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This paper proposes an Aerial Point Sampling Survey
(A.P.S.) of Ruanda. It Jdemonstrates why we think this is
more appropriate to ASPAP's requirements than 1:20,000 scale
azrial nhoto coverave, and details a complete program of

training and acquisition for an in-house capacity at S.F.S.A.
to estimate agricultural land use by Prefect, Sector and
Commune. Furthermore, we will show that because of the

economics cf chis approach and the willingness of the
International Unicn for Conservation of lature and Natural
Resources to provide training and software at cost, the
surveyv, interprretation and compilation of reports can be

g ~aled within our budget for the original aerial photography

alone.

In response tn a request from Development Alternatives,
tnc., ia the spring of 1927, Exploration Photography sub-
mitted a proposal to fly complete aerial photo coverage of
Rwanda at a print scale of 1:29,000 in 70mm color. This
application was based on our successful use of medium format
enhanced color surveys for resource inventory in several
African countries and throughout the American Southwest.

Our complete aerial photography of Lesotho, flown in 1983,
remains the best available coverage of that country and has
sroven useful in several branches of land use planning frum
watershed development to road siting.

However, as ASPAP refined its requirements, this approach
became less appropriate to their needs because:

1) The altitude at which this photography is taken.
[t requires relatively cloudless skys, and to be
useful to ASPAP's purposes, it should be flown when
crops are in tie field. Clear skys are rare during
Awanda's growing seasons, and it became anparent
that the coverage could probably not be completed
within that time frame.

ASPAP had originally considered an area frame sample
approach to their farm survey, which utilizes small
scale continuous coverage. This methodology has since
been rejected and with it tbe chief justification
for the original aerial photography proposal.

N
~

As stated, this type of stereographic aerial photography
is an invaluable multi-use tool. 1t provides 1007% coverage
of the land permitting complete thematic maps and topographic
analysis of the terrain, but in a country with Rwanda's
climate, it would be expensive and time consumning to acquire.
nwanda has an excellent set of topographic base maps and
1:20,909 scale land use maps that are complete but made from
ten (10) year old coverage,and therefore, out of date. ASPAP's
and SESA's ohjective is to update this data base, surveying
the countries extremely fragmented farm holdings (one hectare
per houschold with up to 15 different fields reconfigured
between the two growing seasons), to identify and estimate
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coverage of the 40 most common asricultural crop mixtures.

At 1:25,9009, each aerial photograph would cover 25sq. kilo-
meters and show a hecrare as one half (%) a centimeter wide.
Crop manpine at this scale would require hichly sophisticated

personnel, equipment, and ground trutn, probably cost more
than the survey, and remiin a subjective interprertation
based on pattern recosnition,

The specific needs of this project can be better met by
an aerial point survey, which accurately quantifies an evenly
distributed sample of the ground at large scale. The photo
aircrafr flvs a low altitude grid below the layers of cloud
cover and, therefore, is much less sensitive to weather
conditions and takes single 35mm transparancies at one kilo-
meter intervals (Appendix #l, Survey Operation). Each frame

. «.Z2 hectares imd is intorpreted at a scale of one centi-
meter tc seven meters, so that a sinpgle hectare farm holding
is 14 Ly 14 centimeters on a projected grid. Individual crop
species can be identified and their coverage determined by a
simple dot/srid overlay (Appendix #2, Interpretation of Sample
Photographs). Oepending on sampling intensity, the area
covered by thesc frames represents a 1.6 to 37 sample, sufficient
for precise polling with estimates derived directly as densities
or total numbers within a given defined area such as a commune
(Appendix #3, Sample Analysis and Precision).

Aerial Point Sampling was developer by Dr. Norton-Griffiths'
of EcoSystem, Ltd., Hairobi, specifically to survey the complex
patterns of small holder land use found in Kenya where the
average field size for all cereal grains is .2 hectares and
the prowing seasons are also characterized by extensive cloud
cover. nduring rhe last six years, EcoSystem has flown and re-
flown over 1.2 million sq. kilometers and throughly demon-
strated its' application and the accuracy of the results.
Exploration Photography has worked with EcoSystem, Ltd. in
Tanzania, and utilized A.P.S. to assess U.S. rangeland
grazing for the Office of Arid Lands Study in Arizona.

The success of APS as a survey tool has been made possible
by two celatively recent developments in aerial reconnaissance
and resource inventory. One is the availability to small
aircraft of on board global navigation computers that allow
the exact geographic location of each sample frame to be
recorded (see Appendix +#1). The second is the development of
.1.S. micro-computer information programs that can layer
ancillary data such as administrative divisions, census zones,
climate, historical land use, or a digital elevation model,
as spatial strata on a geographic base (see Appendix j4).

As each sample photograph is accurately located to a geographic
point, the tabulated information resulting from its interpre-
tation can be associated with any stratum of information

that overlays that point and acquires the attributes of all
other relevant stratum. For example, not only can a particular
crop be estimated for a given defined area, its production can
also be compared as a function of soil type, slope angle,
elevation, or historical use. This ability to spacially

orient the data into a flexible and manipulable form is the
heart of the A.P.S. approach and the factor that provides a
clear path from flight and film to usable reports.
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Onc2 quantified and jmputted into the system, the surwvey
data can be vabnlated for selecred variables within or across
the admiristrative reporring univts.  The point samples can
also be assiuned to colls such as the 5tm by Skm UTH grid
to display acribates and resional patterns as rhematic riaps.
Thus it becomes nossible ro bnild up a hipghly integrated
resource data base from bhorh present and past surveys (the
Technosvnthesis land use data is apparently available in a
pre-rastervized computer tape format), and any other information
that can be gpeographically referenced.

Dr. dorton-Griffich has developed a PC Computer based
turn-key point information management system (PINS) for the
sampling data and will provide a comprehensive training
nrogram for two SESA staff as part of this proposal (Imple-

»ou scehedule, Training Program). [t will allow them to
directly intesrate the APS results into a framework of existing
information from different sources that can then be recorded
into the administrative structure within which Rwandain govern-
ment planners carry out resource managewent. One of the inherent
oroblems with previous resocurce and land use surveys have been
their vast quantities of data that could not be assimilated
into the context of other existing information or presented in a
form sufficiently recognizeabie by the end user to be used. To
quote Dr. Horton-Griffith: "It matters not from what source
the data come, be it satellite images, aerial photos, low
level aerial surveys, maps, consulting reports, ground surveys,
or national censuses; neither does it matter one jot whether
ecolowical principals suppest that watersheds, or agro-ecologi-
cal zones, or area of differing slopes and soils should be used
as the basis for development; if a Government implements its
development by District, Division and Location then all data
must be presented by District, Division and Location otherwise

the data cannot be used."
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IMPLEMENTATION SCHEDULE

AERIAL SURVEY

The first surver should be scheduled for Hay/June 1989,
and immediately follow the training program in dairobi. There
would be some advantapes to having the survey flown before the
training, mainly that the S.E.S.A. staff could train and estab-
lish a data base with their actual imagery, but I feel this is
outweighed by the benefits of having pre-trained personnel and
the selected local staff participating on the flights, and
identifying problem areas as the survey and interpretation run
concurrent. ‘The ideal solution to this problem would be to
wave one or two hundred sample photographs over a pre-selected
area in Rwanda with easily verifiable crop compositions, and use
them in the training program to learn the interpretation tech-
niques and establish the initial interpretation classes for the
project. Under "Additional Cost Ootions', I have included a
possible mechanism and cost for doinpg Enis without necessarily
having to imnort the survev plane twice,

txploration Photosraplhiy will provide the following equip-
ment for the duration of che survey:

- 2 Canon F-1 35mm cameras with moter drives

- 250 exposure backs, 35mum, 50mm and 85mm lenses

- | aerial camera mount for Canons

- film loading equipment for bulk backs

- 1 VHS color video camera and recorder

- 1 aerial mourt for video cgmera

- 1 Top Flight Video monitor and intervolometer for
in-flight monitoring of flight lines and exposure
control

- lieht tables for sorting and organizing color slides

- auto~-counting hot foil press for labeling film and
slide mounts

Cxploration Photography staff in Rwanda will consist of
the following personnel:

Dana M. Slaymaker
Photographer, survey coordinator with ASPAP and SESA staff

Rate: $250/day, plus per diem

Darragh Davis

Photographic Assistant, film coordinator and French
translator

Rate: $100/day, plus per diem

All expenses incurred by Exploration Fhotography, including
film, processing, and travel will be billed at cost and are

[(ER

est.imated in the budget.



Aircraft will be onrovided by Jeremy Block, iairobi, Kenya,
and may be contracted through Exploration Photography or by
D.A.T. directly.

Airc[i££: Cessna 200, hipgh wing monoplane, long range
tanks, GNS599A Series | OMEGA/VLF navigation
computer, ring Gold Crown radar altimeter, full
Avionics, twin 35mm camera hatches, 4 seater
confignracion.

Cost: $250 per hour, dry lease: lease includes pilot,
ilnsurances, navigation fees, landing fees, parking
fees; hnirs rimed on aircraft Hobbs meter from
leaving dairobl to returning ilairobi.

sarot: Fully qualified for APS sample survevs, will re-
quire standard USAID per diem while on duty in Rwanda.

Guaranteed Hours: 61, including passapge time. Hours in
excess of 60 billed at same rate.

duration of Contract: 45 days; every day in excess billed
at 3500 if airtime at that point is less than 100
hours. Days on which the aircraft or pilot are
unservicable are not counted into 45 day maxium.

Fuel: Current and nrojected costs currently unavailable
in Rwanda. Aircraft uses 50 litres per hour. Best
to budget $51.50 per licre.

dotice of Contract: ilinimum of three calendar months

notice required from start of survey.

Payments: $5,000.00 on exchange of contracts, non re-
turnable unless aircraft or equivalent fails
to mobilize within L4 days.
$10,000.00 on mobilization of aircraft and pilot
to Rwanda.
Balance on return of aircraft to Nairobi.

Contact: Jeremy Block
TLX: Nairobi 22206 MANDOR
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Schedule of Personnel and Cstimated Duration of Survey

Exploration Photopraphy will need a set { the 1:50,000
scale topographic map: and o 1:250,000 scale base map of the
commune Jivisions at least a1 month before the initiation of
the training program, and ar least seven davs staff time to
plor flighr Lines and orzanize the necessary eqiupment. Ye
should also arrive in 2vanda a week before the aircraft to
establish residence and coordinate with ASPAP and SESA before
flying bepins.

The aircralt should be in-country between 25 and 40 days,
depending on the sampling intensity selected, weather conditions
(Fhovnt o tauch lesser degree than normal aerial photography)
aud the extent to which local air rturbulance allows us to
complete afternoon tlizhcs.

Finally, we will remain in Rwanda for about two weeks after
the aircraft to complete indexing and collation of the data.



Implementation Schedule

1.U.C.0.0.R. Training Program

Photo-interprecatinon training course should be scheduled
for four weeks immediately preceeding the survey.

Dr. dorton-Griffith has desolved EcoSystem, Ltd., to join
the International Union for the Conservation of Naturz and
Natural Resources as head of ivts Eastern Sahel Unit. This is a
non-profit orpanizavion that has agreed to provide an APS
interpretation program to two SESA staff at cost. The objective
cl this & weel course is to train 2 English speaking Rwandan
personnel in all aspects of analysing data from APS surveys so
that in future all work can be carried out in-house in the Hin-
istry in Rwanda. The training course will also be attended by
D. Slaymaker consultant to DAL for this APS survey.

The course will cover the following subjects:

- basic design features of the APS survey method

- georeferencing sample aerial photographs

- filing and cross indexing sample aerial photographs
- analysing land cover off sample aerial photographs
- computer entry of all survey data

- data validation, editing and listing

- creation of a GIS (geographical information system)
data base

- use the PIMS (Point Information Management System) GIS

The 1UCH will also provide, free of charge, a copy of their
most recent version of the PIMS computer programmes for further

analysis of APS surveys.

The LUCH training course will be held at the Regional
Offices of the IUCH in Hairobi for a period of one month. A
three-man team will be invo'ved in the training: -

Dr. M. llorton-Griffiths Head, I1UCN Eastern Sahel Unit
E. Shirekuli Computer Manager, IUCN/ESU
G. Otieno Chief Photo-Interpreter, IUCN/ESU

Course Outline

The following subjects will be covered during the 4 working weeks
of the course:

Week 1l: APS sample theory
- APS sample design
-7-



- Georeferencing Sample Photographs
- Filing and Cross Indexing Sample Photographs

Week 2: Photo Interpretation

- Bagic introduction and theory

- Creation of photo-interpretation key

- Interpreration using the dot grid

- Coding interpreted data

- Studying other land use photographs

- Computer entry and validation of photo data

Creating (IS Data Base Using PIMS Software

Lo

Week

- Data points

- XY grid coordinates

- Photo Galibrations

- Data Base Creation and Validation

Week 4: Training on PIMS Software

- Module 1: Create lMNew Project

- Module 2: Data Retrieval

- Module 3: File MHManagement and Utilities
- Module 4: Manping

- Module 5: Hodify and Update Data Base

OUTLINE COMPONEHT DETAILS

Cross Indexing and Filing

All sample photographs must be filed in sequence,and
cross indexed to their physical location on the georeferencing
base map. Each sample photograph {s given a unique Transect/
Sub~Unit identity. This matches the TR/SU data on the map, and
also matches an individual data record in the GIS daca base.

Photo Intervretation

The first stage is a (amiliarisation with the photo inter-
pretation procedures and equipment. The creation of a photo
interpretation key will be discussed at length, and many examples

will be looked at.

A range of sample photogranns will then be analysed, with
the TUCN staff providing assistance. l!ornings will be sepon*
interpretation; and the afternoons in going over the morning's
work, discussling it, and assessing reasons for differing inter-
pretations. The absolute necessity for strict quality control
will be stressed at all times.

Whenever pogsible, sample photographs from other parts of
lenya and Tanzania will be looked at, to give experience in as
wide a range of land cover types as nossible.



Data Zntry and Validation

The prinding task of entering the data from hundreds of
photographs will again emphasise the absolute necessity for
strict operarional procedures to avoid mistakes. Validation,
edicing, and yet more vatidarion and editing reinforces the
necessity ror care.

Data Base Credation

Creating the 615 data base for 2wanda will highlight yet
further aspects of quality control. Activities will include
creatine rhe initial dara base; input of UM grid cell coordi-
nates,; definition and entry of reporting strata; entry of photo
calibration data; final validation of ail daca; all culminating
in the creation of a balanced, errcr free data base.

Training on the PINS Software

2

After the exigeacies of analysing and entering the data,
and creating the data base, learning how to use the PIMS CGIS
software routines will seem simple and straightforward. Tables,
analyses and maps of the Rwanda survey data will be produced,
and a good introduction given into the features and capabilities
of the software.



Requirements of UJESA St The justification of this program
is that the two itudividuals form the core of a photo
interpre:ation team to analyze the firsc and vossibly second
survey. They would become tche senior whnto—inturpreters respon-
sible for refining the inverpretation classes and monitoring the
outputs ol their starf, as well as producing reports from the
tabulared daca and secing to their effective use. Although
Dr. MNorton-uriffith has some facility with French, they should
be able to read and take instruction in English. A background
in compurer progroming is not necessary as the software is
introduced as vurnkey on an entry level, but they should be
willing to master its intricacies.

Requirements of 81
e

Since the actnal inrerpretation of the sample photographs
forward, requirements for local hire staff would be
much less, and a pool of qualified interpreters could e devel-
oped. FcoSvstems had the best luck with college students in
resource disciplines or agricultural field agents in training.
This approach has the cecondary benefit of familiarizing future
land managers with the technique and spreading its acceptance

a3 o resource tool. The long term goal of this project should
be the institutionalization of the technique within the Ministry
of Agriculture's planning programs. Subsiquent surveys will

be less expensive and the data base will become much more power-
ful as ongoing monitorinm, allowing accurate crop projections
and the modeling of dvnamic simulations for different planning
options. In between programs for national coverage, less elab-
orate surveys over limited areas could be flown with a local air-
craft and a simpeer camera rig such as the one provided for the

test shots.

is straiont

kEquipment List for Photo Interpretation in Rwanda

1) minimum of two (2) interpreter stations, four (4)
are recommended. Fach station consists of a table,
chair, wall mounted projector and dot grid. IUCHNR
recommends the Halight daylight projector, available
in Nairobi at approximately $600.00 ea.

a) four (4) prejectors - $2,400.00 in iHairobi

b) tables and chairs obtained locally

c¢) dot grids and software will be provided free
by LUCHNR

d) computer vequiremeuts: any IBM compatible
running MD.DOS 3.0, with at least 640K memory,
30mp hard disk and a fuli carriage width NLO
matrix printer - projected cost $1,500 to $3,000

e) miscellaneous equipment: approximately $1,500.00
- photo file folders
- thumb clickers

pencils

- printing up of data sheets, paper and computer

supplies

2) additional cost option for Mr. Slaymaker's presence
during training - Because of the importance placed on
the training of the SESA staff, I would like to attend
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at leasc the last two weeks of the program at TUCIHR,

This would wive me a chance to meet and become familiar

with the SESA staff within the training environment, and

would give us & more common frame of reference in the design

and implementation ot the survey. This is by no means essential
to the project, and, il necessary, [ would be willing to do it
for per diem alone, bur t feel the shared experience in Nairobi
whould facilitate communications in Rwanda where most of my time
will be spent keeping the plane in the air.

-11-



BUDGET FORMAT ARD OPTIONS

Sampling intensivy and scaie 1s a funcrion of cost.

Given the discussion of wurvev accuracy in Appendixz 2, the
selection of a sampling intensicy for this survey has to he

a budget

consideration and I will outline three (3) options

with their relative cosrs.

A)

B)

¢)

L6l sample, evenly spaced flisht lines 2.5K apart

with an exposuare every kilometer. This is Dr. Norton-
Griffichs standard for tabulating lorations in Kenya.
It would give acceptable accuracy at the medium commune
size of 135 sq. F., bur less reliable results i€ pushed
to a4 smaller sized unirt.

2.1% sample with tlight tines adjusted between 1.5V
and 2.5K to maintain a relatively consistent confidence
level of results from communes over a range of size.

3% somple with flight lines adjusted between 1.2K and
2¥, as above but pushing the statistical resolution of
the system =t increagsed cost and man-hours of interpre-
tation.

A-1) Budget 1l.6% sample

L) Aircraft and pilot

a) 112 hrs. 1 $250/hr. = $28,000.00
b) 5,600 litres fuel « 31.50/L = §,400.00
¢) 20% contingency on above = 7,280.00
d) estimated ferry from MNairobi = 2,000.00
e) per diem on pilot = 3,780.20
TOTAL 549,460.00
2) kExploration Photography
a) staff time on site = $16,800.00
b) per diem = 14,112.00
TOTAL 330,9172.00
3) Film & Processing = $2,409.00
(shipping costs to and from Nairobi
for processing in-house) unknown
Video tape 300.00
TOTAL §Z2,700.00
4) Interpretation
a) 3 man local hire staff for 4.5
months $4,050.00
b) 2 senior staff for 5 months 4,000.00
TOTAL 38,050.00
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B-1) Budger 2.1., sauple

1) Aircrafi 7 nilot

ay 147 hrs. i $250/hr. = $36,759.090
h) 7,350 litere fuel « $1.50/L = 11,025.00
c) 207 continzency of above = 9,555.00
d) estimatzd ferry from Nairobi = 2,000.00
e) per diem vn pilot = 4,937.00
TOTAL 564.267.00°

2) Zxploration Photugraphy
a) staff time on site

$21,350.00

b) per diem = 17,933.00
TOTAL 0,2
3) Film & Proces ‘ing = $3,200.00
(shipping costs to and from Nairobi
for processing in-house) unknown
Video tape = 4C0.00
TOTAL 53,600.00

4) Interpretation
a) 3 man local hire staff for 5.5

months = $4,950.00
b) 2 senior staff for 6 months = 4,800.00
TOTAL 59,750.00

C-1) Budget 3% sample

1) Adrcraft & pilot

a) 210 hrs. d $250/hr. = §52,500.00
5) 0,500 liters fuel g $1.50/L = 15,750.00
c) 20% contingency of above = 13,650.00
d) estimated ferry from Nairobi = 2,000.00
e) per diem on pilot = 8,032.50
TOTAL $91,932Z.
2) Exploration Photography
a) staff time on site = $28,700.00
b) per diem = 24,108.00
TOTAL 552,808.00
3) Film & Processing = 54,6C00.00

(shipping costs to and from Nairobi
for processing in-house) unknown

Video tape 600, L0
TOTAL 35,206.66
4) Interpretation

a) 3 man local hire staff for 8

it

months = $7,200.00
b) 2 senior staff for 9 months = 7,200.00
TOTAL , 400,

The other major factor which could direccly effect cost 1is
if the photo interpretation staff determined that during the pre-
reconnaissance testing that they would not be able to success-
fully distinguish and identify the extremely fragmented crop

-13-



combinations at the base scale of 1:7,000. This is unlikely,
but in that case it would be necessarv to increase the inter-
pretavion scale by reducing the coverage of each frame to 2
hectares and exposing two adjacent frames in rapid succession
at each sample point.  ‘Lhis wouald not affect flight costs, but
would double tilm costs and probably increase man days of

Qg
)

interpretation by 857

V) Cost reductions if second daily flight is possible.

Thes2 cost estimates are based on the conservative
assumption of flying 4.5 hours a day. [t is likely
that we will often be able to fit a second shorter
flight into tne afternoon. This will be a function

of air rurbulance, severe —eather, refueling time,
etc. This couservative assumption allows some slack
in the es.imate, but if ideal or "dumb luck" coundi-
tions prevailed, savings could be realized between
$6,500.00 (A-1), 39,500.00 (B-i) and $13,500.00 (C-1),

-14-
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PROJECT COSTS

[ndependent of Sample Intensity

A) Interpretation

1Y TLU.M.N.B. training program $10,000.00
"2) per diem Lor SESA staff in Hairobi 7,500.00
3) SESA staff wages 800.00
4) hardware for photo interpretation
stations 3,900.00
5) computer and printer 3.009.00
6) air fare for SESA staff to Nairobi 800.00
B) Survey Crew
1) 10 days statf preparation in U.S. 3,500.00
2) travel expenses 7,000.00
3) complete set of 1:50,000 scale
topographic maps plus laminatien in-house

TOTAL COST SUMMERTES

dot Including Cost Options

1) 1.6% Sample - $127,622.00
2) 2.1% Sample - $153,490.00
3) 3% Sample - $200,840.50

ADDITIONAL COST OPTIONS

A) Follow-up consultation
1) E. Shirekuli, Computer Manager, I.U.C.N./E.S5.U.

and/or G. Arara, Chief Photo-Interpreter, I.U.C.N./
E.5.U., would be available on a consulting basis
tv assist with the interpretation and data compila-
tion, either as participants or by doing follow up
reviews of the operation at specific stages to catch
complications. ‘
a) Rates each per week - $500.00
b) per diem - standard A.I.D.
c¢) airfare from Nairobi - $400.00

2) Mr. Slaymaker would also be available as needed
after the completion of the survey to assist in the
interpretation and compilation.

a) Rate - $1,250.00 per week
b) per diem - standard A.I.D.

-15 -
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B)

C)

D)

E)

3) Dr. lerton-Griffich may be available for consul-
tarion on a weekly basis, pending his schedule

wich T, o0,

a) Rate - 51,250 per week

b) per diem - standard AL.0.

¢) aitrfare from Hairobi - $400.00
Attendance of rraining program by D. Slaymaker

Ly last two weels, per diem only - $1,290.00

Second season survey (December 1936)

(could be lower sampling intensity than primary)

1) A-Ll Budger, 1.67 Sample = $91,122 00 plus $7,090.00
travel expenses for survey crew to return

2) B-l Budger, 2.17% Sample = 5116,900.00 plus $7,000.00
travel expenses for survey crew to return

3) C-1 Budger, 3% Sample = $164,340.59 plus $7,000.00
travel expenses for survey crew to return

Cptional equipment for photo-interpretation
1)y V.H.S. tape player and monitor to review
primary unit flight lines - $1,200.00
2) C.H.R.L.E.S. computer program - $1,000.00
3) Heward Packard pen plotter - $3,000.00

Acquiring Rwandain sample coverage for I.U.C.N. training
program
A sample of actual coverage and ground truch over Rwanda
would prove valuable for the training program in Nairobi,
but probably not justify teh expense of a special mobili-
zation cf the survey aircraft. However, I could fly a
limited survey over a known area with visual navigation
and a local aircraft. The flight lines would have to be
plotted on the existing aerial photographs to allow
accurate geo-referencing and careful adjustments made
for altitude, but restricting the sample to a limited
area of relatively constant elevation would make this
possible. Costs as follows:
1) additional ronnd trip te Hairobi - $400.00
2) six hours local aircrafe @ 590/hr. - $540.00
3) 4 day day rate per diem - $1,504.00

Total additional cost = $2,444.00

-16-
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SULLIARY

APS is not an aerial pheovo survey in the normally under-
stood sense of the phrase.  Ir dees not map features on the ground
or chart plant communities.  What it does 1s enumerate a represen-
tative sanple of gronnd cover, classitfy that information to a geo-
graphic gvid and extrapolate estimates of crop production or
land use by administravive divisions., These estimates can also
be correlared with anv ancillary factor that can be classified
to the same ¢orid, lts advantares are:

1) can identify crops and small fields

2) insensitive to weather conditions (is flown below
cloud cover)

3) can be flown efficiently during the optimum crop
survey periods

4) interpretation requires simple equipment and skills

5) interpretation is more rapid and far less expensive
than for high altitude photography

6) training in techniques of low level photo interpre-
tation, geographical data management,anua data analysis
are available in HNairobi

Its disadvantages are:

LYy onty 1.€ vo 3% of land area is actually photographed
(versus 100% with high altitude photography, but
versus only (.17% of land area measured during the
1984 agricultural census)

2) mapping i{s not possible (oniy a small portion of land
is photographed)

3) no topographical analysis is possible (but these data
already exist)

4) data are of much less general use than high altitude
* photos

5) coveraze does not include non-agricultural areas such
as national parks or forests

The principal advantage of the APS approach with its training
program and in-house capacity is that it creates an institution
within the Ministry of Agriculture that can respond interactly
with 1ts governments planning process, producing accurate
esrimates of agricultural use to the specifics and administrative
format required by the end users.
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Appendix }#2

Photo Interpretation of Sample Photography

One of the advantages ot APS is the extent to which tne
extremely large scale photography simplify interpretation, making
it possible to compile the data with crews of minimemly trained
individuals wvorking underv the supervision of a senior interpre-
ter.

The procedure for each samnple point is simple and straight
forward.,  With an enlarging system mounted on the wall, each
35mm slide {s projecred down onto a desk top dot grid at a
19X anlargemont factor to give an average interpretation scale
of 1:700. The semi-random dot grids consist of an array of
[8x12 cells of 2x2 c¢u in size, with two randomly located dots
in each, anproximately l.5mm in diameter, equivalent to l.5mm
on the ground at the average scale. The photo is interpreted
only within an inner area of 16xl0 cells containing 320 dots,
thus overcoming intevpretacion problems associated with the

edges ot the (ield of view.

Coant. data are simple numeracions of objects such as house
compennds, buildings with iron sheet roofs, buildings with
thatcied roofs, or even numbers of individual plants in the
case of large croo trees like bananas. 1n geneval, the 50%
rule is followed, which specifies that 507 or more of the object
being counted must lie within the inner interpretation area to
be included into the talley.

Area data are measurements of the proportional area of
different kinds of land cover, the proportions being expressed
in terms of the number of dots falling within each land cover
class.  Area data can be obtained for individual crops and crop
combination, for the canony cover of natural vepgetation, for
the land raken up by roads, tracks, or house and for fallow
land.  The 507% rule is azain used to dacide if a dot should be
included into a particular area medasurement.

Qualifiers are recorded on a presence/absence basis and
are used nrimarily to describe the status of land management,
the methnds of cultivation and the occurance of terracing or

contouring.

To the extent that this enumeration requires qualitative
judrements, there are procedures to contral the accuracy and
consistancy of the results. They are reiterative and include

tue following steps:

1) pre-reconnaissance: the senior staff trained by dorton-
Griffivh ac [.U.C.M.0.R., myself, Dr. Lassiter and other con-
cerned consultants would meet to qualify the range of crop type,
crop combination and natural features that should be included
as individual photo interpretation classes. Tnis should be
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fnitiared with test rlishts over known fields before trhe acrual
survey (this <an be done with a local aircraft and a scaled down
camera rig before the training program - see Cost Option E)

2y Daring the e lv stapes of the survey a wider range of
diavositives are exzamined o check the feasibility of the initial
selection of interprerarion classes. Classes are subseqently
added/delered, mercoed/sptiv, and a key formulated which defines
the important visual, textural, and other characteristics of
each class.

3) At rhis point, rraining should proceed with the entire
photo interorecation team under the supervision of the senior
photo interpreters. CGlasses are further refined through cruss
chock and Jiscussion hatween the team. Ground truth in this
term is a function of training and interpretive cross checks
(sce Appendix #3), cne of the interpreters should be on any
survey {lizht taken, and make note of the crops, crop combina-
tlons, vesetation and anytiaing alse they see. In particular,
they should note anything they see that they don't understand
and these nroblem areas should be noted on a master map and
revisited at the end of the survey so that the observer can
clearly see the ground configuration. In this way each member
of the Interpretation team gains a greater understanding of
the context in which the photographs are taken as well as the
appearance of land forms and vegetation cover from the air in
peneral, which is difficult to convey without this experience.
Additional sroblem areas encountered during interpretation are
bumped un to the senior photo interpreters who can elect to
visit them during their next flight to resolve the confusion.
A very small portion of the problem areas may require on-site
inspection, but in most cases a low overpass and circle by the
aircraft will be sufficient. Other than that, there should be
little addirional actual on site ground truth required once the
final internretation classes have been refined and the visual
reference key understood by the team. Typically, some 149 non-
overlapping classes will be selected; around 60 covering
agricultural land use, 15 classes of intrastructure, and 2%
of natural vegetation. Other classes might describe erosion or
reclamation activities and a miscellaneous or trash can class.
The interpreters record data directly on a tabular sheet which
allows efficient visual checking, and the senior interpreter
continuously monitors the performence of the internreters to

achieve consistancy of results.
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Appendix 3

Sample Analysis and Precision

Aerial Point Sawpline is o three level system of the
primary unit (rhe [lizht lines), secondary units (the photographs
taxen at spaced intervals), and the quantification of land cover
in each nhotograph. PBecause administrative divisions, cr defined
areas within a tvoe (example: communes) .are different geographi-
cal sizes and therefore contain different amounts of the primary
sampling unit, expressing the estimates as densities eliminates
the intluence of sample unit size on the sample size and the
sample wvariance. [1f{ we consider one crop at a time, the basic
calculation of this ratio is as follows:

z = the area of the primary sample unit

y = the number of crop hectares ennmerated along the
primary sample unit (calculated from the individual

photographs)

R = rotal hectares counced Ve

total area counted éz p

* . , - .
v, © the survey estimate (Y) for that crop is
Y = R,

where 7 is the total area under survey

The precision of a survey estimate is calculated as follows:

SyZ = the variance between the numbers or hectares in
all sample units
Szz = the variance between the areas of all sample units

Syz = the co-variance between numbers or hectares and
the arcas of the sample unit

= the variance of a survey estimate is

Var(¥) = ggN-qlx(Syz—lxRxS‘z%RySzz)
n

with standard error SE(y)=V@ar(Y)

where n - number of sample units in sample
4 = total number of sawmple units from which

sample is drawn

The 95% confidence limits of a survey can be caleulatcd
by multiplying the standard error by the t value of n-1
degrees of freedom and will improve with the increase of either
gy or Fz. ln other words, an estimate for a iarger defined
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area will lwavs be more precise than the estimate for a smaller
defined area (unless rhe amount of primary sample unit - {light
lLines - are increase ] over the smaller unit), and the estimare of
a crop with 107 cover will always be more precise than the esti-
mate of a crop with onlty 57, rover,

The influence of these factors at a piven sampling intensity
is shown on Table | where the columns of the table represent
defined aren of differenr sizes (in square kilometers); the
rows of the table represent the mean densities of artifacts or
crop areas,; and each cell in the t2ile shows, for a eiven mean
density and area, tihe standard error (expressed as a percentage
of the mean) of 957, of all survey estimates. Therefore, this
chart can function as a1 simple look-up table to determine the
precision of any particular estimate within that survey.

Given the wide diversitv of creops under culvivation in
Rwanda, rhe sampling intensity for an acceptably accurate
survey will be determined by the median size of the smallest
set of detfined areas. In Kenya, which is divided by Districe,
Division, and Location, these are Locations which have a
median size of around 200km?. In six years of surveys covering
over 1.2 million square kilometars, EcoSystems Ltd., has found
a {light line spacing of 2.5km with a point sample photograph
every ¥ilometer to be adequate. At 6.2 hactare coverage, this
represents one sample per 2.5 sq. k or 1.6% coverage.

In Rwanda, the smallest defined area would be the communes,
which have a4 wedian size of 135 sq. k, but also appear to range
from 10sq ¥ to 840 sq. x. [n these circumstances, I recommend
plotting out the communes on the flight maps and actually
adjusting the sampling intensity, compressing the flight lines
over the smaller units and expanding them over the larger or
less densely cnluivated. Tt may also turn out that because of
the extreme fraesmentation of the Hwandain fields or the types
ot ¢rop combinations involved, they arve difficult to interpret
even ar the it centiweter = 7 metevs scale. In that case, we
will have to increase the scale of the photographs with a longer
tens or lower attitude and then,corresnondingly, increase the
nunber of frames exposed at each sample point 50 as to maintein
a 4 lhiectare sample (a preliminary review of the test flight
coverace scems to indicate that this will not be necessary).
Since these determinations of adequacy are both subjective and
subject to cost, I have included a range of oprions in the
budpet.

Two other factors rhat might have a major affect on the
results of the survey are ervors and bias in the actual flights

or interpretatior of the imagery. [Lrrors and bias are two very
different things. FErrors are random and their cumulative effects
cancel out. They affect the precision of the survey estimate

and are quantified hy its standard error and confidence limits.
In contrast, bias is an error in a consistant direction whose
cuulative effect does not cancel out. DBilases can result from
the desipgn of the surveyv, from the way in which it is flown, or
fi m rhe analysis of the photopraphs. They can atfect the
accuracy of the survey, but can be controlled or held constant
and compensated for as long as simple precautions are taken.
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For example, it s conceivable that the flichr line spacing,
might harworize exictly with some feature of the landscape.  This
possibility is miniwmized by orientating the flivhe lines so thar
they cut across the dominant reliel and drainage features in the

i
1
i

surveved area Hoveser, rthe variances of the estimates from a
systematic sample are g lways biased in an upward (positive )
direction. Parinites ron o systematic samples are therefore,

always more precise rhan indicated by tihe caleulated variances.

Bias con arvise from rhe wav in which the ajrerafe is flown,
from inaccurare navication, poor speed control and peor height
control. However, the flipht information coilected during the
survey is used to test wiether such biases ave present, to esti-
mate their magnitude, and to corrvect them betore the data are
analysed.

The GHS50UA navigation system  virtually eliminates bias
from wross errors in navization, The accuracy of the GHS system
has been rested by comparing the GHS lat/long; readout recorded
when the camera was fired against the lat/loug derived from map
sheets. The photographs were first plotred on to nup-to-date
1:20,000 scale black and white aerial photographs before being
transferred to 1:50,000 topographical maps. On a sample ot 300
comparisons, the mean error in the GUS navigation system was
found to be 180m's (iahle 2), which is almost certaivly an
over estimate,

The height above ground level of the aircraft and n +ained
by the radar altimeter is recorded every time a photogrs, . is taken
s0 that the scale and area imaged can be calculated exactly.

This removes any bias from inaccurate f{lying. However, if the
aircraft is in a straight and level altitude but che ground
heneath it is sloping, the area photographed will be larger than
that calculated from the heipght above ground level. The slope
of the ground relative to the altitude of the aircraft is,

therefore, another pctential source of bias.

Table 3 shows the slope angle of the pround under the air-
craft for each of 4,200 sample photographs. Also shown is the
"correction factor', namely the amount by which the area of each
photograph calculated from the height above ground level must
be multiplied to take the slope into account, assuning that rhe
direction of any slope was parallel to the direction of flight.
Over the whole set of photographs, the mean correctlon factor is
only 1.0080, so the influence of rhis scurce of bias is negligible.

[n general, bias from photo interpretation is minimized
first bv training rhe photo interpreters on the interpretation
ey being used, and second by carefully monitoring and checking
their verf{ormances while the photographs are being analysed.

The presence of bias can be detected by carefully re-
analyvslng a sub-gample of photographs, treating the recounts as
ziving the more accurate information. Table 4 shows the results
of recommting the number of houses and other buildings on a sub-
sample of 424 photographs. Over the whole sub-sample, the recount
gave a fipgure of 1,886 buildings compared to the original count
of 1,818 buildings, a difference of 3.7%
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The wost inportast vaca derived from the 3%5um diapositcives
are the estimates of crop area, culvivation and other aspecrs
of land use.  Table H» presents an analysis of a recount of 116
"areas'measured ot o wample of 35mm diapositives. A toral of
258 recounts were carrviesd out on areas ranging from less than
57 of rthe tield of view o over H00, of rhe field of view. 1In no
case are anvot che rvrecornts sivnificanctly different from the
original counrs.
Whereas the data in Tables 4 and 5 test vhe consistency of
the photo interpreters vnder operarional conditions, a controlled
experiment =as set up to test if rhere was any bias in the esti-
mation of sizes and shapes arising from che desizgn of the dot
prid itself Seven areas were chosen (Table 6) ranging from
G2 m® € 1670 wd at the averase interpretation scale, the expected
number of dots ranging from | oto 40, Each ares was counted in
seven dif{ferent shaves in which the ratio of length to breadth
varied trom 1:1 (Shape A) to 1:25 (Shape ). Shapes A-E simulate
fields, while Shape F simulaves lony thin linear features such as

roads and hedges.

Fifty dot counts were carried out on each combination of size
and shape (Table 7). The first important result is that none of
the estimates show any bias, and in no case is the mean estimate
of a4 size/shape combination significantly different tfrom the
expected valne,  Furthermore,the standard errors of the estimates
are 11l acceptably small. The dot grid is, therefore, providing
accentably vrecise and apparently unblased estimates of areas
of different shapes. Indeed, a two-way analysis of variance
(Table 3) shows that the shape of the area is having no influence
ar 1Ll on the number of dots being counted; the only influence
comes from the size of the area,
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Appendix 4

Option for Geopraphical Information Systems

The users quide rfor rhe TJCIR's Point Information Management
Syszem is included in this appendix and contains an exhaustive
explanation of the program with examples of data output. However,
a more peneral discussion of G.1.3.'s is warrented, since these

steime pave been snbject to misunderstandings that lead to
ippoinement on the part of the end user about their capacities

and Limitations.

i B

Partv of this confusion vises fromthe fact that the range
of apparantly very similar G.I.S. programs available actually
represent a case of converpoent evolution, in as much as they
develoned from two different disciplines with different objectives;
resource management and cartography. To oversimplify this
history, there are two basic types of G.I.5. which are oniy
partially compatible at the P.C. level. The vector based system
stoces sand expresses data as points, arcs, and polygons. It
erew out of the computerization of cartographic plotters where
the emphasis was on digital elevation models and the qualicy of
map products,  ARC/IFN {rom Environmentil System Research
Institute of 2edland, Ca,, represents state-of-the-art for this
tyne.  The other type of G.I.S. files data in reference to cells
within a spacial agrid. They are the result of rescurce manage-
ment pro;ramns concerned prlmaxlly with the efficient tabulation
and comparison of atributes. Map vreparations are limited to
rhematic disnlays of revelent cells, but data manipulation is
faster and more efficient. Ofcourse, as the systems attempted
to co-exist, programs have developed to vectorize grid cells
and rasterize vectors, but they can be slow and difficult to

onerate Aat Lne micro- LOHPHL er level. For instance, E.S.R.T.
has a prid cell conversion vrogram in their main frame program
but not ”.C. - ARC/INFO. On the other hand, proponents cf

Michinan wr'Leq Comprehensive Resource lInventory and Evaluation
System (C.R.I.E.S.) which is prohably the state-of-the-art grid
program, _ldlm ro le abie to produce maps indistinguishable

from a vectar based system.

P.1.1.S. is firmly esconced in the grid system. Therefore,
if S.E.S.A. or ASPAP wants to expand its capacities to produce
maps or fermat digital elevation programs and terrain feature
analysis (line- of-site determinations or detailed slope modeling,
ete. ), ‘r will have ro add on additional systems that remain

compatible with the oripinal data base.

The Technosynthesis land use maps are available on computer
tape, in a rasterized and multi-strata form. These could prove
an invaluable data base to the progpram, but will probably have
tn be reformated to whatever system is used.

I've talked to proponents of both systems and remain
confused myself as to their relative virtues. However,

-26-~



ARC-LNFO costs 315,000.00, whereas Z.R.1.E.S. project at
Hichigan State supplies their program on a non-profit basis
for $1,000.90. Algo, Scovt Witter has said they could convert
the Italian tapes fov tie project.
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CHAPTER 1: Overview of PIMS

1.1l. The Qoncept of a PIMS Daia Bace

A PIMS data base is made up of a set of data records each of which
represents a unique sample point, The sample points are spread
throughout the geographical area for which the data mse is created.
They can be distributed rarrvmily, or systemtically, at an even density
or at variable densities. They @n be systemticlly distributed in
some parts of the study area, and randomly in others; and at varying
densities in both.

If recessary, the manple points aan represent the precise location at
which an observation was nmade, for example from a sample aerial
\ iraph. Altermatively, they mn represent the centre points of UMM
grid celld, or AVHHR pixels, or the centroids of a set of polygoms such
as population census zones,

The sample points an represent whatever the user of PIMS needs to set
up his data base. However, they set the ultimate resolution of the PIMS
data bnge, for data cannct be integrated, stured cr amiivsed 3t a
resolution fiper than that of the individual sample points,

PIM5 recognines mch individwl sample point by a unique tzansact/sub-
unit code (the etynclogy of the transect/sub--unit dates fram the early
origing of ©IM3), and there is a one-to-one oorrelation between an
individwl sample point and an individual record in the data base, Both
share the same transect/sub-unit oode.

The first step, therefore, in creating a PIMS data base is to establish
the precise incation of the sample points and their unique
transect/sub~unit codes. An overlay, at various scales, is also
essential, so that the mample points an be physically represented on
mape and other thematic material,

The nex: w=tep Is to assign the sample pcints to whatever polygons the
user wants. These polygons can be pistricts, pDivisioms and Locations;
population census units; agro-ecological zones; altitude or slope
classes; AVHRR/NIVI strata; distano: from roads or rivers; catchment
areas of boreholes, hospitals or service centres; soll types;
vegetation zones; or UM grid cells.

The polygons fulfill two purposes in a PIMS data Imse. First, they
allow any data associate] with a set of polygons to be inocorporated
into the data lmse. For erample, the characteristics of each soil type
can be brought into the data base; or the population density and age
structure within each census unit; or the transport cost at varying
distances from a rcad; or the climatological variables associated with
each agro-ecological zone, Second, the polygons are used for the cutput
of data,

These ~re the two basic functions of PIMS, which permit PIMS to
integrate data from different spatial units, For example, rainfall can
oxre into a PIMS data tmse by agro—ecological zone, and be tabulated by
bistrict, Or population density can <ome in from census units, and be
tabulated by soil type, and mpped by UM grid cell. mata are in effect
"atonised™ at the sample point level, and are later condensed again in
any appropriate format,
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The data structure of PIMS is very simple. All data variables are
assoclated with all sanple points and with all dhta records, and every
data record has a value for every voriable in the data tase,

Assume, far example, that the sampie points are coded for Districts,
There will be a variable i the data tmse called "DPISCODE", which will
have a set of permitted values, such as "01" for Kericho, %02" for
Kiambu, "03" for marok, and so on. Fach sanple point is associated with
an individual Dpistrict, and =0 is each data record. Fvery record will
have a value for the variable "DISCODE".

The sanple points nay also be oxded for -distance fram a ‘min rcad.
Main, the data tase will hold a variable alled "DISTRWD" with values
“01" for within Skm, "02" for within lukm and so on, Every data record
will have a value for "DISTIOAD".

" ~re might b2 a transport ccst "RANKOST" associated with each value
ott "DISIROAL", 50 units for within Skm, 260 units for within 10km and
50 ), Every data record will tave a value for "TRANCOST". It will come
into the data base in the form of a lock-up table, which will give a
value of "TRANOTST" for each value of "DISTROAD". Once the data lase is
updated with TRANCOST, then the average transport cost for each
District aan be alculated.

By atomising all data at the sample point level. PIMS provides
instantareous overlzys of all polygons and their data, in any
combima _icri. Fuctheomore, since every data record has a value for every
varizble, it is straightforward to recanbire and modify variables in
the data bmse.

PIMS follows the oonventions of the diaseIll standards, so all data
files and output files are freely transferable between packages, PIMS
provides data integraticn, and does not attempt to emulate statistical
or mapping packages, Data may be transferred to such packages for
processing as and when required.

A fimal point to note about PIMS is that it is designed for regiomal
applications at reconnaissance level. Typical PIMS data bases cover
arcas of between 5,000 and 60,000 square kilometres, with a resolution
of one sanpie point to 3km2 in the smaller areas and perhaps 1/25Km2 in
the largar arcas. PIMS is not designed for high resolution cata bases
in stall study areas,
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PINS Pentures

Fropamming language

PIMS i= a sulte of nodular programmes written in Clipper (Winter '86)
which is a conpiled version of the Ashton Tate dBase3+. Although a
detailed knowledge of dBaseds is ot required to use the PIMS system
successfully, a passing knowledge will be of advantage.

Since all PIMS data files and data structures follow the dBase3+
conventions, it is easy to transter data to ard fram PIMS, For exanmple,
completed Tables can be sent to any word processing package to be
included into a Report; or data can be sent to Lotus 123 or to a
statistiml package for sophisticated modeling or amlysis,

~rdinrty, wuriables and Piles

projects

In the PIMS environment, individual data lases are identified by a four
character Projoct Code. All data reside in a directory mmed with this
gsame code, and all data files have the code as the first four
~haracters of their rames. A special file in the PIMS directory culled
the Projects Pile keeps track of all projects created by PIMS,

varilsbles

Pach variable in a PIMS data tmse is identified by a two character
code, a data type, a short name, and a full mame. The unique two
charactaor aode is generated autaratically by PIMS and is used primerily
for interral housekeepirg purposes. They are mostly transparent to the
user.,

The data type tells PIMS where wariables are, and vhat to do with them,
Five data types are recognised, class, index and numeric, and two
special 'CC' and 'DD' types which are held in a mackes format,

The eiyht character short names are used for all routire data base
applications, and form the oolumn and row headings of Tables, In
contrast, the 40 character full nrame allows a much more complete
description of each variable, and ts used in Table and Map headings.
Furthermore, each value of a class variable has an individual short
mme and full rame,

Fousckeoping

1.3

PIMS tes very efficient housekeeping functions which keep track of all
activities. File rames are generated autcmatioally, and only the
description of the file must be entered. A snecial riles ¥ile,
residing in the PIMS directory, holds details of all crested files.
PIMS even selects the most appropriate file for each application, This
selection is uswmlly correct, but can always he overruled, All other
aspects of file management and variable maragement are transparent to

the user,

PDMS Syntex Modules

PIMS consists of five modules all driven by menus, the opening system
menu giving access to all system modules. The user operates along

branches spreading away frcm the opening menu,
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MOOULE 1: Creete New Pruject

By creating a small, self-contained project holding just those
variables of interest for just the areas of interest, a planner aan
concentrate on the data of inmediate importance to him, and keep his
special files, data and arnlysess separate fram all other users,

Hint: It is alse extremely useful to have a snll project for learning
the PIMS rout.nes 6n and for trying out the data retrival and
menipulation procedures.,

The user first enters a four character Project Qxle and a description

of the project which are entered into the Pprojects File. PIMS then

creates a mew directory mmed with the project onde, and all project

files and project data reside within this directory. Furthermore, PIMS

uses the project oxde as the first f{our characters of all file mmes
v for the project.

The user next selects all, or a range, of data records fram the data
hase and all, none, or a range, of variables fran each data record. The
short rmmes of all variables are displayed an the screen and the user
simply indicates which ones are wanted, PIMS then copies the requested
data records and variables wer to the new directory, naming the files
as it Jdoes so.

MCODUIE 2: Data Retrieval

Creating a Table

[Rta are retrieved from a PIMS data tnse in the form of Tables,
The rows of the tables are restricted to one of the class data
variables, while the columns of the Table mn be any varlable in the
data base.

From a screen display of all short rames, the usar simply selects a row
variable and a colum variahle, For example, selecting Divisicrs and
Maize will produce a Table shcwing the hectares of mlize in each
Divigion (Table 1).

The five data types are treated somewhat differently in  the table
routines. Nuweric, 'DD' and 'CC' data types are totaled within each
selected stratum to show the total numbers or hectares within each
(e.g. Table 1), In contrast, index variables are averaged amd show, for
example, the average slope angle within each Division (Table 2).

Class data are treated quite differently in the Cross Tabulation
routines. These produce a Table showing the area {in square
kilometres) of each value of the class variable within each stratum.
able 3, for example, shows the square kilometres of land classified
as beirg of 'High', 'Medium' and 'Low' potential in each Division,

A third kind of 'mble is the Frequency Tble which amlyses the area of
each stratum and the nunber of sample points falling in each (Table 4).
They are used primarily for validating a new stratum, or class
variable, after it has been entered into the PIMS data base, They are
also used to validate the selection of only a few out of a range of
strata,

A Conditicn man Le deiined when creating any of these Tables, For
example, Maize "above 500 meters"”.
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taniculating Tables

During Tabie creation, PIMS restricts Tables to a single row variable
(e.g. bivisions) and a single colum variable (e.g. Maize). It does
this tc keep things as straiabtforward as possible, and so that each
able can be checked individually, Subsequently, the Tables <an be
nanipulated in many different wys,

Tables mn ke merged so tint their data appenr togethier, For example,
Table 5 contains tle data on Maize from Table 1 and Average Slope
tngle fram table 2.

Hierarchical tabulations are achieved by -nding Tebles onto one
another., Thble 6 shows the population for each Division follewed by the
population for each location in each Division, This was achieved by
making individual tables of population for Divisions and Iocations, and

then appending them,

Mew \ariables an bte made in a Table once it has been created. In
Table G, the new variable POPDFN displays population densities as
ofpoced to population totals, It was mde by dividing the variable
POP79 by the AREA of each stratum,

MOULE 3: Plle Mamgewent and Utilitles

This module contains a useful set of file mamagement routines and ille
utilities. 1They allow a user to find out all about the files relating
to a particular project.

project Description

This facility list all information on all files in a pProject, It allows
a user to cbtain a complete listing of all data variables and all cata
files, with their full descriptions.

File catalogue

This provides a printed atalogue of files for a given project. The
catalogue can contain all the files or just a selected file type, for
example cnly 1sble files, The ctalogue lists the file rame, date of
creation and a short description of each file,

File Structures

These routines list the structures of all, or selected, files, The
structures show the file mme, the date of creation, the number ¢
records in the file, and the individual variables, This is extremely
useful for the precise identification of files. Up-to-date file
structures should always be cbtained when creating new variables fram

existing variables.
rile Contents

nhese routines print the contents of all, or selected, filles in a
standard format,

File Maintenance

These consist of a number of specialised utilities for file
ma intenmance.
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Backup and Restore creiates tackup coples of files, and later restores
them to use. FExport Files allow files to exported out of the PpPIMS
environment for use by other software packages such as Lotus 123,
dBase3+ or SpsS.

Selective Copy and Merge allows selected littls hits to be cut out fram
a nuwer of files and meryed for polished data presentation, Delete
Variables allow wmanted veriables to be dunpad, while pelete Files
allows whole files to be deleted fram the system,

Change Defaults

This allows the current PIMS configuration to be changed. PIMS @an be
switched between Projects; entire projects man be deleted; printers can
pe cranged; and new anes defined for PIMS to use,

MODULE 4: Grid Sgmre Mepping

UM grid cells form extremely convenient theimtic mapping units, ard
any variable or combination of variables in a PIMS data tase can be
mapped, These UMM grid cell maps provide a significant aid to
development planning and oconpliment the always somewhat dry data
tabulations by showing the distribution of resourocns throughout the
planning area,

Crating Maps

Map Files are really just specialised Table files, only the data are
tabulated for each individwl UM grid cell. Trum a full screen display
of ali variables, the user simply selects a variable for mapping.

tureric data types are converted to show the numbers per sqare
kilometer or the hectares per square kilometres within each grid cell,
Thus, a grid cell map of naize will show tle hectares /km2 in each
cell, while ane of population will show the numbers of people /km2 in
each grid cell. Index data types are averaged, as they are in normal
Tables. A map of elevation will thus show the average elevation in
each grid cell,

Class data types are treated quite differently and are presented as the
most  frequent valuve in the grid cell. A map of agro ecoclogical zones
will thus show the most frequent value for AEZ in each grid cell,

printing Maps

Maps an be produced for the whole of a pianning area o for a selecte.
part of it (known as a "winckw"). Headings and legends are provided by
the user at the time of mapping, and a map key 1is created
autoratimlly. The map key refers to the entire map; but if a window is
printed PIMS makes a semarate key just for the window, but does not
store it permanently,

Manipulating Map Files

Map files wmn be manipulated in same kinds of wvays as other files.
Files can be merged so that a single file contains many variables for
each UIM grid ll, new data variables an be created, and files an
be exported to other software packages,
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MODULE 5: #edify Data fnsee

PIMS provides powerful routines for modifying and updating a data tase,
The three important routines are Create New Variables, Input a Lookup

Table ard Input a Hew Stratun,

Hinty New users are strongly advised to practice these procedures on a
amll test project cremated specifically for this purpose.

Create Hew Variables

bew variables (Mewvars) an be created at any time in a PIMS data Imse,
and they differ frum new vacriables in the Tables or Map files in that
these routines mke a penmnent change to the cata ase, PIMS places
Lwo important rcstrictions on the ways 1n which Newvars are
created ard cdata variables are aanipulatad,

First, a npew variable must be defined in full to PIMS, including the
Two character oode, the dhta type, the storage requirements, ard the
short and full names, before it can be entered into the data base,

second, no variable already eaisting in the data mse wn be modi fied
directly. It must first be copled into a new position with a new rame,
nhese two restrictions avoid the worst sort of disasters in which
inportant data variables are overwritten or modified by mistake,

Newvars are created interactively using the dpase3+ lanyuage, using
the variable codea. Tnis is the only place in PIMS where che codes are
uged, and it ls most advisable to have a recent listing of tne
structure of the position File before startirg to modify the variables,

Using the dease3+ language potentially gives enormous flexibility to
the wiys in which data variables can be manipulated and transformed.
In principal, population might be projected to ten and twenty years
ahead to generate insights into demand for land and services; or
elevation, temperature and rainfall might be related through a
regressicn equation to predict the yield of a certain crop, Data
might also be manipulated to create mew  class variables, of crop
guitabilitiea, or land potentials, or areas of projected
surplus/deficlt of resources. These new classes an themselves form

rew strata for amalysing data.

In practice, however, the PIMS routines are deliberately restrictive,
and the user I8 encouraged to carry out caplex data manipulations
ouigide the forrml PIMS environment, using dpasel+, Iotus o SPSS. The
PIMS data file will not be affected by this, so long as tho n~'
variable as been defined in advance to PTMS, and so long as the tasic
structure of the data file is not altered. It is most adivsable to make
a copy of the position File (using selective copy) before medifying and
manipulating data varlables,

Note: The '[D' and 'CC' variables tlat are held in a packed format

cannot be manipulated until they are unpacked by ccoverting tham to the
'N or ID format ard passing them up Into the main position rile.

Input New Loor-Up Tables

carpletely new data are entered into a PIMS data tase in a way very
similar to that in which data are retrieved fram it, In data retrieval,
Iubles are created whlch sumarise selected data for selected strata,
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for exanple maize hectares for each Division. In data ¢ :itry, a Look-Up
able is created which ontains ew data for the same set of strata.

In this way, any data relating to any existing stratum in the data
base an be entered by mans of a [Look-Up table. For exanple, data on
crop production, health and school attendances which bhave been
oollected for all (or same) [ocations @an be entered by simply creating
a [Look-Up table, In the sane way, all data associated with the agro
ecological zones an be entered into the data tase. This is cne of the
most powerful and useful features of the PIMS software.

When creating a [ook-Up table, the user first defines to PIMS the
strata (for exanple Divisions) and each of the variables to be ontered
(in terms of oxdes, dta types, and mmes). PIMS then creates the
Look-Up table ready for manual entry of data. The look-Up table can
then be listed, wvalidated and edited hbefore the data are fimally
entered into the data tase. Table 7 shows a look-Up Table holding the
rates of population increase in each Division,

Once the the [ook-Up table has been created by PIMS, the data may be
entered into it by any other programme (dBase, [otus, SPSS etc) just so
long as its basic structure remains unchanged, This gives quite
extraordinary flexibility to the ways in which data <can be
manipulated, Data can first be organised and retrieved in the
form of a Table; exported to a statistical amlysis mckage for
detailed amlysis; and then the results can be taken back into the
data base in the form of a Look-Up table.

Input New Strata

It may sanetimes happen that a completely new set of strata are
required in the data base either for for data retrieval, or for data
entry, or for both, Examples might include special development areas
within which different approaches to development are planned;
geological strata for investigating mineral potentials; or atchments
and sub-catclments for watershed mamagement.

In each of these examples a new set of strata must be entered into the
data base. This is achieved by simply assigning each individuml data
record in the PIMS data kase to an individual stratum. PIMS has simple
routines for doing this, and for checking that all records are
assigned, that no record is assigned to more than one stratum, and
that no rogue or non existent records are entered.

The data identifying a new stratum i{s entered from a From-To file
{Table 8). Here each record assigns a set of data records to an

individual stratum.

Once a new stratum is entered it aan be used for both data retrieval
and for data entry. It {s used in data retrieval by selecting the new
stratun as the row variable in a Table. It is used in data entry by
selecting the new stratum as the basis of a Look-Up table,

Hint: Two important tests should be aarried out before a new stratum is
used. First, mke a frequency table and check that the areas agree with
the map. Second, map the stratum to cnsure that all TR/SUs were

assigned ocorrectly,

-38-



2.1

- bnge Al.12 -

QHAPTER 2:i SYSIEM STRUCTURE

Disk Mamagement

Selecting The pisk Drives

PIMS will run on any combimation of disk drives, but is most usually
configured to run on a hard disk, In any event, run time prampts at the
opening menu allow the desigmated drives to be changed.

The PiMS Directory

The PIMS programues and system files must reside in a directory mlled
PIMS. This directory will contain tle following files:-

PIMS . .BAT a tatch file to lond the programme
APS, FXE the PIMS prograimes
BCCSYSIMS. 551 control file with configuration data
SKELETON, DBF a skeletn file structure
APSREPLY.PIG must be there to fool MS.DOS
PROJECTS . DBF a housekeeping file logging all PIMS projects
FILES.DBF a housekeeping file logging all PIMS files
rame ., PDF printer definiticn files

Raning PIM5

PIMS

PIMS can be run in two ways. 1he most oonvenient is to include a path
to PIMS in the normal AUTOEXFC.BAT file. PIMS can then be run from
anywhere on the disk sinply by typing PIMS. Alternatively, go to the
P1MS directory (ad4PIMS) and lcad PIMS.

Programming Lanpage

PIMS is written in Clipper (Winter '86), a compiled version of dRase3+,
so the data files and data structures all follow the conventions of
dBAsed+, Although a detailed knowledge of dBase3+ is mot required to
use PIMS successfully, a passing knowledge will definitely make life
easier,

1he great advantage of following the dBase3+ standard is that PIMS data
can be easily transferred from PIMS to other packages, 3uch as dBasel+
itself, LOTUS 123, SYSTAT, SPSS among others. Similarly, data created
by these packages can easily be taken into the PIMS data base
environment,

It is therefore possible to gain access to the PIMS data files "through
the back door" by using dBasel+ rather than PIMS, However, users are
strongly wvarmed against doing this. PIMS is a very tight system, with
numerous cross checks and housekeeping routines. If you break in
through the back door, the system may well crash in some spectacularly
unpredictable ways. Users are also strangly advised not to crash out of
PIMS (Alt C) instead of going out through the menus. Although this is
often a bore, it allows PIMS to tidy up all the work files ard put the
data safely to bed,.

Project Directories

All the data files for a PIMS data lmse reside in a project directory.

This directory is mamed with a user selected, four character Project

Oode, All data files for this project have this four character ocode as
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the first four characters of their name, and the vode is stored, along
with a description of the project, in the Projects File in the PIMS
directory.

Wen using PIMS, the first soceen prampt is to select a project. The
four character code is entered, and this sets a path to the correct
directory. ‘Itw pmth is changed whenever a new project is selected.

Whan a new project is crented, by selecting a sub-set of data fram the
min data tase, PIMS stores the oxe and project description in the
Projects FIle, creates a new <directory, and sets a new path. PIMS also
rerames all files and data transferred across into the new project,

When a project is deleted, PIMS deletes all files in the directory,
deletes the directory, and removes the project oode and description
fram the Projucts File,

HINT: If a project is deleted by mistake, use undelete utilities (such
as NORIWN), First undelete the directory; next undelete the files, This
will work if you undelete immediately, and have not done anything else
on the disk., You will then have to use dpasel+ to put the project code
and description tnck into the projects File; and the rawe of every file
and its deqcription into the Files File, both in the PIMS directory,
Good Luck! it is best not to delete the project by mistake.

Housekeeping

2.2

PIMS las very exact housekeeping routines to help you along, especially
concerning files. Every file is mmed by PIMS when it is created, A
full description of the file must be entered, after which the mame and
description is stored in the Files File in the PIMS directory. The file
descriptions are important. They remind you what is in the file when
you come back in six months,

when creating and maming a file, PIMS automatically selects both the
correct file type and the correct generation number, Generation numbers
run from 01 to 99, after which files must be deleted before new ones
can be created (PIMS fills in the gaps when files are deleted),

when deleting a file, PIMS removes it fram the directory, and purges
itg rame and description fraa the Files File,

Generally speaking, PIMS will always select the correct file and
generation number for whatever routine i3 being used, the convention
being that the most recently created files is the one that is to be
worked on. However, this selection can always be overruled,

mta variablea

All variables in a PIMS data lmse are described by their code, data
type, field width and decimal points, short name and full name, These
details are stored in the Code File (Table 9), and the PIMS
housekeeping routines updates the Code File when new variables are
created, and removes them fram both the code file and fram all data
files if they are deleted. A deleted variable is truly deleted, and
there is no way of bringing it back to life.
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Qodes

Fach variable is defined by a unique two character Oode. These oodes
are generated autcmatically by PIMS amd are used nmainly for intermal
housekeeping, There remains, lcowever, one routine where the codes must
be used.

Types

PIMS recognises five Dmata Types, class, index ard numeric, and two
special 'CC' and 'I'D' types that are held in a packzd format. The data
type tells PIMS where the variables are, and how to use them in the
data base routines,

Class (Type CL)

Class variables have discrete values which cannot be treated
mathematially, Thus, the class variable "Nation®™ might have the values
‘ol', '02' and '03', indicating 'Emglish', ‘'French' and ‘Amnerican’,
Table 10 shows the values of the class variable 'District'. Each value
is quite distinct; there is no such thing as an 'average District',

In the PIMS environment, these class variabtles usually represent
oontiguocus geographical strata. They have two important uses, Firsts
they are used to analyse data (Table 1), each value of the class
variable forming a row of a Table. Second: they an be used to create a
Look-Up Table for entering new data into the PIMS data base,

Nmeric (Type M)

Numeric data types store totals; the total hectares of maize, the total
nunber of people, the total number of houses, the total hectares of
mtural vegetation. When amalysed, numeric variables return the totals
within each selected stratun (Table 1).

Index (Type ID)

Index data types store oontinuously varying values which are to be
averaged rather than totaled. FExamples are slope angle, elevation,
distance from towns, maize ylelds (Tonnes/ia), rates of population
increase, Withir a stratumn these values are averaged (Table 2) to give
the average slope angle, the average elevation, the average maize
yvield, the average distxnce to towns,

Special Camses (Types 'CC' and '™')

The 'CC' and 'DD' variables are nuneric data types, derived from sample
aerial photography, and packed in a special format to reduce disk
storage requirements, 'CC' variables generate total mmberg (the 'CC'
indicating a count on an aerial photograph) and 'DD' variables generate
total hectares (the 'ID' indicating that tha data derived fram a dot-
count on an aerial photograph).

Mote: Some versions of PIMS nay show 'SC' variables. These are derived
from strip counts in low level air surveys, they are also stored in a
packed format, and they gererate total numbers (of animals) like the
'CC' varjables,

These variables are packed to save disk storage but are accessible for

analysis by the ordinary PIMS routines. They cannot, however, be

manipulated or changed while they are packed, but must be first
41~



- lge AlL.1S -

unpacked. There is a special routine in the Modify Mmata Base module for
doing this.

Field width and Decimals

his defires the width of the data field required by a variable, and
the number of decimal places, ‘Ihiese follow the dPase3d+ conventions, in
that the decimal point is imncluded in the field widtn. The field
XxXX.yy is thus defined as width=7, decinals=2,

Saoct ard Full kames

The short and full rames are used by PIMS as column headings (short
names) and Table headings (tull names). The short names are
particularly important, for they appear in all variable selection
routines, The eight character shoct mames should therefcre give a good
indication of wlat the variable 1s, The mme ¥X01/4 is quite walid, but
means little to the casual obeerver, In contast, POP79 suggests the
variable las sawething w do with population numbers In the year 1979,

Impoortant Note:

The individimal values of each class variable also tave short and full
mame3 (Table 10). The short rmames, however, must be chosen with care
because they are used to create wariakles mames in cross tnbulation
routines. Therefore, the short remes mest begin which a character; and
@an wontain anly the characters A - 2, 0 - 9, and the underline; in
other words they must conforn to the dpase3d+ convention for variable
mney,

Defining a New Variable to pims

Any mew variable entered into the data tmse, or created within the data
base from existing variables, must be defined in full to PIMS, PIMS
automatically selects the two character code, using the next one
available while avoiding certain illegal or reserved codes. The user,
hawever, must enter the data type, the field width and decimals, and
the short and full rame. These are all stored in the Code File.

Control wariables

PIMS makes use of a number of control variables which are mainly
transparent to the user,

TRSU N 7.0 The transect/sub-unit uniquely oodes each record
in the data base. The TR/SU also relatern
directly to an individuwal sample point within
the study area which is defined by the same

TR/SU code.
TR N 4.0 The individual transect number.
SuU N 3.0 1te individual sub-unit rumber,

Big A N 8.2 The arem (km2) represented by each sample point
in the study area.

Little A N 8.2 The area (hectares, of each sample photograph at
each sample point (if sample photographs were
used as a source of data).
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NSAMPLES N 5,0 Peturns tre nunber of sanple points fallimg in
any stratun of the dita lase,

XYL C4 The =YY intermal code for 7IM aqrid cells. tote
that althogh this is a Class variable it is rmot
available for use as a stratun since tl2 owie XY
is reserved for systoom oo anly,

AL C 4 A oopy of the XYi, variable, This Class variable
is awvailable for use, either for making tables
of XY values, or for enterirg into the data base
data ~waanised by 1M grid sjuates,

Three of these variable concern the user of PIMS, Big A generates in
avery table the arex (in wopare kilometres) of every stratum, while
NSAMPLES generates te nunrer of sanple points in each stratun (see
mable 1). These are useful, for they an te used for weighting the rows
of the Table should the data e exported to a statistical programme for
amalysis,

e third important control variable is the TR/, This identifles
uniquely each individual record in the data base, and it relates
directly to a snple point in the study area. “he TR/SU are used to
define new strata to the PIMS data base, by assigning each sample
point, and therefore each data record, to an individual stratum,

PIMS FILES
Nimes
File rames are created autamtically by PIMS fram the project code, the

file type and the generation nurber.
e file rame DRMOPS)) is thus made up as follows:-

Project: MO
File Type: s Postion File
Generation: 01 The First PS File Created

All files with the same project oode reside in a directory of the same
rame. fach file type is used in different parts of the PIMS data base
routines, and the generation numbers are upxhbted automtically whenever
a new file is created,

There annot be more than 99 generation nunters for an individul file
type. Files must therefore be erased fram time to time, after whirh -
generation nuwbers are created, filling in first any missing gaps.

File names are all stored in the Files File which is found {n the PIMS
directory, alovg with the user-supplied description of the file. These
descriptions are important for they remind the user as to what is in
the file. File rames are erased frum the Files File whenever a file is
deleted.

The Main Data Base Files

Four kinds of files hold all the PIMS datz and control variables. These
are the code file, the labe)l files, the position file and the main data
file.
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Code File (1ype CD)

he Code File (Tahle 9) tolds the rode, data type, field width ard
decumls, and short and full rames for every variable in the data base,
It is updated whenever a ww variable is added or created, and a
variable is erase] {rom tie file whenever it is deleted from the data
base.

label Pile (1ype 1B)

latel Files hold the individual walues for each class variable, along
with their short and full rames (Table 10), Note that the short rames
must follow the dbBnsel+ conventions for variable rames. The label File
is ramed in a different way, in that the generation number is replaced
by the two character oxle of the class variable, Thus, the label file
shown in Table 13 is ramed DEMMLBA3: this is interpreted as project
dame DEMO, file type LB (label file), for the class variable coded A3.

rosition Pile (Type PS)

This is the most important file in the data base, It contains one
record for each sample point in the study area, both coded by a unique
11/8U; all the wontrol variables; and all CL, NN and II variables,

All new data go into the position File, both Class variables in the
form of rew strata, and Nuceric and Index variables in the form of
Look-Up Tanles, Furthemmore, the Position File i{s where new variables
are created by menipulating existing ones.

When the mcked data types are unpacked (the SC, OC and DD data types),
they are transferred to the pcsition File where they are converted to
the NN or [,) format. This now allows them to be manipulated to create
rew variables,

variables aan be deleted fran the position File, and Position Files an
e merged toyether., Whole sections may also be copied out into a
new position File with a new generation number (selective copy of
variables),

In general, it is a good idea to keep the first generation number
portion File as the source data tase, and add to it all new variables
as the data base is updated. For analysis, or for variable
manipulaticn, just those variiables needed can be selectively oopied
into a new portion File, leavirng the origiml untouched, A new variable
created by manipulating existing ones can always be copied lack into
the origiral file if required.

Min Data File (Type MD)

The moin data file contains the packed CC, D and SC data types. This
is a special file set up only when aerial photographic or census strip
ocount data are incorporated into the PIMS data lase.

The packed data variables can be accessed for normal tabulatioms and
mapping, but cannot be manipulated to cceate new variables. To do this,
they must first be unpacked and transferred to the Position File, where
their formet is changed to the MV (total numbers, or total hectares) or
ID (numbers/kn2, cr Ha/km2) formats, Note that they are removed fram
the Muin /ata File when they are transferred to the Position File.
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Data Retrieval Files
Tahle Flles (1ype 1B)

The Table Files are the min vehicle for data retrieval fram the PIMS
data base., 1The simplest table oontains a single variable (NN or ID)
analysed for a single stratum, as is shown in Table 1, 'mble files an,
haowever, be merged tegether so that many variables for a set of strata
occur together (lable 5). Furthermcre, new variables an be made in a
Table File (‘able 6}, an] variables may also be deleted. Table Files
pay also te appended together (Table ). 1his is particularly useful
for hierarchiml amlyses.

Fimlly, a Table File an tx exported, either to a word processirg
package such as word Star, or to a statisticl package for amalysis. It
is here that the Area and Nuwer of samples is useful for weighting the
data in each of the strata.

whenever a ew ‘lable is crmted, a Tble File with a npew generation
nurber is opened by PIMS. The user-supplied description of the Table
File is stored in the Files File along with the file rame. All this is
erased from Files File when the Table File is deleted,

The Crosa Mbulation Pila (Type XT)

The: Cross Mhb File is created whenever two class variables are amlysed
together (Table 3). They can be merged and appended in the same way as
1mble Files, variables an be created in them and variables an be
deleted. They are exported in the same way for word processing or
statistical amalysis.

The Frequency File (Type PQ)

The Frequency File is used only to find the size of a set of strata and
the nunber of sample points within each. It is used for cross checking
after a new stratum tas been added to the data kase, or if a stratum
has been modified in same way by manipulating variables.

Mapping Files
mp Piles (Type XY)

Map files are created to make UTM grid cell maps, and they have a
record for sach XY grid cell, alony with the Area and the number of
samples in each. The Xy file is really just a special kind of table
file, but the data types are treated sanewhat differently.

Index (ID) data types are averaged in each cell, as indeed they are in
ordimary tables. In contrast, Numeric (MW) and the packed 8C, OC, and
DD types are all expressed as densities per squave kilometres, in cther
words as nunbers/Km2 or as hectares/km2 (percent cover). Fimally, Class
(CL) data types are treated quite differently. Fach o=ll contains the
most frequent class value or, in the case of a tie, the first.

Key FPiles (Type KY)

PIMS automatically generates a map key for each map file, the
generation number matching the map file to which it relates. The lay
out of the keys is explained fully in the next chapter. '
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ata Base Modifiontion
fook-Up Tables (1yp= LU)

A look-Up ‘mble is the wiy in which rew numeric (NN) or index (ID)
variables are entered into a PIMS dhta tase, An individual look-up
rable is created for an individual class variable, and data for each
stratun is then entered. 'Inble 7 shows a sinple [ook-Up table for each
Division in a study area,

Being a diasel+ file, the [ook-tp table can in fact be made outside the
PIMS envirawent, onoe its format has been created by PIMS. This allows
flexible interchange of data tetween PIMS and other packages,

FraeTo Flles (‘Iyre FT)

The Fron-To files define ampletely new strata to the PIMS data lmse., A
new stratun is defined by the sanple points falling within each, and
the Franm1v file allows sets of data points to be assigned. ‘Thble 8
shows a sectian of a Fran-1o file, Fadh reoord defines a set of sample
points (data records) and assigns them to a stratum, The class variable
will have alrepdy been defined to PIMS in terms of its code, field
width, short and full mame, and each of the class values will have been
entered into a labtel fiie,

Sye'rcm Plles

pPIMS has a few system files which are important to know about.
PROJECTS.DEF hwlds the project codes and descriptions while FILES.DEF
holds the rawes and descriptions of all PIMS files, SKELETCN.[BF is a
skeleton file structure used within PIMS, while BODGYSTM.$$1 holds all
kinds of control data and loggos. Fimally, mme.PDP indicates a printer
Cefinition file, th2 name being the name of the printer, and any
mre , TXT file is a PIMS file that has been exported in ASCII format
(delimited or undelimited) for word processing or other uses,
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‘mble 1; Iectares of Maire in Each plvision of a Study Area

Recd. NAMME AL ARFA  HSAMPLES MATZFBS
1 MAALA 441 1419.9800 231 16398.04
2 KILOME 442 1407.71200 226 11935.26
3 MBOONT 443 565.8700) 913 6503.67
4  MAKURNI 444 1973.6200 323 19836.81
Notes: kecd: record in the Mble File
TR . shoct ive of eich Division
ABL: tle oode, and value, of each Division
AREA:L aren (Mn2) of ench pbivision

NSAMPLES: the nuber of sanple points in each Division

MAIZEAS: the short mme for the variable Maize

Tble 2: Mean Slope Angle in Bach plvision

Recd. NAWME  ABL AER NSAMPLES
1 MWALA A41 1419,9800 231
2 KILOME 442 1407.7200 226
3 MBOONI 443 565.8700 93
4 MAKUEND 444 1973.6200 323

Notes: as for Thable 1
SLOPEDFG as average slope angle

able 3: [and Suitability in Each Diviaion

Recd. NAME ABL HIGH MEDIUM
1 MAELA 441 724.53 541.48
2 KIILOME 442 51.84 1072.40
3 MBOONI 443 135.25 373.27
4 MAKUENI 444 513.93 531.51
5 'IUTALS 1425.55 2518.66

Notes: as for Table 1
HIGH, MEDIUM, LM in square kilameters

-47-

SLOPEDEG

LoW
153.97
263.58

57.35
928.18
1422.98

TOTAL
1419.98
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1nhle 4: Frequency Amlysis of Divisions

NMME  ABL MFA  PERCFNT  FREQUENCY
MAALA 441 1419.98 26.46 231
KILOME 442 1407.72 26.23 226
MBOONT 443 565.87 10.54 93
MAKUENL 444 1973.62 36.77 323
TOTAL 5367.19 100.00 873

‘mble 5: Mrrged Data from ‘ables 1 and 2

tAME  ABL ARFA  NSAMPLES MATZEBS SLOPEDEG
MAALA 441 1419.9800 231 16398.04 5.54
KILCME 442 1407.7200 226 11935.26 8.58
MBOCHT 443 565.8700 93 6503.67 8.84
MAKUENT 444 1973.6200 323 19836.81 4.69
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mble 6¢: Population mata for pivisions and Locations

Recd, MNAME N3 ARFA  NSAMPLES Ppop_ 1979 POPDEN
1 MANA 41 1419.9600 231 148385.06 104.5
2 Mbiuni 4411 154.9800 27 30243.24 195.1
} Msala 4412 179.,0000 25 26811.25 149.8
4 Wamunyu 4413 19535000 30 16106 .80 82.6
5 Muththni 4414 159.0300 27 19296.36 121.3
6 Msii 4415 154.9800 27 22320.63 144.,0
7 Kkibauni 4416 2009400 34 12939.72 64.4
8 Kalawn 1417 375.1500 61 20585.06 54.9
9 KILCME 442 1407.7200 226 166203.51 118.1

10 Mukaa 4421 531.7500 85 43552,30 80.7
11 Kasikeu 4422 266.8500 45 24093.90 90.3
12 Kalama 4423 176.0400 27 28925,37 164.3
13 Kilungu 4424 144.10C0 22 27393.52  190.1
14 Kithembe 4425 93.0500 18 20400.84  219.2
15 kia 4426 187.9200 29 21837.58 116.2
16 MPOONI 443 565.8700 93 94002.14 166.1
17 'mulimani 4431 131.0000 20 25395.40 193.9
18 Mboonti 4432 133.9200 24 33150.72  247.5
19 Kiteta 4433 85.0500 15 14490.60 170.4
20 Kisau 4434 215.9000 34 20965.42 97.1
21 MAKUENI 444 1973.6200 323 127781.31 6.7
22 Makueni 444} 251.9400 19 13422.63 53.3
23 Kathnzni 4442 887.8800 147 44161.74 49.7
24 Nzaui 444) 603.9000 99 43185.78 71.5
25 Mbitini 4444 229.9000 8 27011.16  117.5

sotes: ‘Two Tables were made, one analysing POP_197¢ by Divisions and one
amlysing pop_1979 by [ocations.

These two Tables were then Appended. Since the codes were
hierarchiol, each Division (eq 444) is followed by its constituent
foctions (eqg 4441 - 4444).

POPDEN is a New \ariable created in the Table by dividing POP_1979
by AREA.
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Tahle 7: A Look-Up Table

Recd. NAME  ABL ARFA  HIW
1 MWALA 441 1419.98 4.2
2 KILCHME 442 1407.72 3.5
3 MBOONL 443 565,87 5.0
4 MAKUENI 444 1973.62 4.5

Notes: ‘The variable HEN represents the rte of population increase (%/m) in
each Division,

Table 8: A Frun-To File

Fecd, TRANSECT FRO4 10 HBL

1 1 1 301
2 1 4 6 02
3 1 7 1l 03
4 2 1 & 04
5 2 7 10 03

Notes: Fach TRANSECI/FROM/TO assignes a set of sample points (data records)
to and individual stratun,

able 9; A Code File

CODE TYPE WD cC SHORT FULL, NAME
A CL 3 0 DIVCOLE  Division Qode
N CL 4 0 LOCCODE Location Code
BC ID 3 0 SLOPEDE  Slope Angle (degrees)
FH NN 9 2 MAIZESS Area of Maize (includes Sorghumj (1985)
1J CL 1 0 LANDSULT [and Suttability for gmallholders (KSS)
HA NN 10 2 POP_1979 1979 populatian fram CRS Mational Census

sotes: Fach variable is defined by the (ode, Type, Field Width & Decimals,
Short teme and Long Name, Codes and Mames can be metched against the

Tables above,

mhle 10: A Iabel File
VALUE SHORY FULL NAME

241 IWALA MIALA  Division
442 KILCME KILCME Division
443 MBOONI MBOORI  Division
444 MAKUENI  MAKUENI Division

Notes: This Label Files holds the values for the Class Variable AB, Fach
value (441 - 444) has a Short rame and a Full Name. Match the values

and mmes in the Tables above,
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EXPERIENCE OF TRALILIG PERSONNEL

Dr. Micuael ilurton-triffiths

Or. M. Horron-Grittiths has been involved in low levei, aerial
survey mothodolopy  aince 1969, Srarting in the Serengd ti
dational Park, "anzania, he helped develop many of the methods
that are today considered standard.

His method of Aerial Point Smapling (APS) was evolved in the
course of 12 years experience in carrying out through his
comp.ny kcoSystems Ltd. land use surveys on behalf of all

the major donor apencies working in Africa. To date he has
surveved well in excess of 1.5 million square kilometers of
eastersa and southern Africa, the iiiddle East and South America.

His peorsraphical information system PIS (Point Information
Management System) was developed alongside the aerial survey
methods. There are not five field installations, three in
Kenya, one in Tanzania, and one in Senegal.

Lach tield installarion required a careful training exercise
for the users who were usually meeting a computer and a data
base for the first rime. The training course is therefore
geared toweads firsnt time users.

Evans Amwiro Shirekuli

L. Personal Details

Jationality: Kenyan
FPasspore: 055624 expiring June 1992
HMarital Status: Marrvied, 2 daughters

2. Education
1962 - 1968 Ruiru Primary School, Kiambu (CPE)

1969 - 1972 Kijabe High School, Kijave
'0' Level passes in English, Mathematics

Physics, Chemistry, Biology, Swahi.i,
Geography, History, Religious Knowledge,
Oral English

1973 - 1974 Kapsabet School, Kapsabet

'A' Level passes in Mathematics,
Physics, Chemistry, General Paper
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3. Professiaml Experience

1975-1976: gmguzuumr/&:ystan Saleamn, Business Machines Ltd., Mairobi
Tt ] Toiinie) G0 togianmieg al soltwire s1les on Nlivetti  and
fealoett rackard cquttrent,

1976-1977: Proyrammer, KST Advanced Systems Ltd., Mairobi
Developient of costorer software and customising jackages for WANS 2200
alod ooigputers,

1977-1983: Senior proyrammer, EcoSystems itd., Nairobi

Tttt 1) to Flae Sy aters Samger, | owas responsible Tor the developnent
ol Fentynhas' "Acril Survey M lysis Package”, vritten in tang PASTC,
this pncage i lysed low tevel SPEoaerial sucvey data and integrated
thean with ancillary aod enviconsental dhta, cutpat inclided statistical
A ysis and g hics rontines, [ was also responsible for mamging the
entry and validition of all survey data, and for producing the requirced
tabutar and graphicil oatputs, Working with the Systems Mamager, [
assistod in developing a complex digitising/graphics package, and
softavte systens for amlysing both LAMPDSAT and MOAA/AVHRR satellite
data,

1983-1984: Data Processing Manager, Agricultural Development
Qorporation, Nairobi

[eport iny to the General danager, T was in charge of all data
processing on three olivettl mint computer installations in Mairobi
(Headgquarters), ‘akurn oand Bitale, My duties included ooordinatingg
tler devnlopient of softwire by 0, Ltd. (the Dlivetti agents) for the
ADC mamageient; wanaging all data entry, validation and analysis
(primrily accounting data for AT faow operations); and providing
uningonent with the recessicy reports avl amlyses,

1984-1987 Systoms Mamager, BooSystems Ltd., Mairobi

peporting to the Hamaglng birector, 1 am responsible for all data
processing activities in the company. My wost important task has been
to supervise the switch froae tang 2200MVP mini ocomputers to Nlivetti
M4 micro wmputers, [ developsxi a full Geographical Informtion System
t tandle low lavel aecrial survey data, aerial photographic chata, and
cnvironmental data, writing the IS in compiled drase3+, 1 have full
responsibility for mmyging the entry, validation and amlysis of all
“data Lrom survey activities; and 1 am responsible for organising

customer training programnes ind software support for three field
installations (Kisumi, HMacinkos, and [odwar).

1988 - Present: Systems Mamager, IUON Eastern Sabel Unit

Poorting to the hmd of the TJCT Fastern Sahel finit, 1 am responsible
for mintaining the IUCN Mhel data tases, the IUN Sahel GIS data
base, and setting up computer mxxdem links to overseas data bases for

downloiding information,




4. Specific Experience in Systems Management, Programaing and Training

Syotems Marmgement

I have had full responsibility for mamging the creation, validation
and amalysis ot lamviuse data bhases fram the following survey projects
carried out by FooSystems Ltd.:-

Country Regicn Client

‘lmnzania Rulwa NORAD
Ta bora IBRD
Arusha USAID
Shinyanga IBRD

Kenya Machakos (2) FDF

Western Kenya Netherlands Technical Assistance
Turkara (3) FDF

Kiambu [JSAID
Muranga' SIDA
Kwale CIDA
M Kenya CIDA
Sudan Jonglei (3) EDF

I tave also been involved in the amalysis of LANDSAT and NOAA/AVHRR
satellite data, including graphics output; I have set up and managed
data bases for the FAO genetic resources laboratory (grasslands) at
kitale and for the armyworm team of the Fast African Desert Locust
Control Organisation; I have recently created a Kenyan National
Environmental and Land Use Data Bace for the CIDA sponsored Long Range
Economic Planning Team at the Ministry of Finance and Development
planning; and I am just completing the creation of a single dta lase,
using all of EcoSystems' data from 1.5 million square kilometres of
Africa, as part of the RaD for the FAO ARTEMIS satellite mouitoring
systemnm,

Programming Experience

ASAP ~ Aerial Survey Amlysis pPackage

WwCitten 1n WANG Basic for the WANG 2200MvP mini computer, the ASAP
package accepted low level SFF aerial survey data and integrated it
- with environmental and other ancillary data variables. The system
modules included observer data entry, validation and conversion; entry,
validation, and integration of environmental and ancillary data; multi
level stratification for statistical analyses and reporting; grid
square nmapping routines; digitiser input for polygon analysesy; and
graphics (plotter) output - including the production of camera ready
plates for multi colour map production.

Under the direction of the Systems Mamger, I was responsible for the
system design of a number of modules, and in total I wrote about 80% of
the code. WANG Basic remains one of the most powerful versions of Basic
to be developed, including the present versions of Basic available on

micro computers.,

PIMS - Point Information Marmagement System
T fave Ied the sole responsibiilty for deve‘lag;ing a ocamplete GIS system
for Olivetti M24 micro compulers in compiled (Clipper) dBase3+. Lsing




many of the concepts developed for ASAP, PIMS concentrates on the
integratinn of data frar a wide variety of sources (low level aerial
survey, satellites, aerial photographs, maps and thematic data,
tabulated chita) and produces relatively straightforward statisticnl,
tabular amd mppityg output. However, the PIMS data files integrate
emuily with specialised pacrkages such as [ntus 123, Systat, SPSS, FRIWS
and Wordstar., PIMS therefore manipulates and integrates data, and
interacts with other packages for statistical analysis, araphics
outpaut, and reporting,

A second important aspect in the development of PIMS wis to make it
very easy to use. As a result, we now have three field installations
where Clients have the land use data base and the PIMS software
installed on their own micro computers,

‘raining Experience

.n the murse of switching fran mini to micro computers, I have become
fully cawersant with all the standard micro computer packages (word
processing, sprendsheet, dita tnse, graphics); micro computer utilities
(cweep, IDIR, OB, OPYIMIZE, Sideways etc); and comunications. I use
all this experience in designing training courses fo: Clients for whom
we craate and install land use data bases.

our standard training includes MSDOS (1 day); 2 Jays each on dBase3+,
[otus and Wordstar 4; and 10 days detuiled training on the PIMg
gackage, I tave now run three cuch training courses for Clients who
were starting conputer applications from scratch,

I have now completed four training courses for users of the PIMS
software gystem, and lave nade two extensive visits to Senegal, on
belalf of the UNDP, to install PIMS and give traininc inits use,

QORDON OTIFNO ARARA
Chief photo-Interpreter, IIXN Eastern Sahel Unit

l. Persoml Detalls

3.

mte of Birth @ 17th December, 1959
Matiomlity :  Kenyan
Marital Status : Married in 1984 with ane son

. pxation
1975 - 1978 lamta Secondavy School .
'0' Ievel in Fnglish, Mathemtics, Biology, physical
Science, Literature in English, History, Religious
Knowledge and Geography.
1979 - 1980 Kabaa High School

'A' Level in Mathematics, Chemistry, Biology and
General Paper.

Professioml Pxperience

1981 - Trainee Airploto/Inta Mamgement Technician

Initial training on airphoto interpretation/data management at
Eoonstems Ltd and the Regiomal Centre for Services in Survey and
Mapping
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1982 - 1987 Senior Alrphoto/Inta Mamgement Technician

Reportitg to the project nanager,

a) Trainirg of other photo interpreters
four other interpreters
c) imta entry, walidation and amlysis

b) Sipervision oo

My duties include :

d) rganisitg belicopter surveys for crop data

1988 - Present: Senior Alrphoto/Inta Mamgement Technician, IUONY/ESU

4. Specific Experience as Airphoto/Inta ramgement Technician/Trainer

igve had full responsibility in the following projects:~

Quuntry

Kenya

Tanzania

In the Tarangire project,

EcoSystems Ltd.

recently, I have completed a training session in Senegal on behalf of the
UNDP and the Centre du Suivi Eoologique. The training covered all aspects of

Region

Machikaos

Rural Access Roads

Western Kenya

Turkam (3)
Kiambu

Muranga

Kwa le

Thm River
Turkwel
Molo-Litein Road

Shinyatx@a
Tarangire

I trained staff from Serengetd
Monitoring Programme in georeferencing, interpretation of aerial photos and
data entry, validation and amalysis using the PIMS software developed at

Client
EDF

Netherlands Techn.
Assistance

FDF

USAID

SIDA

CIDA

NORAD
MASCOTT

IRRD
AWF

photo-interpretation, data entry and validation.
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ssivnal Experience

Exnlo

Devel

S.EA.

Slaym

ration Phorogranhv, Sole Proorietor 1980 - Present

Aeriai and rround phetoeranhy; archirectural and forensic
apniicattens.  Yajor clients ineclude: Texasgulf Yestern,
Llitr-Thorn, Coldwell Banler, U.S.A.1.D. (involved 1a a
narieawide survev of the countrv of Lesortho, providing
1:20,900 73mm sevial photography, low altitude erid pattern
coverave as addata base to assess agricultrual development
and ranrge management objectives), and Bendix Corp. as a
consultanr te set un A JGmm Photoygrimmetric camera system
for the Remote Sensing Center in Cairo, Egypt.

Inc. - 1980

{

onment Alternatives,

Consulrzart. Celor aerial photogranhy and ohoto processing
ro nravide nhoro mosaics ol Tanzanian village areas for
rural develooment activities.

Photograpny, Inc. 1975 - 1980
Yice I'resident and fleneral Manager. FEstablished as an
associate firr to Southwestern Exploration Associates.
Aerial vhotography and photo processing for clients such
as Texas Gas Expnloration Corv., Felmont 011, The U. OF A.,
Gulf ‘fineral PResources, Phelps Dndge, Texasgulf, Anaconda,
Amax, Exxon, Getty Oil, Amoco and Conoco.

aker Photography 1973 - 1975
Sole Pronrietor. Snecialized in nhotographic appiications
far research. Comnleted large contract for Muclear .cility
Svstews Corp. to provide aerial photography of 1,000 miles
of possible corridors for a transmission line and to provide
detailed vegetation maps and descriptions of each link.
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University of Arizona 1969 - 1973

Sraff ohorographer “-r rhe Department of Biological Sciences

rhe Universive.  Develoved ecological apolications for
remate sepsing while in rhis vosirion.  Also invelved with
assessment of the vegetation meosaic in the Sonoran deser:
for =he .30, Desers 3iome Program.

Sducazion
e Linda Vista School of Fine Arcs 1969 - 1973
Phatavraphy

e University of Arizona 1965 - 1969

Jlotory and Scientific [llusrtration

Preojects and Publications

SASA sponsored Projects (Ce-authored two): EROS {#l4-:5-928-613 and
MASA-2 1AL -- Interpreration of space-acquired signatures for

Desert Plant Smecies and Communities. Both of these projects
vere investigating remote seasing apolications to Arid Lands
Seadies,

PRV

coional Survevs for Mineral Exploration with Red-

. in a /0mm Camera. Presented at the International
5 am on Remote Sensing of Environment, Second Thematic
Conference, Remote Sensing for Exploration Geology, Fort

“Worth, Texas, December 6-10, 1982.

laformation for Zural Land Planning in Arusha Region, Tanzania.

Presented o the Arusha Planning and Village Development
Project and the Regional Development Directorate, Arusha.
Co-authored by Christonher Dunford and David A. Mouat.

nerote Sensing for Rural Planning in Africa. Co-authored wich
Dr's Christopher Dunford, David “ouat, and Michael Norton-
Griffith. Acceoted by '"The Journal for the International
lnstitute for Aerial Survey and Earth Sciences".

Assisted in the following works:

Structure of Ecosystems, the Desert Biome - part of a major
T B P ovroject.

Altruistic Behavior in Mexican Jays, by Dr. Jerram Brown.
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Slavmaler, D' nage 3

Rentiles and Amphibians of che uuu9ran Desert, by Dr. Charles

T Fiofius it

T Lowe (illustrations for a hook)

hy Scott Sternburg and

Hatural Hisvory of <he Saguary Cactus,
D S atand Sanad e R et A - ettt R
D LT es TH T Lawe (illustrations Lor a hook)
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DARRAGH DAVIS

Professiounal Experience - Tucson, AZ

Exploration Photograpny (P/T) 1984 - Present

Indexing of slides, negatives and maps; negative
and slide organizatien; flighc line prevparation.

S., Inc. P/ 1y87 - 1988
Sales representative of Central American Imports;
wide variety of duties including receiving, shipping,

inventory assistance, display and participation in
trade shows.

Rochelle K 1984 - 1986

inventory control, shipping and receiving,
respongible for store management in absense of
owners, and daily sales journais.

Sales,

Philadelphia, PA.

Cameo Stores, Inc. 1982 - 1984
Stock control,

sales level bookkeeping, display
and sales.

Explorers (part time) 1983

Sales, specializing in gifts from Central America and
Africa.

Grundy Design 1981 - 1983

Assisted in the interior design and construction of
Bobby's Seafood Restaurant; setting up working systems

such as staff coordination, menu planning and general
day-to-day operations.

Freelance Caterer (part time) 1981 - 1982

Complete catering service. Catered cocktail parties,

wedding showers and one five-course sit-down dinner for
the Victorian Soclety of Philadelphia.
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Carlton's Restauranrt - 1980
Assistant YManager. lavolved in all phases of opening

a rz2stauranr,  Organizational duties included purchasing
equipment, hiring rthe staff and menu planning.

Educarion

University of Yirginia, Charlotresville, Va.
B.A. in Art Hisrtory. Graduated 1978

Languages: English and French
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