
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‘Cdde 10:

Code 12:

Code 14:

Code 18:

Code 20:

each acquisition and how it was

'evaLuated by CAMS.

Uhsatisfactory - unsatisfactory ..

results for segment.

This code is to be used for any

acquisition that processed through
the system and, based on CAMS eval- -

uation procedures, designated un-
satlsfactory. '

Unsatlsfactory - no 51gn1flcant
change.u v

This code is: used when the new
acquisition is evaluated to have
no Signifigant change from the
previous unsatisfactory evalua=-
tlon for the segment

Unsatlsfactory'— rework, reeval-

‘uated segment.

This code is used when a segment
which was previously passed to
CAS is reworked.

Unsatisfactory - machine proc-

essed multitemporal analysis.

This code is used when more than
one acquisition date is used to
produce an unsatisfactory pro-

- portion estimate.

NOTE: All acquisition dates used
in processing should be
- listed on the CAMS Evalu-
_ation Form.

Marginal - marglnal results for
segment.

This code is to be used for any

acquisition that processed through

the system and, based on CAMS eval-

uation procedures, de31gnated
marglnal :
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Code 22:

Code 24:

Code 28:

Code 30:

Code 32:

Marginal - no'significénf chahge.

'\ . . » N
This code is to be used when the
new acquisition is evaluated to
have no significant change from

- the previous marginal evaluation

for the segment.

Marginal - rework, reevaluated
segment, .

This code is used when a seyment
which was prev1ously passed to
CAS is reworked. - A

i

'Marginal - machine processed

multitemporal analysis.

This code is used when more than
one acquisition date is used to
produce a marginal proportion
estlmate. . oo

All acquisition dates used
in processing should be
listed on the CAMS Eval~-
uation Form.

NOTE:

Satisfactory - satlsfactory re-
s%lts for segment.

This code is to be used for any
acquisition that processed through
the system and, based on CAMS eval-
uation procedures, de51gnated sat-
isfactory. , :

Satisfactory - no Signlficant
change.

?hls code is to be used when the
new acquisition is evaluated *to

~have no- significant change from

the previous satisfactory eval-
uation for the segment.




Code 34: satisfactory - rework, reevalu-
-~ ated segment.

This codefis used when a segment
which was previously passed to
CAS is reworked.

Code 36: Satisfactory - less than 5% man-
: ually (hand) counted.

This code is to be used for any
segment in which the proportlon
estimate is manually counted
rather than machine processed.

NOTE: This category would not
' be used if the segment was
-a rework segment. Code 34
should be used.

Segments in an agricul-
tural area that have a

0% proportion estimate
are to be designated Code
36.

‘Code 38: Satisfactory - machine processed
: ' multitemporal analysis. -

[
This code is used when more than
one acquisition date is used to
produce a satlsfactory proportlon;~w
-~ estimate.

Code 40: Segment is totally nonagricultural.

'This code is used when the segment
'is evaluated as having no agri-
culture at all, i.e., no discern-
ible field patterns.

- NOTE: Segments in an agricul-
‘ tural area that have a
0% proportion estimate
are to be designated
- Code 36, -
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5.1.1.3

5.1.1-3;1’

'YLS - The follow1ng information pertalns to the
yield astimation subsystem, -

Electronic:

A,

‘Meteorological data. (Required by CAS: Cate-
.gory 1; Implementation Responsibility: YES/
" NOAA). Current standard meteorological data

is required for usc by the CAS analysis in

~ accounting for episodal weather events in

crop aggregations and for analysis of €rop pro-
duction.

These records should include, as a minimum,
monthly average of daily maximum and minimum
temperatures and precipitation amounts for the
perlods of wheat yield records in that area.
Where available, the record may contain more :
temporal detail and other parameters. Examples
of parameters that may be avallable are average
daily maximum temperature, average daily min-
imum temperature, monthly mean rainfall, daily
ralnfall reports, snowcover, drought index,

and solar radiation.
\

~Meteorological stations from which data are
required are all those as available in each"

smallest political subdivision containing one
or more LACIE sample segments. It is antici-

" pated that up to 5000 meteorological stations *

may be involved. These records are required
1n either published volumes or on computer=-
compatlble magnetic tape.

vLocatlon of meteorologlcal stations latitude

and longitude in degrees and minutes. Yield
strata descriptors. Yield meteorological sta-
tions correlated with strata.

Once monthly NOAA will deliver to NASA—JSC—“
NOAA/YES the daily transmission plus a monthly.
summary of the WMO data received and trans-
mitted daily. This is reguired on magnetic

_tape in the formats of Appendlxea F and G of
'Vol SIII. :
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~5.1.1.3,2 Nonelectronlc

Yield coefficients (Category 1; Implementation
Responsibility: VYES). Provide yield coeffi-
cients for each strata and each truncation for
spring and winter wheat for all LACIE countries
using the current CCEA-1 yield model prior to
model operations. Provide MAP factors using
Feyerherm (KSU) yield model for natural strata
in Kansas and North Dakota in the U.S. Great
Plains and for natural strata in Tselinograd
and Kurgan oblasts in the USSR for use during
Phase III, for natural strata in all of the

" LACIE U.S. Great PRlains area for use during

Transition.

Yield values (Category 1; Implementation Re-
sponsibility: YES). Provide monthly spring
and winter wheat yield values and standard
statistics for each stratum (natural or pollt—
ical as appropriate) using both the CCEA-1

and the Feyerherm yield models for areas spec-
ified above. The standard statistics will show
the relative contribution of historic and cur=-
rent meteorological data. These data are to
be provided as defined in NOAA/NASA/USDA ICD
(LACIE C00710).

Terminal (Category 1; Implementation Responsi=-
bility: VYES for the Page Bldg. interface to

the phone lines, FSO for phone lines and ter=-
minal at JSC). A read-only terminal for persuing
the YES data base and predicted yield values '
shall be provided at JSC connected to the YES
prediction computer in Washington, D.C. and
Columbia, Md. Data rates shall be low enough

to permit use of acoustic coupler. Use shall
be 2 hours per day, 7 days per week. YES shall

- provide personnel to operate JSC terminal. YES

shall determlne where the termlnal shall be
located.

Crop calendars (Category 13 Implementation Re=--
sponsibility: YES). Crop calendars and real-
time adjustments to crop calendars by strata
provided in season approximately once per two

- weeks as deflned 1n the NOAA-NASA~USDA ICD.
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5.1.1.4

5.1.1.“.1v

[
'

B, Meteorological summary (“ategory 1; Implemep—:
tation Responsibility: YES). Tabulations,
overlay maps, and narratives will be provided
for an overall view of the prevailing meteoro-
logical conditions and annotations, whether
normal, above normal, or ‘below nermal, and to
what extent. Flags will be provided to CAS
for aggregate consideration on the amount of
stratum, zone, region, or country which has
cxperienced abnormal weather (unseasonably
high or low temperatures, precipitation,

~storms, etc.). Delivery requirements are de-
. fined in the NOAA~NASA-USDA ICD.

C. Yield strata boundaries (Category 1; Implemen-
tation Responsibility: YES). Boundaries of
yield strata in all LACIE countries drawn on

from 1:250,000 to 1:106 ONC maps as appropri-
ate. Annual with monthly corrections, if
required.

CAS.~ The folldwing information pertains to the
crop assessment subsystem.

Sample strategy:
A, Selection of sample strategy for use in Phase

I (Category 1; Implementation Responsibility:
CAS/LACIE-ASVB). See Appendix C,

B. Select sample segments (Category 1; Implemen-

tation Responsibility: CAS/LACIE-~-ASVB)..  Al-~
location of sample segments with definition
of center coordinates (latitude and longitude
- .in degrees and minutes) and number/stratum

and ID for each acreage stratum. Each seg-
ment will be identified -as spring or winter
wheat. Sample segment ID and allocation for
LACIE countries.



Country . Segments Allocated ID numbers

!

Brazil 47 001-099
Argentina ‘ 165 . 500-799
U.S. (New Sam=- ©

pling Strategy) 164 800-999
United States - 601 1000-1999
India 626 2000-2999
Canada . 283, ~ 3000-3499

" Australia . 257 4000-4499

China ' - 810 ; 5000-6499
USSR (New Sam-. o

pling Strategy) 80 6500-6999

USSR 1947 7000-9499

Pseudo substrata (Category 1; Implementation
Responsibility: CAS/LACIE-ASVB). Number of
5%6 nm rectangles per substratum minus excluded
nonagricultural areas.

Substratum ratios (Category 1; Implementation
Responsibility: CAS/LACIE-ASVB). Ratio of
true substratum area to pseudo substratum area.

Test sample strategy (Category 1; Implementa-
tion Responsibility: CAS/LACIE-ASVB). The
sample strategy will be tested prior to im- -
plementation in the AES.

Subdiﬁision“définition (Category 1; Implemen-

tation Responsibility: "CAS/LACIE-ASVB). Def~-"

inition of up to 4800 substrata, 400 strata,

;150 |zones and 50 regions with boundarles and”

ID.

Neighbor strata (Category 1; Implementation
Responsibility: CAS/LACIE-ASVB). List of
nearest neighbor strata for each area stratum
and substratum.

Historical wheat acreage (Category 2; Imple-
mentation. Responsibility: CAS/LACIE-ASVB).
Historical wheat area and total area for each
area substratum in each LACIE country for
1nclu51on in the monthly report -for comparlson.

3
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5.1.1.5

'.}

1. Historical cloud cover (Category 1; Implementa-
tion Responsibility: CAS/ASVB). Historical
cloud cover statistics of wheat growing areas

- (>2000 acres wheat) in LACIE countries. Month-
ly unconditional probabilities are needed for

each acreage stratum of the LACIE countries.

An overall assessment of the probability of
acquiring the stage 1, 2, 3, 4; 1, 2, 3; 1,
3, 4; 2, 3, 4; 2, 3, Q; etc. for each stratum
is requlred

Je. Index of sample segments (Categqry 1 Implcmen=
tation Responsibility: CAS/LACIE- ASVB). ‘Index
substrata to 400 acreage strata, index of sam-
ple segments to 4800 substrata, index of area
strata to 150 zones, index of zones to 50
regions, and index of regions to 8 countries.

ISRRS.- The following information applies to the
el A

information storage, retrieval, and reformatting
subsystem.

A. The ISRRS shall supply to CAS sample segment
classification reformatted from the results
tape generated by CAMS at 1-day intervals.
ISRRS shall also merge the daily tapes into

one master tape for delivery to CAS. The
nonelectronic requirements of section 5.0

~and 6.0 require library-type storage by the
"ISRRS. (Category 1; Implementation Responsi-
bility: ISRRS). »

B. Sample segment status matrix (Category 1;

' Implementation Responsibility: ' ISRRS.)
Sample segment status report (in tabular for-
mat) required daily. Status of 4800 sample
segments shown as date Landsat data acquired,
wheat biological stage, acquired - not clas-

,Slfled - acquired - classified sultable,'ac-
quired - classified marginal, acquired - .
classified unsuitable, acquired - backlogged,
not acquired. Computer capablllty to sort
segment status by country, region, and zone
and by classification - suitable, marginal
and unsuitable is required in Phase II and
Phase III. Sort capability is Category 2.
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5.1.1.6 SPE.-

5.1.1.7 IE.- (Category 3; Implementation Responsibility:

TIE/USDA). The type, content, format, and fre-
quency of 1nformatlon required from the LACIE
AES,

5.1.1.8 Reséarch.- (Category 1; Implementation Responsi—

bility: LACIE-RTEB). All reports concerning
the ! research specified in sectlon 10.0.

5.1.1.9 Test and‘evaluatlon. (Category 1; Implementation
Responsibility: LACIE-RTEB). LACIE test and
evaluation reports as they are available. These
reports contain the results of the efforts in
the LACIE test and evaluation of intensive test
sites, ASCS test sites, etc.

5.1.2 " Interim Systems

Not applicable.
5.2 ‘ ACCURACY ASSESSMENT

Inputs required by the CAS for the system accuracy
assessment from the other LACIE functional elements
are defined in the following subparagraphs.

5.2.1 Full-Up System
5.2.,1.1 DAPTS.~ The follow1ng 1nformatlon applies to the
: DAPTS.

A. Landsat data requirements

1. Landsat MSS calibration documentation
(Category 1: Implementation Responsi-
bility: DAPTS). Documentation is re-
quired on the GSFC calibration procedures
for LACIE data; in particular, the pro-
cedure for replacement of data due to
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out-of—syné conditions and the relation-
ship of the radiometric error versus the
signal strength of spectral energy level

2. Landsat MSS registration documentation
(Category 1: TImplementation Responsi-
bility: DAPRTS). Documentation is re-
quired on the GSFC registration procedures
for LACIE; in particular, the definitive
procedures used in both the automatic and
manual modes, the error analysis study
supporting the registration accuracy re-
‘quirements and a further definition of the
‘origin of the header record information
pertalnlnﬂ to reglstrdtlon.

3. Reglstrahlnn accuracy report (Category 1;
Implementation Responsibility: DAPTS).
The DAPTS is reguired to determine the
GSFC registration accuracy on a periodic
basis for a number of the LACIE segments
needed to make a valid sfatistical infer-
ence of the registration accuracy. A
semiannual report is required which pre-
sents the results of the registration
accuracy analysis.

B. Field data requirements

1. Ground truth (Required by CAS; Category 1;
Implementation Responsibility: DAPTS/
SEAD-FSO/USDA) .

DAPTS will provide the follow;ng dates for- each
LACIE Intensive Test Site. ,
A. One copy of a 1:24,000 scale rectified BE&W
- photomosaic of each ITS. The photomosaic is
to be made from high altitude aerial photog-

raphy acquired once per year, just before
wheat harvest.

" B. One copy of a 1:24,000 scale transparent over-
’ - lay registered to the photomosaic of (a) above
and delineating the boundaries of each field
in the test site. Each field will be numbered
“and a tabular llstlng provided containing the

following data:
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1. Field number.

2. Field acreage.

3.' Crop and variety being grown.

[ ‘Is field irrigated? If so, how?
5. Is field fertilized? If so, how?

6. Planting date.

These data are to be acquired once per crop year,
after spring planting and before wheat harvest.

C.

One copy of a 1:24,000 scale field boundary
map registered to the photomosaic of A above
and delineating the boundaries of only those
fields containing fall-planted crops in each
Intensive Test Site in Texas, Kansas, Indiana,
and Washington. Each field will be numbered
and a tabular listing provided containing the
information of item B above. These data are
to be acquired once per crop year, after fall
planting and before the beginning of dormancy.

One copy of periodic observation data ac-—
guired at 18~-day intervals from approximately
50 fields in each Intensive Test Site. Fields
selected for observations must contain both
wheat and other crops grown in the area.
Fields selected must be 40 acres or larger in
size. Adjacent fields planted in the same
crop and divided by fences or farm roads may
be grouped to obtain a 40 acre or larger area,
if necessary. Data are required from the end
of dormancy for fall planted crops or spring
crop plantings until harvest. Data are to be
acquired concurrent with Landsat-2 overpasses.
The following data are required in tabular form:

1. Growth stage
2., Percent ground cover
3. Plant height |

b,  Surface moisture
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5-2.1;2

c.

D.

5. Weed growth

6.; Field operations
{,érowth/yield dctracthhts ; ‘

8. Stand quality rating:

9. Vertical color photos

N 1
10. Observation date

11. General comments onﬂfield and test site

conditions

Historical agricultural data requirements.
-Same. as 5.1.1.1 C.

Real-time meteorological data requlrements.
'Not appllcable.

H15tor1cal meteorologlcal data requlrements.
"Not appllcable. :

CAMS - classification summary report.- The follow-

ing items are required from the CAMS summary
report:

A

AI misidentification errors (Category 3; Im-
plementation Responsibility: CAMS). An es-
timate of the misidentification errors due to
AI, per training segment and stratum.

Cluster prodedure.identification (Catégory 1;
Implementation Responsibility: CAMS)., Docu-

- mentation of whether clustering was used or

not for each segment processed. Total classes -

- available and the number of subclasses obtained
~from clustering and/or used in the classifica-

-tion for each class will be recorded.

Signature extension parameters (Category 1;
Implementation Responsibility: CAMS). Spec-

o ~ify-the distance, direction, time=phase (if

. different), and the Sun angle and mean level .

_correctlons (if applled) for the segment to
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which signaturc extension was carricd out.
Also, specify the segment ID numbers to which,
and from whlnh, the signature extcnsion was
dOl’le . R

Classification paramcters

1. The number of channels employed in cach
classifwration; specifically the bands
for ecach temporal period selected. (Cat-
egory 1; Implementation Responsibility:
CAMS) . T

2. The a priori probabilities used in bach
classification, if uncqual. (Category
1; Implementation Responsibility: CAMS).

3. Classification accuracies for the training !
fields data sets for all segments for
which AI data is obtained. (Category 2;
Implementation Rebpon51blllty CAMS) .

4, Interclass and intraclass Bhattacharrya
distance associated with the features
for each segment processed. (Category
1; Implementation Responsibility: CAMS).

5. Classification bias for each sample seg-
ment. (Commission-omission error). (Cat-
egory 1; Implementation Responsibility:
CAMS) .

6. Classification results for each intensive
study site and the AI fields for the site.
Also, the identification (in terms of
coordlnates) of each AI field. (Category
1; Implementation Responsibility: CAMS).

5.2.1.3 YES.- The following information is appllcable
: : vto YES.

A.

‘Yield accuracy (Category 1; Implementation

Responsibility: YES). The YES will provide

~yleld estimates for each yield strata, asso-

ciated yield contribution of each coefficient,
prediction error for each strata estimate of
yield, and the WMO number of each weather sta-

~ tion used for each yield stratum and the
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relative weight given to the weather from each
weather ‘station in making the yield estimate
for that stratum., These data will be provided
monthly for LACIE areas specified using yield
models specified for those areas.

B. Interstrata correlation (Category 1; Implemen-
tation Responsibility: YES).  Provides an
estimate of the 1nterstrata yield correlation
statistics. - »

i
i
;
¥
H
i
¥
i
i
4
2
5
4
2
;

5.2.1.4 CAS.- The following infdrmatibn-pertainswpo CAS.,

A, Aggregation parameters (Category 1; Implemen-
tation Responsibility: CAS/LACIE- ASVB) The %
CAS will provide for each: stratum, region,
zone, or country, aggregated the following i
1nformat10n. o 3

1. fNumber'of sample_segments“expeeted and i
Lused.per stratum/sqbstratum. ‘

2. Number of passes and which bielogical
’ phases were used for each sample segment.

3. Historical data wheat area estimates for
each stratum, region, 2zone, and country,
and the accuracy of these estimates.

4, Crop inventory estimates (area yield and
.-production) in percentage of pixels by
~ sample segment, stratum, region, zone
and/or country. ' :

5. Estimate of the variance in the wheat
. area estimates for:. each stratum, region,
zone, etc. :

6. The relationship obtained by comparing
an estimate with a correspondlng histor-
| 1ca1 estimate. :
B. Classification and AI training-field accura-
' cies compared on a pixel-by-pixel basis for
all intensive study site areas within a 5x6
mile segment as compared to ground truth
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5.2.1.6

5.2.1.7

5.2.1.8

5.2.1.9
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dataﬁﬁapes; (Category 1; Implcmentation
Responsibility: CAS/VL.ACIE-ASVB).

|

trieval and provide to CAS on a demand basis the
input physical data requirements identified in
seFtlon 5.2. -

1
SPE. - None identified.,

IL - LACIE Information Evaluation Reports.- (Catc-
gory 3; Implementation Responsibilities: IE).

The information evaluation will provide the CAS
with LACIE output evaluation 30 days after re-
ceipt of the LACIE reports. In addition, any IR
accuracy assessment requlrements shall be iden--
tified to the CAS.

Research.- Research efforts are required for a
quantitative assessment of each technique to be
developed and implemented in the LACIE system.
Listed in section 10.2 are areas in which inves-
tigations are required for the assessment of
LACIE full-up system,

Test and evaluation.- The following information
pertains to test and evaluation.

A, Testing documentation (Category 1; Implemen-
tation Responsibility: LACIE-RTEEB). The
results of all subsystem testing will be

- documented and provided to CAS. Any interim
~results should be provided as available.

B. Error Model Evaluation (Category 1; Implemen-

- tation Respon51b111ty LACIE-RTEEB). Test
‘and evaluation of all error models developed
and/or utlllzed by the CAS.

5=-22

ISRRS.~ (Category 2; Implementation Responsibility:'
"ISRRS). The ISRRS will provide storage and re-




5.2.2

C. CITARS results (Category 1; Implementation
Responsibility: LACIE-RTE&FB). The results
of the CITARS segment analysis, and the re-
sults of analysis of variance, shall be
supplied to CAS-AA.

Interim System

Not applicable.
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SECTION 6.0

QUTPUT PRODUCTS

Oﬁtputs from CAS which will be provided to the.

other LACIE functional elements are defined in

the following subparagraphs.

“CROP '‘ASSESSMENT

Full-Up System- -

DAPTS.~ The follow1ng 1nformat10n applles to
DAPTS.

A.

List of sample segment numbers and coordinates
(Computer Card Coding Sheets). (Required by:
DAPTS; Category 1; Implementation Responsi-
bility: CAS/LACIE-ASVB). Implement the LACIE .
sampling strategy and select and provide to
DAPTS the geographic center coordinates (lat-
itude and longitude) of 4800 numbered sample
segments. The coordinates will be specified

in degrees and minutes (to the nearest minute)
of latitude and longitude. Selected sites

will have been judged against all system con-
straints (see section #4.1.1) and found accept-
able. The data will be supplied: to DAPTS
through entry on computer card coding forms,

in the format specified in the JSC. card format
documentation.

GSFC data order (computer card coding sheets).

(Required by: DAPTS; Category 1; Implementa-
tion Responsibility: CAS/LACIE-ASVB). The
CAS will prepare computer coding sheets con- .
taining all sample segment data needed to
activate the GSFC acquisition and preprocessing
of ERTS data. These coding sheets will be pre-
pared in the format spec1f1ed by the JSC card

-format documentation and will contain such

information as the segment number, location,

"training site designation, definition of bio-

logical windows, and color code information
6-1
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for the PFC. Inputs will be obtained from CAMS,
YES, and other subsystems as appropriate. Com-
eted forms will be provided to DAPTS. o

CAMS. - The following information is rcquired by

CAMS.

A,

D.

Sample segment location ( Required hy: CAMS;
Category 1; Implementation Responsibility:
CAMS/LACIE-ASVB). Sample segment center co-
ordinates - latitude and longitude in degrees
an¢ minutes. The nominal location of all
sample segments shall be indicated on trans-
pament overlays (three coples) suitable for
reglstratlon upon USAF ONC's (Operational
Nawlgutlonal Charts) or Landsat uncontrolled
mosaics. These overlays shall indicate the
achieved Landsat-2 ground tracks, LACIE frame
numbers, and LACIE overlap zones.

Sample segment histograms (Required by: CAMS;
Category 1; Implementation Responsibility:
CAS/LACIE-ASVB). Histograms indicating the
distribution of number of sample segments per
unit area for spring and winter wheat regions
of each country.

-~ Landsat acquisition rates (Required by CAMS;

category 1; Implementation Responsibility:
CAS/LACIE~ASVB). Sample segment Landsat data
acquisition rates for spring and winter wheat
in' segments per month by country. . The indi-
vidual segment numbers for each predicted ac-
quisition date during the wheat phenological
development stage.

Elagged area output (Required by CAMS; Cate-
gory 1; Implementation Responsibility: CAS/
LACIE~-ASVB). Sample segment classification
that results in more than 20 percent change
in the previous biophase percentage wheat
area will be returned to CAMS for classifi-
cation verification.
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6.1.1.3

6.1.1.4

- YES,.

YES.

- The following information is requlred by

~Yield prediction and Production estimation

feedback (Required by: YES; Category 1;
Implementation Responsibility: CAS/LACIF-

ASVB). The CAS will provide to YES flagged

outputs concerning yield and/or production
estimation that varies t15 percent from the

- historical mean, or departing significantly

B,

C.

CAas.
CAS.

A,

from surrounding strata.

Deflnltlon of strata for yield prediction
(Requlred by: YES; Category 1; Implementa-
tion Respon51bility. CAS/LACIE-ASVB) The
CAS will provide a definition of the strata
for which yield forecasts must be supplled
to CAS.

Accuracy assessment (Required by: YES;
Category 1; Implementation Responsibility:

CAS LACIE- ASVB) Provide accuracy assessment
plans and procedures that specify those tasks
for which YES is responsible.

- -The following information is required by-

Area, yield, and production reports (Required
by " CAS; Category 1; Implementation Responsi-
bility: CAS/LACIE-ASVB). Area, yield, and

- production estimates with standard statistics

for spring and winter wheat for each stratum,
zone, region, and country in the LACIE. The
date, and report numbers are on each estimate.
Stratum production will be stratum acreage
times stratum yield. The units of the stand-
ard reports for wheat area, yield, and pro-
duction will be hectares quintals/hectare,
and thousand metric tons, respectively. Ad-
ditional reports for the U.S. and Canada will
be prepared in acres, bushels/acre, and thou-
sand bushels. The area reports at each level

~ will contain the number of each biostage used

to prepare the report. The lowest level re-

port will contain the date of the acquisition

of each segment (s) used to prepare the report

6=3




aAd.whether it is training or recognition,
and multitemporal or not. Room for 7 bio-
stages of classification results must be pro-
vided for and each report must list the years
of historical data in the data base. Sée Ap-
pendix A for details of the reports. These
reports are considered speculative information.
|

Sémple segment report (Required by: CAS;
Category 1; Implementation Responsibility:
CAS/LACIE—ASVB) Number and ID of aggregatable

'sqmple segments determined to be satisfactory,

marginal, or unsatisfactory (by CAMS using
the evaluation codes described in Section
5.1.1.2.1B) and percentage of sample segment
pixels classified as wheat, other, unidenti-
fiable, and threshold; estimated error, bio-
phases, and acquisition date for each area
substratum allocated for area aggregatlon are
reported weekly.

_Satisfactory segmeht'area‘estimate for each

substratum (Required by: CAS; Category 1;
Implementation Responsibility: CAS/LACIE-
ASVB) . Spring and winter wheat area estimate,
standard deviation, and percentage of mean
based on 15 years for each stratum using
satisfactory segments. Satisfactory segments
are segments whose evaluation codes (5.1,1.2.1B)
are between 30 39 ,

'Satlsfactory plus marginal area estlmate for

each substratum (Required by: CAS; Category 1;
Implementation Responsibility: CAS/LACIEfASVB)1
Spring and winter wheat area estimate, standard
deviation, and percentage of mean based on 15
years for each stratum using satisfactory plus -

marginal segments. Marginal segments are those

- segments whose evaluation codes (5.1.1.2:.1B)
are between 20-29, . Gl

v \

ﬁ Lo _
Nearest neighbors area estimate for each sub-
stratum (Required by: CAS; Category 2; Im-
plementatlon Responsibility: CAS/LACIE~ASVB).
Spring and winter wheat area estimate, standard
deviation, and percentage of mean based on 15

- years for each substratum u31ng nearest nelgh-'
bors substratum._
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Manual selection area estimate (Required by: '

CAS; Category 1; Implementation Responsibility:
CAS/LACIE-ASVB). -Spring and winter wheat area
estimate, standard deviation, and percentage
of mean based on 15-years for each stratum
using manual selection of suitable segments.

Manually deleted sample segments (Required
by: CAS; Category 1; Implementation. Respon-
sibility: CAS/LACIE-ASVB). 1ID's of sample

 segments manually deleted from area estima-

tion and ID's of neighboring strata used for
area estimation,

PPS area strata (Required by: CAS; Category
1; Implementation Responsibility: CAS/LACIE-
ASVB) . Numbers and ID's of selected and non-
selected PPS area strata for spring-and w1nter
wheat in 150 zones.

PPS strata area estimates (Required by: CAS;
Category 1; Implementation Responsibility:
CAS/LACIE-ASVB). ' Spring and winter wheat
estimated area, standard deviation, and per-
centage of mean based on 15 years for each
strata based on PPS. substrata.

Region and country area estimates (Required

by: CAS; Category 1; Implementation Respon-
- sibility: CAS/LACIE-ASVB).  Spring and winter

wheat estimated area, standard deviation, and
percentage of mean based on 15 years for each
area region and country.

Yield estimates (Required by: CAS; Category

1; Implementation Responsibility: CAS/LACIE-.

| ~ASVB) . Spring and winter wheat yield, yield

- variance, and percentage of mean yield based

on 15 years for each area stratum, zone,
region, and country in LACIE, with yield re-
port date and number. Speculative data.

Spring and winter wheat production (Required
by: CAS; Category 1; Implementation Respon-
sibility: CAS/LACIE-ASVB). Spring and winter
wheat production, production variance, and
percentage of mean production based on 15
years for each area stratum, zone, region,

and country in LACIE. Speculative data.
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6.1.1.5

6.141.6

6'1.1.7

6.1.1.8

6,.1.‘1.9

M. Total wheat production (Required by: CAS)
Category 1; Implementation Responsibility:
CAS/LACIE~ASVB). Total of spring and winter
wheat production, standard deviation, per~-
centage of mean production based on 15 yaars
for each area stratum, zone, region, and
country in LACIE. Speculative data.

N. Sampling strategy documentation (Required by:
CAS; Category 1; Implementation Responsibility:

CAS/LACIE~ASVB). Documentation on the sampling

strategies used for each country and the esti=-
--mated sampling error for each strategy as a
function of the input data.

ISRRS.- Not applicable.

SPE.- (Required by: SPE; Category 2; Implementation

Responsibility: CAS/LACIE-ASVB responsible for
reporting and GDSD for software .to track computer
usage times). Monitor and record TBD throughput
and resource information of CAS operations for a
TBD period of time on an as-requested basis.

IE.- (Required by: 1IE; Category 1; Implementation
Responsibility: CAS/LACIE-ASVB). The CAS will
submit CAS Monthly Crop Reports (CMR), CAS Un-
scheduled Reports (CUR), and CAS Annual Reports
(CAR) to IE, Washington, DC. The contents, for- -
mat and schedule of these reports will be in
accordance with Section 4,0 of the Crop ABSessment
SBubsystem/Information Evaluation (CAS/IE) Inter-

- face Control Document (LACIE-C00709).

Research.~ (Required by Research; Category 2; Im-
plementation Responsibility: CAS/LACIE-ASVB),
Computation of cloud cover over intensive test
sites. .

Test and evaluation.- Not applicable.




6.2.1.2

6.2.1.3

Interim System

Not applicable.
ACCURACY ASSESSMENT

Outputs from CAS accuracy asscssment to be pro-
vided to the LACIE functional elements arc de-
fined in the following subparagraphs.

Full-Up System

Accuracy estimates,- (Required by: IE; Category 2;
Implementation Responsibility: CAS/LACIE-ASVB).
The accuracy assessment outputs will be included
as part of the standard CAS outputs as required

by the IE. The information to be included will

be an estimate of the accuracy and reliability

of the LACIE output.

Discrepancy evaluation.~- (Required by: IE; Category
2; Implementation Responsibility: CAS/LACIE-ASVB).
The CAS will investigate any discrepancies docu-
mented in the periodic USDA evaluation. If the
source of the discrepancy is determined to be

within the AES, the CAS will analyze and report

the causes and make recommendations to the AES

and quality assurance managers.

System testing.— (Required by: CAS; Category 4;
Implementation Responsibility: - DAPTS/CAMS/YES/CAS
and ISRRS). A set of TBD test data will be supplied
to DAPTS, CAMS,; YES, CAS, and ISRRS,

Interim Systems

Not applicable.
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SECTION 7.0

INTERFACE REQUIREMENTS

t v SERFTCC
The interface requirements of CAS will be identi-
fied as the LACIE subsystem requirements docu-
ments are baselined. 1Interface control documents
will be gencrated 90 days after baseclining thoe
requirements, The current ICD requirements iden-
tified are CAS-IE/USDA -~ output reports and feed-
back from USDA, '
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SECTION 8.0

OPERATIONAL REQUIREMENTS AFFECTING THE DESIGN
8.1 CROP ASSESSMENT

8.1.1 Throughput>Requirements (Req'd by: CAS; Cat. 1;
Impl., Resp.: CAS/LACIE-~-ASVB)

There are 4800 sample segments classified four
times per wheat growing season. Sample segment
throughput requirements per country are TBD.
Calculate the area, average yield, and production
for 4800 substrata, 400 strata, 150 zones, 50
regions, and 8 countries once each month.

8.1.2 . Response Requirements (Reqg'd by: CAS; Cat. 1;
‘ Impl. Resp.: CAS/LACIE-ASVB)

Production of area, yield, and production reports
monthly for at least eight countries requires
interactive automatic data processing and computer
accessible storage and retrieval of sample segment
classification information. The outputs of area,
yield and productlon data by stratum, zone, region,
and country require approximately 1800 reports per
month. See Appendix A for reports. It is esti-
mated that this activity will require 8 hrs/day
for 3 weeks and 16 hrs/day for 1 week each month.

8.1.3 Reliability Requirements (Reg'd by: CAS; Cat. 1;
Impl. Resp.: CAS) »

8.1.3.1 Data base.- The data base should be periodically
recorded on magnetic tape for rapid data base re-
covery to prevent extensive data loss regquiring
more than 2 hours to reconstruct.

8.1.4 ~ Security Requirements (Reqg'd by USDA; Cat. 1; -
Imple. Resp.: CAS/LACIE-ASVB) '

A LACIE Security Plan shall be prepared by each
organization designated with implementation
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8.1.

8.1.7
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responsibility. The plan for each implementing =
organization shall define the specific measures
that will be utilized by that organization to
comply with the LACIE security requirements. The
LACIE security requirements shall be defined by
the USDA and will be forwarded to the implement-
ing organizations upon receipt by the LACIE Proj-
ect Manager. Each implementing organization B
shall submit their plan for approval to the LACIE
Level III Change Board within 90 days after their
recelpt of the USDA requlrements. L

{

"Delivery Requirements (Req'd by: CAS; Catgwﬂ;§’
Impl. Resp.: CAS/LACIE-ASVB) e

The monthly'crop assessment reports are transferred
to USDA, Washington, D. C., by registered mail each
month,

Quality Assurance Requirements (Reg'd by: LACIE-
PO; Cat. 1; Impl. Resp.: CAS/LACIE-ASVB) ‘

A LACIE Quality Assurance Plan is being prepared,
as well as a separate Quality Assurance Procedures
document. These documents are being prepared under
the direction of the Quality Assurance Manager.

Other Operational Requirements

- ‘None.

~ ACCURACY ASSESSMENT

Thrdughpui: Requirements (Reg'd by: CAS; Cat.1;

‘Impl. Resp.: ISRRS)

The thrdughput;reQuirements of the accuracy asseséQ
-~ ment are dependent upon the throughput requirements
~of other LACIE functional components. That is, as '

the number of segments processed per day or per
week increases, the amount of data processing re-
quired will correlatively increase, and vice versa.’
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8.2.2

8.2.5

Response Requiremen (Req'd by: CAS; Cat. 1;
mpl. Resp.: RS

The CAS will require one-~day turnaround on error
model runs. The CA% will also require one-day -
response for data retrieval from the ISRRS.

Reliability Requirements (Req'd by: CAS; Cat 2;
Impl. Resp.: ISRRS) :

The reliability requirements (up time), of the
LACIE system, for the CAS»must match those re-
quired by the CAMS.

Security Requirements (Req'd by: CAS; Cat. 1;
Impl. Resp.: IE)

The CAS security requirements are defined in the
1IE/CAS ICD.

Delivery Requireménts

The TBD délivery requirements of and for CAS data
is dependent upon the security requlrements of
the data being delivered.

Quality Assurance Requirements

A LACIE Quality Assurance Plan is being prepared,
as well as a separate Quality Assurance Procedures
document. These documents are being prepared under
the direction of the Quality Assurance Manager.

o
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SECTION 9.0 f'

VERIFICATIONJREQUIREMENTS

CROP ASSESSMENT (Req'd by: CAS; Cat. 2; Impl.
Resp.: CAS/LACIE-ASVB) .

The CAS shall prepare the subsystem portion of

the LACIE Verification Plan and submit it for
Level III approval 90 days after the Level IV
Requlrements Documents are baselined. The plan
shall provide a complete definition of the veri-
fication functions required to verify the opera-
tion of the CAS portion of the LACIE system. Each
portlon of the software package shall be verified
prior to integration into the operational system.

ACCURACY ASSESSMENT

Each organization designated with implementation
responsibility shall prepare a LACIE Verification
Plan, including a complete definition of the veri-
»flcatlon functions proposed for verification of
the portion of LACIE. for which they are respon-
sible. Each organization shall submit their plan
for approval to the LACIE Level III change board
within 90 days after the requirements documents
are baselined. As a minimum, the verification
plan shall include the follow1ng related to the
CAS subsystem: ; ,

A. #Program verification. (Required by: CAS;

- Category 1; Implementation Responsibility:
'DSAD). DSAD will provide to CAS current
source listings and flow diagrams of all
programs implemented for LACIE. -

B. System testing. (Required by: CAS; Category
2; Implementation . Responsibility: DAPTS/CAMS/
YES/CAS/ISRRS). The CAS will provide a set
of test data to each of the following sub=
systems: DAPTS, CAMS, YES, CAS, and ISRRS.

- Each of these subsystems will use their stand-
ard operatlng procedure to 1nput thlS test
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data into the LACIE systems. All accuracy
assessment routines and procedures will then
be exercised and their output results veri-
fied. The test results will be supplied to
the Quality Assurance Manager.
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10.1

10.1.1

10.1.2

10.1.2.1

i

SECTION 10.0

RIISEARCH REQUIREMENTS

CROP ASSESSMENT | |
(Reg'd by: CAS; Cat. 2; Impl. Resp.: Research)

The Crop Assessment Subsystem required the follow-
ing research to be conducted.

Pre<Phase I

Prior to Phase .I, the research effort will be re-
quired to provide a plan (including schedules)

to CAS for the conduct of research into improve-
ments of sampling strategies and identification
of software and hardware necessary for the im-
plementation of these techniques.

Desirable ApgrqaChés

- Approaches- that may be considered (but not nec-
essarily limited to) are:

Sampling.-~ (Required by: CAS; Category 1; Imple-
mentation Responsibility: LCIE-RTEB).

A. Develop a standard sampling strategy for all
LACIE countries, taking into account the
unique characteristic of each country. Sam-
pling strategles requlred by beginning of
Phase IC.

B. Develop variable sampling techniques for area
estimation. A study is to be made of the
feasibility of using photointerpretation
data for the purpose of allocating sample
segments.

._é;. Define improvement of sampling strategy pro-.
~ duced by full-frame registered data as follows:




1. Develop a model for the variance of an
acreage estimate based on optimal alloca-
tions of samples without regard to present
restricting (i.e., 5x6 mi size and "Landsat
constraints"). Such a model should include

not only a sampling varlance, but also a
extension errors., Some provision for
training areas should also be made (Cate-

gory 2).

2. Attempt to quantify thé above by obtaining
estimates of variances from work done by
CAMS on the intensive sites, as well as
‘historical data for the last ten years of
wheat areas by county over the intensive
test site areas (Category 2).

D. Evaluate reduction in sampllng error due to
"cluster sampling"; provide means to balance
increased sample error versus reduced clas-
sification error when classification error
dependence upon 51gnature extension is known,”
perform such balancing (Category 2).

E. Determlne the effects on the sample strategy
due to the increased overlap in the Landsat
coverage at high latitudes and provide a
technique of correcting for any bias that
results from the increased overlap. For ex=-
ample, the overlap at 29° N is 7.3 percent
and at 50° N, it is 44.6 percent. This in-
creases the probability of obtaining cloud
free acquisition of sample segments at the

~ higher latitudes that could blas the sampling
strategy (Category 1).

10.1.2,2 Aggregation.— (Required by: CAS; Category 1;
: ‘ Implementation Responsibility: LACIE-RTEB).

" A. Develop a standard aggregation scheme for
all LACIE countries (based on task 10.1.2.2
above)

B. Devise an aggregation scheme whlch preferen-/
tially 1ncorporates sample segments of higher
~confidence in wheat area estimates. The wheat
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area estimate for a given substratum (i.e,
county) will, in general, be a weighted aver-
age of the historical (ratio) and the current
(Landsat) estimates. If all segments in a. -
county are lost due to clouds, then the
weights would be 0 for "Landsat" and 1 for
"ratio". Conversely, if all data is good L
the weights might be, 0 for "ratio" and 1-
for "Landsat" where . is to be determined
(possibly zero). If some data is available

- but not all, an optimal system of ‘weight

.determlnatlon must be developed

C. Determine a model for the 1nclu51oh“of cloud
cover in the sampling area. .Cloud cover sta=-
tistics will be combined w1th the aggregation
scheme defined above to provide estimates of
sampling errors 1ntroduced by cloud cover
“data loss. :

Harvested Wheat.- (Required byi"CAéi Categorylzf

 Implementation Responsibility: TACIE-RTEB). De-
velop a technique for estimating the harvested

wheat area from a combination of the percent
harvested wheat on a given date from Landsat
data with the harvest start and stop dates.

ACCURACY ASSESSMENT (Req'd by: CAS; Cat. 3;
Impl. Resp.: LACIE-RTEB) A

Investigation in the following general areas is
required to study the error propagation in’the
LACIE system and to support the error analysis.

efforts.

A. Effect of AI misidentification‘of training

fields on the c1assification*performance.

B. Estimation of varlablllty in the area estimate

due to AI selection procedure for tralnlng
flelds.;

C. Effect of signature extension on classification
accuracy when signature extension is considered
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as a function of distance, direction, time-
phase and properties of analogous areas.

D. Relationship between tLhe number of classes/
subclasses considered, the number of channels
used and the number oi samples employed in
regard to classification accuracy and the
area estimation.

"« Effect of data quality as a function of mis-
registration, cloud cover and haze, data drop-
out, on the classification’ performance.

Fa leferent area estimation techniques for the
bias and the mean square crror of a crop pro-*‘
portlon estimate.

G. Methods for obtaining crop inventory estimétes;
- when part of the data is missing due to cloud~
cover and haze, data dropouts, etc. :

H. Development of an error model that accounts

for different types of errors likely to arise
in the operation of LACIE system.

Error Model (Reqg'd by: CAS} Cat. 1; Impl. Resp.:

LACIE-RTEB)

The following interim error budget has been de-
fined to replace the existing 7-7-2 budget (7
percent area, 7 percent yield, 2 percent sampling)
at a national level, with a best estimate of an
error budget which will permit a 90/90 criteria
for production, at harvest on a National Level.
When the TRW developed error model becomes avail-
able this interim error budget will be updated:

In order for the production estimate from IACIE

to be 90 percent accurate - 90 percent of the
time a coefficient of variation of the productlon
estimate CV (P) of 6 percent or less is per-
missible provided the estimate is unbiased. Wheat
production estimate (P) is obtained from the

- product of the wheat area estimate (A) and yield -

estimate (YY), and A and Y are independent,

--then:
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cv(P) = ((cv(A) cv(v))? + cv(a)? + CV(Y)Z)

If the allowable error 1s equally sharcd by area
and yield, then: .

CV(A) = CVv(Y) =V = =
Letting CV(P) < .06 then:

vt r 2v2 = L0036

I

Sb, the allowed errors for area and yield
Cv(A) =V < .0424 now if sampling error,
CV(SE) is arbitrarily assigned to be 2 percent,
then: B

cv(a) = (CV(SE)2'+ CV(CAMS)Z)

So, the initial LACIE error bﬁdget is:

Cv (CAMS) < 3.74 percent !
‘CV (SE) < 2 percent B
CV(Y) < U4.26 percent

|
i
I

If a bias in the production estimate is occurring,
the errors in the estimate of yield and area which
are allowed would have to be reduced. For example,
for a bias of 2 percent in the productlon estlmate,
the CV(P) = 5,4 percent and ; :

CV(CAMS) < 3.25 percent
CV(SE) < 2 percent
CV(Y) < 3.82 percent

cv(ss)2

The cv(cams)? = V{58

overall CAMS CV

'CV on a sample basis for CAMS
number. of sample segments
acqulred , o

where CV (CAMS)
CV (SS)
n .

Thus for n = 200
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CV(SS) = 37.4 percent

These error allocations will be revised in
January 1976 and August 1976, using the accuracy
assessment and error model results.
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SECTION 11.0

TEST AND EVALUATION REQUIREMENTS

' CROP ASSESSMENT

(Req'd by: CAS; Cat. 2; Impl. Resp.: LACIE-RTEB)

P

The Crop Assessment SubsYStém fequircs the follow-

. ing test and evaluation to be conducted:

A. Prlor to Phase IC of ‘the prOJect the Test and
Evaluation will be required to plan and imple-
ment test and evaluation of the procedures for
calculating acreage and sensitivity of-the
Sampling Strategy.

B. quor to Phase II of the project, the Test
and Evaluation will be required to plan and
implement test and evaluation of the procedures
for calculating production and sen51t1v1ty of
the Sampling Strategy.

‘ ACCURACY ASSESSMENT (Req'd by: CAS; Cat. as
~indicated; Impl. Resp.: LACIE-RTEB)

The Test and Evaluation is required to evaluate
the significance of each major source of error
and their interrelationships with respect to the
classification performance and the area estima=-

~tion. The following evaluatlons are required to

be carried out:
A. Significance of error sources

1. Evaluate the effect of misregistration on
' the AT and classification performances
(Category 2).

- 2., Evaluate the effect on classification
accuracy due to signature extension when
considered as a function of distance,
direction, .time~phase and properties of
analogous areas (Category 2).
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ﬁvaluate the significance of AI selection '
for the training fields and the number of
these fields on the area estimation and
the classification accuracy (Category 2).

Evaluate the effect of AI misidentifica-
tion of fields on the classification

' performance (Category 2).

Ih'valuate the effect of classification
performance on the area estimation, con-
sidering the classification performance
as a function of each of the following
factors (Category 2):

a. number of classes/subclasses

b. ngmber of features

c. . number of samples

d.  threshold limits

e. a priori probabilities

f. clustering algorithms used or not used

Evaluate the sampling scheme for the sam=-
pling properties of the area estimate
(Category 2).

Interrelationship between different types of

pérformances. Evaluate the following rela-
tionships with respect to the classification
performance and the area estimation:

1

¥

The relationship between the number of
features used and the number of classes/
subclasses considered (Category 2).

The relationship between the number of
features used and the number of samples
employed (Category 2).

The relationship between a signature

extension factor and a classification
technique factor. These factor types

11-2 T i



are listed in 11.2 A.2 and 11.2 A.5
(Category 3).

4, The relationship between the AI per-
formance and the ADP analyst performance
(Category 3).

Test and evaluate. Test and Evaluation are
required to assess all oerror models developerd
and/or utilized by the CAS to assess per-
formance of the LACIE system (Category 1).
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APPENDIX A

SAMPLE SEGMENT ALLOCATION PROCEDURE FOR U.S.A.

RATIONALE AND PROCEDURE FOR SAMPLE SEGMENT

ALLOCATION AND LOCATION FOR THE U.S.A.

SAMPLLE SEGMENT ALLOCATION

All of the following calculations were made
using the USDA wheat uacrecage data for the year
of 1969.

A,

Calculate the proportion of wheat acres for
each county:

Pk = Acres bfiwheat in kth county/total
acres in k™ county, P, = Aw, /At

Calculate the standard deviation of the pro-
portion of wheat for each county:

oy =P (1-B,)

Calculate the threshold value based on the
total acres and standard deviation for each
county:

t*

i
g
t
X
o



F.

ﬁculate the sum of all the threshold
va ‘ues for the country

=z

k= v Lk
t | Lt x

~

where N is the total number of counties
in the country

Based on 638 sample segments for the U.S.A.

{(n), <calculate the proportional number of
sample segments alloted to each county:

, 1 ,
t* t* x 638

638 t* t*

<:>= unrounded calculation

Repeat steps U4 and 5 for each Crop Reporting

" District (CRD) in the country:
; L
F.1 t*, = 5 t*
I k=1 K
where L is the number of counties in the
5t cro.
©t*, x 638
: = )
e @
®= unrounded calculation
nj = rounded integer'velue giving the number
of segments to be allocated to the jfh CRD

in the U.S.A.

‘1Cifcle indicates unrounded calculations.
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Stratified Sample Segment.- All counties
that have an > 0.500 will have at least

one sample segment; the actual number of
segments is the rounded valuc of <:> or n.
No Sample Scegments,- ALl counties that have
an (n)) < 0.100 will receive no sample

segments.
Probability Proportional to Size (PPS) Sam-

le Segmenti-'All _counties that have an
< 0.500 ;and > 0.100 will have a

probablllty of having a samplo segment that
is proportional to the magnitude (numerical
size) of their with respect to the

value of nj of the CRD in which the county

is. ‘Exampleﬁ

nj for CRD = 5

This means that the CRD will have five sam-
ple segments.

County gggé Result
1 0.08 no sample
2 " 1.63 - two samples (stratified)
3 ‘1.10 one sample (stratlfled)
4 0.30 - PPS :

5 0.40 PPS | . two samples

6 0.40 PPS are available
7 0.33 PPS ‘

Normalize, in a linear distance, the Qﬁg 7
for counties 4, 5, 6, and 7 to-a total of"
two for two samples:

County - 4 = 0.0000 0.4196
County - 5 = 0.4197  0.9790
County - 6 = 0.9791 1.5385
County ~ 7 = 1.5386 2.000




AP IMIAS 4 oAb At 1o

Select a random number between zero and
one - 0.3715; this falls in the region of

- county -~ 4, therefore, it receives a sample
- segment. To determine the second sample

segment county, add one to the random num-
ber = 1.3715, which lies in the region of

. county - 6.

A2.0 SAMPLE SEGMENT LOCATION .

Al

Equipment required

i

(1) Nine Operatlonal Nav1gat10n Charts

(ONC s) coverlng the U.S.

(2) Dot matrlx, to xhe scale of the ONC's,
spaced six nautical miles in the east-
west dlrectlon, and spaced  five nauti-
ﬂal miles in the north-south direction

(3) A 100 x 100 nautical mile overlay, to

‘the scale of the ONC's, with a center
point surrocunded by a 6 x 5 nautical
mile rectangle, surrounded by a 12 x
10.5 nautical mile rectangle. The
boundaries of this larger rectangle
are drawn out to the edges of the 100 x
100 nautical mile Landsat {(frame bound-
- aries). Running north-south, 10 nauti-
cal miles inside the east and west
boundaries of the 100 x 100 nautical
mile limits making ~ rectangle 80 nau-
tical miles in the east-west direction,
and 100 nautical miles in the north-
south alrectlon : '

 (4) Lists of random numbers covering the -

ranges of 1 to 10, 1 to 20, 1 to 30,
etc., up to 1 to 300

(5) Data form indiCé%ing: State, CRD,

county, if more than one segment in
the county indicate which segment is
"being selected; and space to enter:
number of segments (5 x 6 nautical
mile rectangles) in the county, number

Ay



of segments in nonagricultdral arcas
of the county, number of segments in
the aygricultural areas of the county,
Landsat-1 track number passing through
county, latitude and longitude of cen-
ter of selected sample segment number,
spring/winter wheat sample scgment

B. Procedure

(1)
(2)

(3)

(4)

(5)

(6)

(8)

Iasten the dot qud Lo an ONC

From. the data'form,‘select a county;
locate it and draw its boundaries - -on
the ONC

Count the number of segments in the
county - a ‘segment is in the county

it its center point is in the county -
and enter on data form. If a center
point. of a segment falls exactly on a
county boundary, flip a coin. If it
comes up heads, place the segment in
the county being worked on, if it comes
up tails, place the segment in the ad-
jacent county

Count the number of segments that fall
entirely in nonagricultural areas and
enter on form

Subtract (a) from (c) and record on
data form

'Startlng with most northwest segment

in (e), number all segments determlned
in (e)

Select lowest random number table that
includes the last number entered in
step (f)

Use first unused random number from
table; this determines which segment
is the sample segment




C.

Constraints

(1)

(2)

(3)

(4)

(5)

Place the center point of the 100 x
100 nautical mile overlay on the center

~point of the sample segment

Is there another sample segment within
the 12 x 10.5 nautical mile rectangle?

*Yes - discard newest sample segment
and go back to step 2(h)

*No . - proceed

Are there more than four sample seg-
ments between the extended boundaries
of the 12 x 10.5 nautical mile rec-
tangle running in the east-west
direction?

*Yes - discard newest sample segment
and go back to step 2(h)

¥*No - proceed

If there are any other sample segments
falling within the east-west boundaries
of the 12 x 10.5 nautical mile rec-
tangle, move the center point of the
overlay to center points of these seg-
ments to determine if the new sample
segment causes there to be more than
four sample segments within these
boundaries -

*Yes - discard newest sample segment
and go back to step 2(h)

*No - proceed

With the center point of the overlay

‘back on the center point of the newest

sample segment; are there more than
eight sample segments between the ex-

‘tended boundaries of the 12 x 10.5 nau-

tical mile rectangle running in the
north—south direction?
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(6)

(7)

(8)

(9)

*Yes - discard newest sample segment
and go back to 2(h)

*No =~ proceed

If there are any other sample segments
falling within the north-south extended
boundaries of the 12 x 10.5 nautical
mile rectangle, move the center point
of the overlay to the center points of
these segments to determine if the new
sample segment c¢auses more than eight
sample segments to be within these
boundaries -

*Yes - discard newest sample segment
and go back to step 2(h)

*No - proceed

Determine if segment is a spring or
winter wheat type segment - whichever
occurs for more than 50 percent of the
total wheat acreage

Record remaining data for this sample
segment :

Return to step 2(b)
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APPENDIX B

'SAMPLING AND ESTIMATION PLAN -

B1.0 SCOPE o
This appendix describes the sampling and aggregation
requirements for LACIE Phase III and subsequent activi-
ities. These requirements include a description of

the sampling scheme as well as procedures for deter-
mining estimates of wheat area, yield, and produc-

tion and their associated variances.

B2.0 . SAMPLE SLLECTION PROCEDURE

The sampllng strategy to be used in LACIE will depend
on whether a country has detailed historical data
(U.S., Canada, Australia) or whether it only has data
on one level smaller than the country itself (U.S.S.R.,
China, Argentina, Brazil, India). In the latter cas<,
a standard stratified sampling procedure will be em-
ployed, while in the first situation the sampling
strategy will consist of a two-stage stratified prob-
ability sample in which "substrata" (smallest politi-
cal area for which yields, areas, and crop calendars

are published) represent the primary sampling units.*
The 5 by 6 nautical mile segments are the secondary
unlts. i

Sample segments will be allocated to the substrata
'~ based on weights, wljk, (see appendix A) which are a

function of (a) agricultural area in the substratum,
(b) within-substratum standard deviation of small
grain area from segment to segment, (c¢) classifica-
tion error variance, (d) substratum yield, and (e)
substratum yield prediction error. Depending upon
the wljk, substrata are designated as Group I (high

sampling rate), Group II- (low sampling rate) and
Group III (not sampled). (In the U.S,, where sub-
strata are countlies, the range of variation of the

Thls allocatlon procedure was used in U.S. Great

Plalns for Phase III.
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B2.1

L]k

is such that in order to meet the 90-90 criterion

in the Great Plains, anywhere from 0 to 5 segments to
a county are allocated.  In foreign areas where the
strata are larger, several times that number may be
assigned.)

The follow1ng sections (B2, 1 and B2.2) doecrlbc the
allocation process,

PRIMARY SAMPLING

A.

DETERMINATION OF TOTAL SAMPLE SIZE

The total sample size allocated for a country
should be such that the LACIE production esti-
mate satisfies the "90-90" criterion allowing
for errors due o (a) sampling, (b) classifica-
tion, (c) yield prediction, and (d) loss of data.

Using the best available a priori estimates of

the magnitude of the above errors, one can approx-
imate the mean-squared prediction error for pro-
duction as a function of the total sample 51ze, n,
(see appendix A).

PE(P) = £(n;6) (B2.1-1)

where P is the LACIE production estimate, § is a
set of error parameters, and PE(P) is the root

mean squared prediction error of P.

In order to meet the "90-90" cfiterion, assuming
P is normally distributed with expectation P, we
would like,ggégl

< .06. While it is not unreas~

onable to assume P is normally distributed, thefei
may be some bias in P. Therefore, we arrlve at a
PE(P)

sample size by setting =vquhere o is smaller'

than .06. Then equation (B2.l-1) can be solved for the

ThlS choice was based on ‘an acqulsltlon rate of

- approximately 80 percent.
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total samplc size, n. (Current'pians call for
o« = .05 in the U.,S. This results in a samplec

sizo of 601 for the Prcat Plalns )*

DESIGNATION'OF GROUP III

denote the

As denoted in appendix A, let Ple

‘ historical production (Primary Epoch Year) for

the kth substratum, jth stratum and ith zone.

' Let
| Eo'; max;P‘g"ng(P{Pijk <';0259T
1jk .
where
S(P)=3PijklPijk < gand Py = i?ﬁ Pk

(use ordering of P;., 's to obtain the set S(P)
and hence P ), i

Then all substrata w1th Pl]k

from sampling and de51gnated "Group II1II." No
segments will be allocated to these substrata
and the ratio estimation will be used to make
their area estimates. :

< P, are excluded

- DESIGNATION OF GROUPS I AND II

For all the substrata which are not Group III,
let

w.. 

W* . = ljk

i3k Z'Z'Z'w..k
Cijr Y

n

where Z'denotes summation only over the nonex-

cluded substrata, then.v



a. All substrata with”w:jk > 1,0 are "Group I"

b. All substrata with ijk < 1.0 are "Group II"

CdMPUTATION OF SAMPLE SIZES FOR SUBSTRATA

- Specific to this discussion only, an "element"

shall mean either (a) a Group I substratum or
(bo the union of all Group II substrata Wlthln

a stratum. Let tle represent the "size" of the

2th element in the jth stratum and ith zone; then

132 =-w§3k if the element is the kth Group I

substratum or

t,., =L w¥ .

138 gerz 3K
where "I " denotes the summation over Group II

keIl

substrata in the jth stratum and ith zone.

For each zone i, do the following:

as Define n; = rounded I I tl]k.

j k

b. Let njy be the provisional allotment where
O —

— - [e)
Tijk = Tigk T Pijk

and
=(n, = L & n?.
( i j k 1jk>

c. Assign one additional sample to each of r
~elements with probabilities proportional to

le, i.e., let



B2.2

'B3.0

= n° ‘
Nijk T Mijk * %5k

Where éjk = 1 if the jkth;element)receives an
extra sample segment; ik = 0 otherwise. If

le = Q for a Group II element, then all
substrata in the element are de51gnated as
Group II1. :

d. For each Group II;elementraSSiéned a total
of n.jk sample segments, choose the substrata

'which receive a segment. with probabllltles
proportional to their wheat -area in some

"Epoch Year." Once these substrata are chosen,
the probabilities of selection, ”2jk’ are fixed

- and used in the Group. II acreage estimate
(see section B3.2) even though the designated
"Epoch Year" may change.

The Hartley—Rao procedure1 will be utilized
to perform the PPS sampling. -The details of
this procedure are documented 1n appendlx C
for completeness. ~ ‘

SECONDARY SAMPILING

‘Once the number of segments in each substratum has
‘been determined from B2.1, the secondary units (5 by

6 segments) are selected at random within the agricul-
tural area of the substratum, subject to certain en~-
gineering constraints. See appendix A for details of
this selection process. -

AREA AGGREGATION

: * , ; : Q
For zones which do not contain at least three proc-

essed sample segments do not compute an area estimate.
In all other cases, wheat area estimates at the seg-
ment level will be aggregated according to whether

|

1c f. Cochran.

Strata in the case of countrles w1thout detailed
hlstorlcal data. .
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ORIGINAL pagE 18
OF POOR quaLITY,




B3.1

they came from a Group I or Group II substratum. Es-"
timates for substrata in Group III are cbtained by
the ratioing procedure described in section B3.3.

The general iaggregation procedure is as follows:

a. For all substrata with wtjk > 1.0 (Group I),

and for which data exists, compute a stratified
random sampling e¢stimator of the total wheat
area (see section 3,1). All substrata (in
Group I) for which no samples were available
because of cloud cover are placed in Group

III. If data subsequently becomes available,

a substratum is reinstated as Group I.

b. For all substrata with w*Jk < 1.0 (Group II)

compute a PPS estimator of the wheat area.
(See section 3.2.) If an entire set of Group
II substrata within a CRD has no available
segments due to cloud cover, the group of
substrata is treated as Group III until data
become available.

c. For all remaining substrata, plus those for
which no samples are available due to cloud-
cover, (Group III), compute a ratio estimate
of the wheat area (see section 3.3).

d. The final wheat area estimate shall be the
sum of the estimates for Groups I, II, and III.

GROUP I AGGREGATION

The wheat area estimate is calculated by the following

equations:
Npsp Resp M1k |
Ak = T 3, Pijki (B3.1=1)
S 1jk = ;
; i=1
- at the subStratum level and
L.
1] ,
k=1



B3.2

at the stratum level wherec

DMk

Nijk

M1ix
Ry5k

Biiki

PROBABILITY- PROPORTIONAL-TO—SIZE (GROUP II)
AGGREGATION

A PPS area estimate is computed for the group of

=

The combined wheat area estimate for the
Group 1 substrata in the jth stratum.

The number of Group I substrata for which
classification data are available in the jth
stratum,

The wheat areaW@stimate of the kth Group 1
substratum in the jth stratum.

|

The number of agricultural segments (after
exclusién) in the kth substratum.

The number of sample segments for which class~
ification data are availabe in the kth sub-
stratum.

The ratio of the true substratum area to the d
gross pseudo substratum (before exclusion) :
area

= The estimated wheat area for the ith sample ?

segment in the kth substratum. (See Appen-
dix E for determination of wheat proportion
in a segment,)

substrata within a stratum that are designated as

B25x

- Group II. The wheat area estimate is calculated
using the following equation.

My

R23k 20k Nyjx.
k=1 25k T

(B3.2-1)

The wheat area estimate of the sample segment
belonging to the kth substrafum in the jth
stratum,
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B3.3

M2. = The number of sample segments in the PPS group
J for which ClaSSlflcatlon data are available.

{

Nij and R2jk are defined for Group II similar to
[
N1jk and R1jk for Group I.

The “2]k are proportional to the historical wheat area

in the kth substratum, jth stratum for the designated
Primary Epoch Year at the time of sample selection

(see section B2.1) and satlsfy L Toap M,.. Speci-
k ] 2j
Ms.W
o - 21 23k . -y
ifically, ﬂzjk sz where szk‘ the primary
epoch year harvested wheat area in the kth Group II
substrata in the jth stratum and Wos = 2 Woupo
Jj X 2k

GROUP III AGGREGATION

The wheat area for the Group III substrata will be
estimated as follows:

If there are at least three sample segments processed
in the jth stratum, the Group III area estimate will
be

A,. + A,..
A3_ = __11____—21. W

37\ Wy ¥ Wy, 33

where W1j = the sum of the primary epoch year harvested

wheat area in the Group I area-in the jth stratum and
W3j = the sum of the primary epoch year harvested wheat

area in the Group III area in the jth stratum, and
WZJ is as defined in Sectlon B3.2.

If there are less than three sample segments processed
in the jth stratum, the Group III area estimate will
be as follows:
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B4.O

- then the sum of the Group I and Group II components' .

. variance estimates are made for strata containing less

I Jf[! W

b
Z EOIRT
Jel JelTl

where 2” " denotes summation over the Group [ areas

Jjel

andiPmE "'deﬁotes summatibn over the Group II areas

jeIl
for which classification data are available in the
zZone,

COMBINED STRATUM ESTIMATE = _ i

The wheat area estimate of each stratum will be com-
puted as the sum of the Group I, Group II, and Group
III component estimates which comprise the stratum. i

A. = A,. + A,

. A, (B3.3-1
j 15 7 Ry 33 ,f 3 )

=

If the stratum does not contain a Group III element

define the strata estimate.

A. = A,. + A.. , ~ (B3.3-2)

AREA VARIANCE ESTIMATION

In countries which lack detailed historical data no

~ B-9
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B4.2

\ .
than 3 processed segments. For other strata in such

countries, the strata variance estimates are obtained

using equations B#,1-1 and B4,3-1., 1In countries with
detailed historical data the procedure described below
in sections B4.1 to B4.4 will be followed.

GROUP I SUBSTRATUM VARIANCE ESTIMATE

The variance of the wheat area estimate for the Group
I substrata is computed by:

(B4a1-1)

whqre L1j’ R1jk' N1jk' and M1jk are as defined in

section B3.1, and S°

15k is the within substratum var-~

iance to be computed according to section B4.3.

VARIANCE OF GROUP II/PPS ESTIMATE

‘The variance of the wheat area estimate for the prob-

ability proportxonal to size (Group II) substrata is

computed by.

L,, 2
v ad Mg 2 2
2j Toik 23k-"2jk
k=1 I X
-
L, —1 Lys
| .., ...\ ?
z (ﬂ ORI (o L | 1
2jk 231 2jki Tosk  Toii
k=l i=k+1 | \#k 4
(B401‘2)
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where sz = number of PPS substrata in jth stratum

and R are as defined in

and:vzjk, sz, sz'_Nij’
section B3.2, and ngk»
iance to be computed according to section B4.3, and

is computed using the following formula:

25k

is the within substratum var-

for i # k, ﬂzjki
S M, =1 i
2jki. MZJ. "2ik 2
M, .-1 -
21 y 2
+ M p) (ﬂ2jk 7.2“ + 24k 231)
23
v k2
M,.-1 - .
- —%l—— m ™ "Z
M 3 2ik - 234 Z 2ju
23 . Tla=1
+——1—2(Mz'.—l) " m +1r3 o+ 1r2 ' 7T2~
i 2ijk " 2ji 2ji o 23k 231
2j ‘
L,.
L2y of e 2 4 2
M 4 25k T23i - 23k T25i :E: "2ja
2j =1
3(M,.=1) p "2 9
+ M5 ("ZJk "2ji) z WZJa
2j - 4 a:
204y, -1) RV
e [ SRR SN Z
M4 (ZJk 2_]1) ‘ 2ja
23 a=
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Y2.k = Secondary epoch yeaf”harvestedswheat area in._
] kth Group II county in the jth stratum.

| , .
'YZji = Secondary epoch year harvested wheat area in

ith Group II county in the jth stratum.

NOTE: If the secondary epoch year‘daﬁé_aréjnot
available then set the sccond term of the
_ P

variénge:of A2j equal to » where T,

. 27
is the first term of V,. given in equation
B4, 1-2. 23 -

2 2

COMPUTATION OF S1jk AND S2jk (WITHIN SUBSTRATUM/

STRATUM VARIANCE)
If the country lacks detailed historical data and

hence has large strata, only the wvariance Sﬁjk needs
to be computed and is given by

Miyx
2 _ i a2 -
Sk = D Prgre By /Mg - D Be3D)
i=1 v

If the country has detailed historical data, segments

within a zone are grouped into collections according
to their corresponding a Eriori within substratum
standard dev1atlons, k' used in the original alloca-

tion (see appendix A). These collectlons should sat-:.

isfy the following conditions:
a. No collection should contain less than 8 seg-
ments unless there are less than 8. segments
available for the whole zone.

b. All segments. in the same substratum shall be
~in the same collection.

B=12



The number of collections ¢ shall be giwven
initially by:

1}

c 1 provided Ns < 16

c = 2 provided 16 - NS < 24

c = 3 provided NS > 24

where NS = the number of available segments
in the zone. -If (a) and (b) above cannot be
satisfied when NS > 16, reduce the value of
c by one.

If ¢ > 1, the collections should maximize the

ratio of the between to w1th1n variance  of
the Ok, i.e., let

, d i
i S X Lo ! — 2 .
:E:;-EE: (er. -~ B.e)/(c - 1)
F = r=1 dj=1
c r — 2
Z Z (erj - 8.0) /(¢ dr—c)
r=1 =1 r

(B443=2)

where erj = a priori small grains standard

deviation (see appendix A) associated with
the substratum containing the jth segment in
the rth collection (note that segments in the
same substratum have duplicate erj values)

‘and di = number of segments in rth collection.
:Thén the partitioning of the ® d_ segments

x

_1nto collectlons should be such that F is
: maxxmlzed subject to the constraints specified
in (a) and (b) above. If F < 1 reduce ¢ by 1.
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Let p be the CAMS wheatiproportion estimate

rj
for the jth segment of the rth collection and
let r] be the hpoch year wheat proportion

for the substratum containing that segment.

Then for cach of c collections, regress the

pP._. on the x and let Sz denote the residual
rj rJ r

mean square, i.c.,

d
r

2 _ e vrn ) 2 AR 2 -
§. = (scgment arca) E (prj pr‘j) /d_ - 2)
j:

where Pry = a + bx ., the predicted value using

the regression equation)

®
L
=]
L]

!
o
B
L

i
b = (B4 +3=3)

Since by constraint (b), every substratum is assoc-
iated with one and only one colilection, assign the-

2
varlance S to every substratum whose segments

are in the rth collectlon (whether the substratum
2 2

is chup Ior II), i. e., 1jk (or Sij) _'Sr if

the segments in the kth substratum, jth stratum

belong to the rth collection.
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B4.4 OVERALL VARIANCE ESTIMATE
In a stratum having at lcast three sample segments

processed, the estimate of variance for the jth CRD
area estimate is obtained by

/ 2

W
14 :
V. 1 4+ ——d V., + V..

i w]j + “zj (13 2;1) (B4 4=1)

1)

where”w1j, sz, and W3j are defined in sections B3.2
and B3.3. ‘
If the jth stratum has at least one but less than three

segments processed, the estimate of variance for the
..stratum area estimate is given by '

(B4o4=~2)

 <l-where‘zf is the set of indices i, such that the itkh
~stratum has at least one processed segment. :
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If the jth stratum has no segment processed, the var-
iance estimate for the strata area estimate is glven
by

3j

N\ 2
Vit , 1. (Vg ¥ Vo)
' Wy + Wyp) ‘ |
‘ Ty A

i

(Bb4o4=3)

Remark: There are three categorles into which the
Group III data may fall,‘each producing a uniquely"
determined variance estimate for the stratum. The
first category is Group III data in the stratum which
was estimated from Group I and Group II data within
its own stratum. The second category is Group III
data in the stratum which was estimated from all the
Group I and Group II data within its zone as well as
the Group I and Group II data within its own stratum.
The third category consists of Group III data that was
estimated from all the Group I and Group II data within
its zone, but not from Group I or Group II data within
its stratum.

HIGHER LEVELkESTIMATES

AREA AGGREGATION TO THE ZONE, REGION, AND COUNTRY

LEVELS

Wheat area estimates for a zone, reglon, and country

" are obtained by adding estimates for the strata in-

cluded in the zone, region, and country.

Area estimate'at the»zone level:

: Arz = :E:”Arzi | L - (B5.1=1)



B5.1.2

B5.1.3

B5.2

- 8 = Number of strata in the zth zone, rth region

in the country
Arz' = Area estimate of the jth strata, zth zone, rth
] region in the country

Area cstimate at the region level:

(B5.1-2)

I
:ltvjx‘
Ny :

>

2]
N

Where,

R = Number of zones in the rth region in the country

Area estimate at the country level:

= Z A | (B5.1-3)

r=1

' Where,

K = Number of regions in the country

"VARIANCE AGGREGATION TO THE ZONE, REGION, AND COUNTRY

LEVELS

For a zone in a country lacklng detailed historical

data the variance estimate is obtained by aggregatlng

- the strata varlances in the zone,

Vz # E ' VZJ
3
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B5.2.1

where sz is the variance of the jth stratum in the
zth zone., Otherwise, use equation B5,2-1,

An estimate of the variance at the zone level is
given by

(\"]j + sz)

(B5.2-1)

where zi is the set of indices associated with strata

in the zone having at least one processed ‘segment, 77
is the set of indices associated with strata in the

-zone which have at least one but less than three seg-

ments processed, A is the set of indices associated
with- strata having at least three segments processed

and 72 is the set of 1ndlces a55001ated with strata
containing no processed segments.

No variance estimation is required for zones which
do not contain at least three processed sample segments.
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B5.2.2

85.2.3

B6.0

B6. 1

B6.2

The variance estimate at the region level is

I
-
<
N
N

(B5.2-2)
z=1
The variance estimatc at the country level is
|
K. -
»E v, (B5.2-3)

K
Cf
—

SPRING AND WINTER WHEAT

AREA AND VARIANCE ESTIMATION

In a mixed whéat'areé,‘separate area estimates will
be made for the winter wheat and the" sprlng wheat

~using the aggregation procedure described in sections

3.0 ‘through 5.2 with inputs (CAMS/CAS as well as his-
torical) of winter wheat for a winter wheat aggrega-
tion and those of spring wheat for a spring wheat
aggregation except that the Tk in sections B3.2

and B4.2 are unchanged; i.e., they are based upon

the historical total wheat area for' the Group II sub-
strata.. This will provide the spring wheat and the
winter wheat area estimates and their respective

‘variance estimates at the strata and zone levels.

The procedures in sections 5.1 and 5.2, are used to
obtain separate winter wheat and spring wheat area
estimates and the corresponding variance estimates
at the regional and--country levels.

TOTAL. WHEAT=_ AREA AND VARIANCE ESTIMATION

- The total wheat area estimate in a mlxed wheat area

will be computed by aggregating the winter wheat and
the spring wheat area estimates for the area, that

‘is, iffAw and A denote the winter and spring wheat

- B=19



B7'0

area estimates, respectively, the total wheat area
estimate, At, is given by the equation:

This will be done at the strata and higher lcovels.

The variance estimates for tha total wheat at the
strata and zone levels will be those obtaired from
the total wheat aggregation to be made with inputs

of total wheat by CAS for the segments and historical
data. For any higher level the procedure is the same
as described in section 5.2,

STANDARD STATISTICS

The standard statistics for area estimation and aggre-
gation are composed of standard deviation (o), coef-
ficient of variation (CV); 90 percent confidence
limits (CL), and probability of 10 percent relative

“error (Q). If As and V'S are the area and variance

estimates at some level s, statistics will be calcu-
lated as follows. :

a. Oy = ‘,Vs : ﬂ | (B7.0-1)

og |
b, CV_ = z> G , o (B7.0-2)
c. cL. ™) = a & (1.645) o | (B7.0-3a)
S S . : S .
(=) - » =
CL A, - (1.645) o, (B7.0-3b)
d. R = 2 P(x) =1 . (B7.0-4)

3

: wherevP(x) = [1., Z(X)'(é1t + ath + a t3)].
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B8.0

B8.1

with t

1 + px
x = .10
- oV
S
p = .3327
21 = .u362
a, = -.1202
as = f9373
2
and Z(x) = — e 7% /2.

PRODUCTION ESTIMATION

Production estimates are not generally made at the

'stratum level. Instead, pseudo zones are created in

a zone if it is covered by more than one yield model.
A pseudo zone is obtained from the intersection of a
yield stratum with area strata in a zone, An estimate
of the production in a pseudo zone is obtained by

the product of its area estimate times its yield pre-
diction, and these estimates are aggregated to predict
zone and higher level production. In mixed areas this
will be done for each crop-type (winter and spring
wheat). To obtain the total production, the separate
production for each crop-type will be aggregated.

PREDICTION FOR A ZONE

Suppose thé“zone'consists of H pseudo;zohes, Gy

Gz,.e.)GH with acreage"éétimates Azl;...,A and

zH
yield predictions YZl{,ZZZ""' P respectively.

‘Then the zone production estimate is given by

HY
i=1
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B8.2 PREDICTIOM‘ERROR ESTIMATE FOR A ZONE

An estlmate of the squared prediction error of P
is given by

H o i-1 '
EE L (2T

JEG krb

(B842~1)

where U, is the estimated squared prediction error
of the yleld for the ith pseudo zone and V_ . is the

area variance estimate for the ith pseudo zone and
is given by

P ; (B842-2)

here Vj is the area variance estimate for jth stratum

and is obtained according to the formula in section
B4.4. ij in equations (B8.2-1) and (B8.2=2) is the -

"~ estimated covariance between area estimates for the:
jth and kth strata in the zone and is obtained ac-
cording to the following formulation:

’ij = 0 when each of jth and kth strata has at least

3 segments process=d ‘ L , : g
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k1 ZJ

" >z oy

inl

jk ©

when jth strata has at least 3 seqgments processed
and kth strata has either no segment or less than
3 segments processad.

T

Wy (Vg + Vo) + w"s Wyp * Vo

Vﬂ<= ;
Z (Wy; + Wyy)

vied
g D iy Vo)
L nxi ' B
2 I
—t (W, .+ W,.)
i% 11 ;21;

when each of jth and kth strata has less than 3 but
at least one segment processed. '

W, (V.. +V,.) "35" 3K Vig* Vo)
3k 13 25 ie ‘

2
W,. +W,..) : (W, o+ W, )

-B=23




N

when jth strata has less than 3 but at least one
segment processed and kth strata with no segment
processed.,

Bj 3k E (Vli + v ",
2: (wli+w )]
ied

when each of jth and- kth strata has no segment
processed

The quantities V1j' sz, W1j' W2j' W3j and the set

4f are as deflned;earlier in sections B3.0 through
5, 2 ;;

In a zone with both sprlng and winter wheat, pseudo

- zones will be of 3 types, pure spring, pure winter
and mixed. These pseudo zones will be collections

of strata to be specified by the MWPZDC (Mixed Wheat
Pseudo Zone Definition Committee). The variance es-
timate for total wheat in the zone is obtained from
(B8.2~1) wherevYzi and U,; are as previously defined

for the pure pseudo zones (eithe:s winter or spring);
For a mixed wheat pseudo zone, a combined yield pre-

diction and its squared error, i.e., Y0 and U, v
are to be evaluated as follows: e :

A Y +A Y
WO w 80 8.

Yot =" A F&
’ WO . SO
12 .1/,2'2
I R A SN
: ‘\"wo zw "o zs
Uzi = - > ’
(AWO + ASO) .
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A = The primary epoch year harvested w1ntor wheat
area in the pseudo zone.

Aso = The primary'epoch year harvested spring wheat area

in the paeudo zone.

U, = The squarod predlctlon error of the winter wheat
ZW NG
yleld estimate for the pseudo zone.
Uzs = The squared prediction error of the spring wheat

‘yield estimate for the pseudo zone.

B8.3 PREDICTION AT THE REGTONAL AND COUNTRY LEVELS'

a. Suppose a region consists of R zones with produc=-
tion estimates Prl' P’é,,.., PrR‘ Then the re-

gional productlon prediction is obtalned by

= :E: Pre

= J bt e

N

b. If a country consists of K regions with production
estimates P1,’P2,..., Pk' then the country produc-

tion prediction is given by

BB.4 PREDICTION ERROR ESTIMATES FOR THE REGIONAL AND
B COUNTRY LEVELS.

é. An estlmate of the squared predlctlon error of
P r? the reglonal productlon estimate is given by

B-25
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P N bbb o SR Sl

5

where Sr is the estimated squared prediction

error of P the production for zth zonc and

rz'’

Srzz' = 0 if the zth and z'th zones have no yield

stratum in common. Otherw15e,

where Urk is the squared prediction error the

kth yield stratum estimate commonly applicable
to the area estimate A rz for the zth zone and

: the area estimate A for the z'th zone, and C

is the number of yleld strata common to both the‘
zth and z'th zones.

The estimate of the squefeéwprediction error of
P, the country production estimate is given by

K
_ 2
'Zsr
r=1
This computation of 52 assumes that the regional
productlon estimates are uncorrelated. (There

is no reason to doubt this assumptlon at the
present tlme )
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B9.0

ZONE AND REGIONAL YIELD AND PREDICTION ERROR
ESTIMATION

When there is a single yield model in a zone, the
squared prediction error of the zone yield estimate
provides the variance estimate needed for evaluation,
i,e., computation of standard statistics. In case

~of more than one yield model in a zZone, the average
“ yield estimate and the associated prediction error

estimate will be computed using the following formulas:

The average yield estimate for some space(s) is ob-
tained by

|
1
o |o®

il
where P_ is the production estimate and A, is the
area estimate for the space (Zone/region/country).

An estimate of the.squared prediction error of
this average yield estimate is obtained by

2
s s P2 + A2 PSAs
s s
where
' Sz = Estimated squared prediction error of P

the productlon estlmate.

st= Estimated variance of AS, the area estimate.
Y, = Yield estimate for the ith'pseudo zone.
'V, = Estimated variance of the area estlmated in

ith pseudo zone.
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APPENDIX C
HARTLEXfRAOHPROCEDURE* FOR PPS SAMPLING
Let {Zi}N be the sizes df’a population of N units for
i=1
which we wish to choose a sample of n Wlth probabllltles

proportional to z

(a) Define £, = 0 and accumulate the %; so that

v 55
£f = Z
N i T 1
(b) Let 4 = f£_ and choose a random number r between 0 and

d. Define'xk =r+(k-1)da ,k=1,2,...,n

(c). Choose the ith unit where £,.1< ¥ < f; for some value k.

} 1 k

CCEDHNG.PAGR BLADK -NOT FiLsg:

* Cochran, W. G., Sampling Techniques; Wiley, 1963, p;-263’




APPENDIX D

SAMPLING AND ESTIMATION PROCEDURE BASED ON NATURAL STRATA

1.0

2.0

SCOPE

This document describes the sampl ing and aggrega-
tion requirements for Lhe New Sampling Strategy
for LACIE Phase III and beyond. These require-
ments include the sampling schome as well as
aggregation procedures for estimating wheat area,
yield, and production and their associated prec-
dlctlon error estimates, - :

.SAMPLE SELECTION PROCEDURE

The new sampling strategy to be used in LACIE
Phase III and beyond utilizes: .

. (1) a stratified random sampling w1thout replace~-

ment scheme,

(2) "universal" strata developed according to
L spec1f1catlons oriented toward achieving -

homogeneity in regard to agricultural density,

soil type, and climatological conditions, and

(3) the 5x6 nautlcal mlle seqment as the sampllng
i unit. -
}

The total sample size allocated to the area of

,1nterest should be such that enough segments will
be available for CAMS processing  to produce a

preassigned (expected) coefficient of variation
for the estimate of production allowing for errors

-~ EOING PAGE BLANK-NOT PHLFI&:



due to (a) sampling} (b) classification, (¢) yield
prediction, and (d)gloss of‘dara.1

3.0 AL LOCATION OF SEGMENTS

Allocation of seqments refers to the detcermina-
tion of the total number of segments to be dis---
tributed among the defined strata. ‘'hese deter-
minations will be completed, first.of all; for the
universal strata (i.e., the strata: developed
irrespective of political subdivision level
boundaries). The sample sizes determined for the
universal strata will then be apportioned to the
"refined" strata based upon the proportion (rela-
tive to the universal strata) of historical wheat,
from the epoch year, present in the "refined"
strata. The terminology "refined" strata refers
to the strata that result from the intersection

of the universal strata with zone-level political
subdivisions in countries with detailed historical
data; in countries without detailed historical

data, the intersection is taken with strataz-level
political subdivisions., The following sections
{3.1 and 3.2) describe the allocation process to
be applied to the universal strata.

1The choice for the preassigned value for the production
coefficient of variation is dependent upon the desired prob- -
abilistic accuracy of the production estimate for the area
of interest. For example, if a country level production es- -
timate is to be made, the goal is to obtain a count¥y pro-
duction estimate, at-harvest, which is within 10% of the
actual production with a probability of .9. - This is referred
"to as the 90/90 criterion.

2The use of the word "strata" in this context refers
spec1f1cally to political strata; e.g., strata-level sub-
, d1v1s1ons in the USSR are oblasts.



DETERMINATION OF TOTAL SAMPLE SIZF

The total sample size allocated to the area of
interest should lle such that the LACTE error
budget is achieved for the area estimate allowing

for errors due to (a) sampling, (b) classmfication,‘

(c) yield prediction and (d) loes of data. Using

the best available a-priori knowledge of the mag-
nitude of the above errors, one can approximate
the mean-squared prediction error for production
as a function of the total sample size, n. This
equation can then be solved for n. The resulting
value is given below:

Z 275 2 2
N. g . b4 + T
J‘JSJ“<( ] 3 )
N i=1 R }
n = :
i — (3.1=1)
|
s | p2cv?(p) - ZA 2 2
J 3]
j=1
where
n = tdtgl number of segments allocated to '
the'area’of interest,
N. = total number of ag segmen#s 1n the ]th
3 gunlversal stratum,
'Sj2‘= estlmate of segment-to—segment Varla-f
" tion of wheat area within the ]th
unlversal stratum,
A
Yj = average yield potential determlned from
_ soil characterlstlcs in the ]th universal

kstratum,

D=3



T. = standard deviation of yleld potentlal in

the j th universal straLum,

J = total number of strdta in the area of
interest,

preassigned value of the coefficient of
variation of the production estimate,

J
P =E A.Y.
373

j=1

0
<
av)
]

A. = estimate of wheat area in the jth universal
3 - stratum based on historical information,

and

§ = a conservative lower-bound estimate of.

the expected, sample acquisition rate by
the end of a crop season (determined £rom

" previous experience with loss of segments
due to cloud cover or other reasons).

In case n is not an 1nteger, it will be rounded
upward to the integer just larger than n.

To compute the wheat area variance, S-z, the follow-

J
ing procedure will be carried out: if the j

universal stratum contains at least MJ IACIE

.th

processed segments from the previous year (Mj

should default to the value of 3 if no overriding

2

value is specified), Sj will be the computed

segment~to~segment variation of the previously
-@stimated LACIE wheat area. In case the number

of LACIE segments is less than Mj' the estimate

of the within-stratum wheat area variance will be
estimated from the following regression equation:

‘Sjg = (Segment area) [ jZSa.Z SR

‘o (J .‘) : (1-r )] 3.1-2)



where

a. = ag area in the collection of ag segments

of the jtb universal stratum computed

from a complete enumeration of ag pro-
portlon in each 5x6 nautical mile seg=-
ment in the stratum as determined from

a 5%x6 grid overlay onto Landsat color
IR imagery3,

r. = gj//hj where a; is specified above and

gj is the historical wheat area in the

jth universal stratum,

Sa.” = the segment=-to~segment within-stratum
ag area variance in the collection of

ag segments of the jth universal’
stratum computed from the enumeration
of the 5x6 ag proportions

and ¢ is a constant obtained by performing a least-
squares fit to other strata (each of which contains
at least MJ LACIE aegments-—M] should default to

the value of 3 if no overriding value is specified)
in the country containing ILACIE processed segments
from the previous year (if too few LACIE segments
are available in the country of interest, the
least-squares fit should be carried out on strata
from analogous areas from other countries having

- LACIE processed segments from the previous year).
Finally, in countries having no historical data
available, since sz cannot be computed from (3.1-2)
in this case, it is recommended that S-2 be re-

c , J
placed by Saj'2 in (3.1-1). T

3sFB will produce 5x6 nautical-mile grid overlays for all
areas to be sampled. These grids will be keyed to the corres-
ponding ONC's and the percent of agricultural area will be
computed for each rectangle ln the grid from the Landsat imagery.
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',proportlonal to r.

DISTRIBUTION OF SAMPLE SIZES AMONG STRATA

After determining the total number, n, of segments
to be allocated to the area of interest, as indi-
cated in the preceding section, the sample size,

nj, to allocate to the jth’universal stratum will

be computed as follows: let tj be the weight

.th

associated with the j universal stratum where

N.\/s.z‘(y.z + T.z)
t. = JY J J J n (3.2-1)

3 J
N 2 3
Nasls. 2 (v.? + 1,
LJJSJ (3‘ ])

3

and where the quantities to be input into the
right-hand side of (3.2-1) are as defined in

section 3.1. Let ng be the provisional allotment
to the jth
part of tj' Also let

universal stratum where ng = integer

iR T
and
: J
r = - °
3 Znn |

L j=

Assign one ddditlonal'bample segment to each of
r of the universal strata with probabllltles
33 i.e., let '

D-6



n. = n"’ + ‘s‘, j = 1,2ia.-a.,J (3.2"'2)

] ) ]

' : .th . . .,
where My o= 1 if the j universal stratum rcceives
an extra sample segment; éj = 0 otherwise. The

Hartley=-Rao procedure“ will be utilized to per-

~ form the PPS allotment.

Performing the above procedure rosults in the de-
termination of the universal strata sample sizes.
However, wheat area and production estimates arc
to be made at the refined strata level and will
require determinations of sample sizes for each
refined stratum, For a given refined stratum, the
“sample size will be determined by multiplying the

" universal stratum sample size by the proportion
(relative to the universal stratum) of historical
wheat, from the epoch year, present in the given
refined stratum, The fractional part of these
weights account for one or more segments; conse-
quently, these segments will be assigned to the
refined strata utilizing the Hartley-Rao PPS pro-
cedure with sample sizes proportional to the frac-
tional parts of the weights in the same manner as
indicated in the previous paragraph.

3.3 DESIGNATION OF GROUPS A AND B REFINED STRATA

In the New Sampling Strategy framework, the j th
refined stratum is designated as a "Group A" or
“Group B" refined stratum depending on whether it
is allocated at least Mj or less than Mj segments,

respeq;ively,-whe;e*ﬁj defaults to the value of 3

if no overriding value is specified. The qualita-
tive definitions are as follows: Group A refined
strata are those which represent marginal to high
wheat producing areas whereas Group B refined strata
represent areas hav1ng very little or no wheat his-
~—torically. There is one primary exception to this

) AC.f. Cochrah,‘w, G.,‘Sampling Techniques; Wiley, 1963,
p. 263, . ‘ ,
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5.0

5.1

Eting
£
N

~5qeneral quallflcatlon.i since LACiE does not get

coverage on every segment for every pass, any re-
fined stratum hav1ng less than MJ segments after

such losses shall be placed in the Group B cate-
gory. If Mj or more scgments subsequenly become

available for aggregatlon, the r@flned stratum is
relnstated as Group A. - e :

GUIDELINES FOR LOCATING SEGMENTS

The location of segments within a refined stratum
- will be performed by simple random sampling.without

replacement within the previously designated ag
area of the stratum. All the segments with 5% or
more ag within the refined stratum will be candi-
dates for selection. After the 'selection of the
sample, the actual acquisitions will be located on
a mosaic. ' The latitude and longitude of the center
of each segment is obtained and dellvered to DAPTS
for orderlnq/backworderlng.

APPORTION,M%:NT PROCEDURES

APPORTIONMENT OF POLITICAL SUBDIVISION DATA TQ
STRATA

As noted in section 3.1, it may:be necessary‘to ,
know the universal stratum historical wheat area
gj in order to! compute xj for 1nput into (3. 1-2).

This quantlty will also be needed ‘for each refined
stratum in the aggregation. In countries having
historical data available only on one level smaller
than the country itself (e.g., the oblast level in
the U,S.S.R.), an apportionment of the political
subdivision wheat proportional to the universal/
refined stratum must be performed. This will be
accomplished as follows: : C

gL o= 13,w‘._~;~f o (5.1=1)



5.2

where

g5 = the apportloned estlmatc oSf historical

wheat area 1n the j th

Strat.um,

universal/rcfined

a;: = the ag area in the collection of ag

th

segments common to the j universal/

refined stratum and 1th political sub-
division,

th

=
i

division based on historical data,

a: = the total ag area in the collection of

ag segments of the.ith

political suk~- .
division. : '
APPORTIONMENT OF AREA ESTIMATES TO" YIELD STRATA

The Sampling Strategy requires thaﬁ'yield;and area
(universal) strata be coincident. The situation

may arise, however, where this may not be the case.
In such cases an apportionment of the acreage esti-

mate to the yield strata. is needed to permit the

estimate of production at political subidivision
. (or other) levels. The following discussion spec-

ifies the requlrements in support of the New . Sam—
pling Strategy 1n this case.

Another set of area strata will be generated con-
sisting of the collection of all the area "sub-
strata" that result from the intersection of the

‘refined strata with the yield strata. This will

;esult in each yield stratum containing one or

more area "substrata." The LACIE wheat area esti- -
mate for each area "substratum" will be obtained' by
- apportioning out the LACIE wheat area estimate of

the refined stratum according to the proportion of
ag area in each "substratum" relative to +he re-
fined stratum from whlch it came.

D=9 .
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Referring to Illus.cation 1 below, if the indicated
yleld strata covered the area of interest with {A1,

AZ,A3,A4,A5} being the collection of refined strata

" over this same area, then, in view of the lack of -
coincidence of area and yield strata, a new collec-
tion of area substrata is generated consisting of

(AqqrR92/B09/R250R394R37, R4 1851/ 855/R53,85, ).

. As E oy
: ———— Yield Strata™
Boundaries

Refine& Strata
Boundaries

Ay

ILLUSTRATION 1: A Refinement of Acreage Strata to the Yield
PR . g Strata

Referrlng to the above 1llustraulon, 1f W.j is used

to denote the LACIE estlmated wheat area apportloned_
to Alj, then

L )
a th

g%i A%A’ if the i .subvtratum is contalned
J | within the 3B Group A (see. sectlon
g 1 6.1 for AJA) reflned stratum,
L T )
233, th _ s
- jB' “if the i ‘Substratum is contained
J, w1th1n the jth Group B (see section
: 6. 2 for AJB) refined stratum,
where
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6.1

aji = the total ag area bf Aji determined from
the product of the ag proportion Aji

(determihcd from the complete enumcration
of ag in the 5x6's) with the planimctered
area of A.., :
' N
and . i
| , ‘
a. =‘tnevtotal ag area of Aj (determined from
" the complete enumeration of ag in the
5x6's). ' .

The above procedure will identify the arca "sub-
strata" and provide associated wheat arca estimates
to be aggregated within each yield stratum to com-
pute production. It should be observed that the
procedures discussed in this section will neces-
sarily be needed for use in the estimate of produc-
tion and production prediction error in case the
yield strata are not coincident with the universal
strata; however, the wheat area estimate for a given
area of interest will be the same regardless of
whether the area aggregation is performed from the
refined strata or from the substrata (generated
from intersecting the refined strata with the yield
strata). \ e '

STRATUM AREA ESTIMATION

GROUP A REFINED STRATUM AREA ESTIMATE

The wheat area estimate for the jth

Group A refined
stratum is calculated as follows: :

,zA ’.‘
(e

‘ A

N.. o

_JA A
JjA ‘

Bja T W jkA (6.1-1)

SR
1}
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/
’where
AjA = the LACIE wheat area estimate for the
jthbGroup A refined stratum,
NjA = the’total numbeﬁuof ag segments in the
i*M Group A refined stratum,
MjA = the total number of SampLe segmentswfo}
which classification data is available
_1n the Jth Group A refined stratum,
A = the LACIE wheat area estimate for the
IkA T en th
k- sample segment in the j Group A
refined stratum.
6.2 GROUP B REFINED STRATUM AREA ESTIMATE

The wheat area

estimate of the jth:Group B acreage

stratum is calculated as follows:

I | 5

where

B » 4 n-
r” 3 - B i
= ,(1 e ;
- Win = the most feeent epoch year (or average

"JB

over previous two or three years) har-

vested wheat area in the j
stratum,:

th Group B

- D=12



kj

dej kA T

deJWkA T

1, if the kP Group A stratum is
used in the estimate of the

'jth Group B stratum

0, othcrw1s¢

the sum of the LACIE estimates of
wheat area in all Group A strata
that are used to estimate the given

-jth Group B stratum,

the; sum of the most recent epoch
year (or average over previous two
to three vears) harvested wheat
area in the Group A strata that

are used to estimate the jth Group

UJB stratum,

the total number of Group A stratérln
the area of 1nterest plus any additional.

Group A strata that are not contained
within the area of interest but that are

used in the ratio estimation of the Group f
B strata contained in the area of interest,

"*fn-é = the total number of saméie segments for
35 which c1a331f1catlon data is avallabln in

the Jth Group B stratum,
~and

otherwise

Az 0 if n.'

jB = O

(6.2-2)

D-13




where/ ! SR =

N the total number of ag segments in the

3B th
777 Group B refined stratum
Ajkp = the LACIE wheat area estimate for the
kth sample segment in the j th Group B
stratum. S

ané the capability should exist for Mj to default

to the valuc of 3 if no overriding value is speci-
fied. (Recall that MJ is the minimal number of

.th

segments that. must be acqu1red in the 3 refined

'stratum,)

"It should be re-emphasized at this point that the
most refined level for which historical wheat area
is’"available in many LACIE foreign areas 1is one
level below the country level (Crop Region or Econ-
‘omic Region). Consequently, the historical wheat
values for each stratum utilized in the Group B
estimator must be apportioned to the stratum as
‘indicated in section 5.1.

In the preceding discussion, the Group A strata to
be utilized as a base for the ratio-estimated part
of the wheat area estimate of a given Group B _
stratum are to be selected according to the follow-f
'ing guidelines: ;

(1) 'First of all, the capability should exist
to permit interactive selection of the
appropriate Group A strata as a base in
the ratio-estimated part of a given Group -
B stratum.

(2) If (1) is not available (or, if available, =
, but not utilized) the software should de-
fault to the use of all Group A strata (if
there is at least one) in the 2zone (con-
'talning the glven Group B stratum).

D-14



7.0 STRATUM WHEAT AREA VARIANCE

7.1 GROUP A REFINED STRATUM VARIANCE

The variance of the estimate of wheat area for the
jth Group A refined stratum is given by:

2
N.
jA 2
Via = S (7.1=1)
where o
V., = the variance of the jth-Group A refined

 JA stratum estimate of wheat area,

2

oMy, |
2 ‘ /.. _ =

sia = 1/(MjA 1) 21: (Ajk.A AjA) C(7.1=2)

| | k=1 | |

and

- Ya s
A.p = (1/MjA) Z Aixar (7.1=3)
k=1 o
7.2 ~ GROUP B STRATUM VARIANCE

The variance of the estimate of wheat area for the'

Jth Group B stratum is glven by.

m

R w B B 2
D L i
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8.0

8.1

where VEB is the estimate of~s§gment~to-segment§

variance of wheat area computed for the refined
stratum in the same manner as indicated in section
3.1 (i.e, by making use of the allocation data at
the refined stratum level), if: nJB<1, otherwise
(i.e., if 2<nJB<MJ, VJB 1s estlmated directly
(i.,e., in the same manner as the estimate of V.,

-- see equatlon (7.1= 1)). BRI A

HIGHER LEVEL ESTIMATES

AREA AGGREGATION TO THE ZONE, REGION, AND COUNTY

- LEVELS

The wheat area estimate, A, of the area of interest
(whether it be zone, region, or country) is given
by:

m b k

=1 e e 4=
where
1, if 3 th Groﬁp A refined stratum is
contalned w1th1n the area of interest
R =
J 0, otherw1se

and m  is the total number of Group A strata that
are contained in the area of interest plus any
additional Group A strata that are not contained
within the area of interest but that are used in
the ratio estimation of the Group B strata con-

- tained in the area of interest. The quanlty b

denotes the total number of Group B strata in the
area of 1nterest. e

D-16



R

8.2

VARTANCE AGGRFGATION TO THF ZONF, REGION, AND
COUNTRY LEVELS

i

After substltutlng the expression in equdtlon
(6.2-1) into (8,1~1) and 51mp11fy1ng, it is
straightforward to see that A in (8.1-1) is
expressible as:

m b ‘ ' ,
Z *5 Aja t Z (“iBAiB/Mi) . (8.2-1)
i=1

3=1

where

b

i=1

Consequently, the vafiance, Vpr for the estimate

of wheat area for the area of 1nterest is given
by: : ‘

: m . b e
. 2 Y . | _
V= E al Vip + E (niB/Mi) Vig - (8.2-2)

SPRING AND WINTER WHEAT

AREA AND VARIANCE ESTIMATION

‘In a mixed wheat area, separate area estimates will

be made for the winter and the spring wheat using

- the aggregation procedures described in sections

6.0 through 8.2 with inputs (CAMS/CAS as well as
historical) of winter wheat for a winter wheat ag-

gregation and those of spring wheat for a spring

D-17



9.2

10.0

wheat aggregation. This will provide the spring
wheat and winter wheat area estimates and their,
respective variance estimates at the strata and’
zone levels. . The procedures in sections 8.1 and
8.2 are used to obtain separate winter wheat and
sprlng wheat area estimates and the corresponding
variance estimates at the zone, regional, and
country levels.,

TOTAL WHEAT: AREA AND VARIANCE ESTIMATION

The total wheat area estimate in a mixed wheat
area will be computed by aggregating ‘the winter -
wheat and the spring wheat area estimates for the
area, that is, if A, and Ay denote the winter and

spring wheat area estimates, respectively, the

- total wheat area esgimate, Ay, is given by

At = Aw + As. (9.2-1)

J

‘This w1ll be done at the zone and hlgher levels.

The varlance estlmateSwfor the total wheat at the
zone and higher levels will be those obtained from
the total wheat aggregation to be made with inputs
of total wheat by CAS for the segments and histor-
ical data. The procedure is the same as described
in section 8.2.

'STANDARD OUTPUT STATISTICS-

Theistahdard statistics for area estimation and
aggregation are composed of standard deviation (o),
coefficient of variation- (CV), 90 percent confidence '

~limits (CL), and probablllty of 10 percent relative

error (). If A and V ‘are the area and variance

estimates at some level s, statlstlcs w1ll be cal-
culated as follows-

- D-18
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s SR SR TR SR R R d B

A o=y Y | (10.0-1)

w s i}
b, Cvg =% | (16.0-2)
S
co eng™ <Al v (16us) 0 (10.0-3a)
er ) = Al - (1.685)0 (10.0-3b)
's . s 7 ‘. U - .
di g = 2 px) = 1 o | (10.0-4)

where p(x) = 1 —>é(x) (a1t + a2t2 + a3t3)

. " 1
with t = T——“"——b;z
« o 210
¢ s
p = .3327
aq = 4362
az = .9373
and
//// : ' 1 -x2/2
z(x) =

PRODUCTION ESfI_‘IMA‘I“ION

PRODUCTION AND VARIANCE ESTIMATION AT STRATUM

th

'~ The estimate of wheat production for the j area

refined stratum (stratum as used here does not

-~ refer to CRD, oblasts, etc.,) is given by:

Df19



A.AYfA , if the j th refined stratum is
14-J a Group A stratum

if the j th refined stratum Ls

A. Y. ,
MJB B a Group B stratum

In the abov«, YsA(Y is the predicted yicid§for

JB
the jth Group A (Group B) refined stratum as given
by the yield estimation model. The estimate of the

prediction error of the ]th Group A refined stratum
- production estlmate is yiven by:

2 _ ; 2 2 2 _ 2 S
Zj'A = VjA yjA + TjA AjA VjA TjA {11.1-2)

where A., and Y.. are the éstimates of wheat area

and yleld, respectively, of the j

Group A refined
stratum and ,

v estimate of the wheat area wvariance for

A .th
the j Group A refined stratum,
and
TjA2 =>the estimated squared prediction error
of yield in the ]th Group A refined
stratum. .

The prediction error of the jth Group B refinéd"

stratum production estimate is similarly obtained.

In case the yield strata are not coincident with
the universal strata, the estimate of production
and its associated predlctlon error estimate at
the substratum level is given below. In partic-
ular, if we let P; denote the production estimate

.th ijx .th
of the i substratum (apportioned from the j

yleld stratum whlch has yield Y v then

19e = Wig¥y o (11.01=3)
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11.2

where w i is given by equation (5.2-1). Moreover,

denoting the production prediction error estimate

. . 2
of Pijr by Aijr ’ wg have

2 . , 2 2~ 2 _ 2 : ‘o
Zijr‘ = Vinr‘ + Tr wij VijTr (11.1=4)

where Wij and Y are the estimates of wheat area

.th

and yield, respectlvely, of the i substratua

(contalned in the jth refined stratum), and
’ ,
— . 2
'sii Via o if the it™? substratum is
J " contained within the jtB
Group A refined stratum,
Vij = ‘ | E o (11.1-5)
E%l VjB s if the ith substratum is
J ' contained within the jtP
- Group B refined stratum.

The quantities asg and aj are as defined in section
5.2. '

PRODUCTION ESTIMATE FOR A ZONE, REGION, OR COUNTRY
LEVEL -

The wheat production estimate, P,, for the area of?

1nterest (whether it be zone, region, or country
level) is given by equation (11.2-1) or equation
(11.2-2), respectively, depending on whether or not
the yield strata coincide w1th the universal strata,
i.e.

D-21
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B P . B L T S e T ST A R

Ho [-m b ] |
= _5_ E YpsnyBia E Oridipl¥y  (11.2-1)
r=1 '°]=1 i=1 ) ‘
or
H@ m , :
Pa = | E Yri®j95a%a
r=1 |3=1 :
b : : ‘
+: Z Bri%ipPip | Yy e (11.2-2)
i=1 R _
That is,
H
P, = E ALY -
r=1
where
m | b -
S0 DN PR SN
r L | Te3hy Fri€yi] Aya
j=1 i=1 N

s » , s |
i

or A. is given by this same expression after re-

placing Yrjn' by Yrjnjqu and Bri by Briqu' In.
the situation where the universal strata and yield

strata coincide, equation (11.2-1) applies where

",D;zz‘-»b




the LACIE predicted yield in the rth

“yield stratum,

]
[

H = the total number of ylvld stratx ln the :
area of intcrest, Lo %

1, if the j th Group A stratum lics. %

i . within (or coincides with) the rtP !
Yy { yield stratum |
- o, otherwise . 7 - :

1, if-the ith Group'B stratum lies %

~ within (or coincides . with) the cth ;

S e i yield stratum ;
0, otherwise ;

‘and M, is a variable that defaults to the Value of
3 1f no overriding value is spec1f1ed.
“In the situvation where the universal strata and

yleld strata do not coincide, equation (11.2-2)
applies with Yr and H as defined above; however,

{1, if the jth Group A stratum intersects
' Yey = | the rtP yield stratum: '
';0, o“herwise
:1, if the ith Group B stratum intersects
Bpy = the rth yield stratum
0, otherwise,

B my , o B : a
dp = 21: (ajq/aj) N 4 (11.2-4)
q= » = 8 / :
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11.3

of substrata apportioned out of the j

‘strata apportioned out of the i

and

gq=1 , ‘

In equations (11.2-4) and 11.2-5), the small a's
are as given in section 5.2, mj is the total number
;th refined
Group A stratum and that lies within the rth yield
strétum. Similarly, b. is the total number of sub-

i
jth refined Group B

th

stratum and that lies within the r yield stratum.

'PRODUCTION PREDICTION ERROR FOR A ZONE 'REGION, OR

COUNTRY LEVEL

The estimate of the squaredrprédiction error, sz,

of the production estimate for the area of interest
(whether 1t be zone, region, or country level) is
glven by

+2 Z Y,¥p. cov (A, ) (13-

and



12.0

12,1

where

e = Tty t D feiCy
! i=1
Ti = the estimated squared prediction crror
' of -yield in the rth yield stratum,
and
N = b 2
Vea = j Yrj'rj + }E: Brlcjl Ve

:E: (Brl 1B//M ) * v T W;;(7153~2)

The preceding equations apply, of course, to the
situation where the universal strata and yield
strata are coincident. If this should not be the
case, the same equations would still apply provided

YriPj and 8., are replaced with Y jqu apd Bridip’

respectively, throughout.

SPRING AND WINTER WHEAT PRODUCTION
PRODUCTION ESTIMATION IN MIXED WHEAT AREAS

In a mixed wheat area, separate production and pre-
dicted production error estimates will be made for
the winter wheat and spring wheat using the proce-

wheat production estimate in a mixed wheat area
will be computed by aggregating the winter produc-

- tion and the spring production, that is, if P, and

P denote the winter and spring wheat production

D=-25
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- to be replaced by:

estimates, respectively, the total wheat productlon
estimate, P , is given by :

Pe =Py +Ps . o (12.1-1)

" PRODUCTION ERROR ESTIMATES IN MIXED WHEAT AREAS

fThe estimate of the production prediction error at

the area of interest level (whether it be zone,
region, or country level) in a mixed wheat area’
is given by equations (11.3-1) = (11,3-3) w1th the

following modifications: if the j th Group A re-
fined stratum contains mixed wheat and is supplied

with both a spring, Yi, and winter, Yz,lyield es~

timate then«Yr and Tr2 in (11.3-1) and 11.3-2) a-e

w S
Aerr + ASI'YI'

Y. = (12.2-1)
r Awr + Agy : - =
and
.
2
2 _ Aerr * AsrTr ' _
Tr o + A r ) ; (12.2 2)
AWr sr -

respectivély,;where

'Awr = the epoch year harvested winter wheat area

in the rth yield stratum,

"A__ = the epoch year harvested spring wheat area

o th
F in the r yieldvstratum,
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= the root mean square of the prediction

r error of the winter wheat yield estimate
for the rth.yield stratum,
and
Ti = the root mean square of the predlctlon

error of the spring wheat yield estimate

th

for the r yield stratum,

AREA OF INTEREST YIFELD AND PREDICTION ERROR
ESTIMATION

When there is a single yield model covering the area
of interest, the squared prediction error of the
yield model provides the variance needed for evalu-w
ation, i.e., for computation of standard statistics.
In case of more than one yield model in the area of
interest (whether it be zone, region, “or country),
the average yield estimate and the associated pre-
diction error estimate will be computed using the
following formulas:

The average yield estimate for the area, C, of in-
terest is obtained by:

where P, is the production estimate'agnd‘AC is ‘the

area estimate for the area of interest.' An estimate
of the squared prediction error of this average yield
estimate is obtained by ‘ -

|

2 2&:_
S 2 | SC VC 2 Y.V :
Uc = Y¢ 7Y T2~ T7paA (13.0-1)
- Po B, che



i

estimated squared prediction error of Pc

,‘the production estimate,

estlmated predlctlon error of A the area

estlmate, c’

. th

yield estlmate for the i yield stratum,

estlmated prediction error of the area

estlmate in the 1th yield stratum (com-
puted from use of equation (8.2-2) where
the area of interest referred to by that

.th

estimate is the i yield stratum in this

case).

NASA-JSC
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