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This paper propn e ; an Aerial Point Sampling Survey 
(A. P.S.) of Rwanda. I: ldemonstrates why we thi:ik this is
 
more appropriate t:,ASPAP s requirements than 1:20,000 scale
 
aerial .hot,, coverair and details a complete program of
 
training, aad icquisintin for an in-house capacity at S.F.S.A.
 
to esti-Iiate r, I la;ricult by Profect, Sector and
1lnd use 

Commune . Furlthermore, we will show that because of the
 
economics rf this approach and the willingness of the
 
InternationaL Union for Consevation of Nature and Natural
 
Resources to provide tr-iining and software at cost, the
 
survey, nrrretation and compilation of reports can be
 
...t-dLe uithln our buidget for the original aerial photography 

a lone. 

In response to a request from Development Alternatives, 
i0c., i the spring of L9117, Exploration Photography sub

initted a proposal to fly complete aerial photo coverage of
 
Rwanda at a print scale of 1:20,000 in 70mm color. This
 
applicati.on was based on our successful use of medium format 
enhanced color surveys for resource inventory in several 
African countries and thiroughout the American Southwest. 
Our complete aerial photography of Lesotho, flown in 1983, 
remains the best avaLlable coverage of that country and has 
proven 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:
 

i) The altitude at which this photography is taken.
 
Lt requires relatively cloudless skys, and to be
 
useful to ASPAP's purposes, it should be flown when
 
crons are in the field. Clear skys are rare during
 
--anda's growing seasons, and it became apparent
 
that the coverage could probably not be completed
 
within that time frame.
 

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

As stated, this type of stereographic aerial photography 
is an invaluable multi-use tool. It provides 1001' 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 consuming to acquire. 
.Rwandahas an excellent set of topographiic base maps and 
1:20,000 scale land use maps that are complete but made from 
ten (10) y/ear old coverage,and therefore, out of date. ASPAP's 
and SESA's objective is to update this data base, surveying 
the countries extremely fragmented farm holdings (one hectare 
per household with up to 15 different fields reconfigured 
between the two growing seasons), to identify and estimate 
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coverat,e (.f the 40 mu)st: common agricultural crop mixtures. 
At :20,003, each aeri iI photograph would cover 25sq . ki lo
meters and show a hect :re as one half ( ) a centimeter wide. 

at ,s IdCrop nappin,, ti ' le ,o 1 re(tII re hiuh ly sophisticated 
Der,;onnel equri pren: i truth, costIt vr ound probably more
 
than the ;urvey, an,! remrilr, a subjective interpretation
 
based on1 pat recu,.,if ion.
a ern 

Tho SOO(, fic ;ivetds ()f Ci i.sproject can be better met by
 
an aerial nt -hich quantifies evenly
u)i survey, accurately an 
distribut ed sample of" the ground at large scale. The photo 
aircraft fVs a low aItirude grid below'T the layers of cloud 
cover rd, th)ere*ore , im much less sensitive to weather 
condititons and takes sinle .35mm transparancies at one kilo
meter intervals (Appendix #1., Survey Operation). Each frame 

ihectares and is interpreted at a scale of one centi
meter tc seven meters, so that a single hectare farm holding
 
is 14 !v 1.4 centimeters on a nrojected grid. Individual crop 
species can be identified and their coverage determined by a 
simple dot/grid overlay (Appendix -,r2, Interpretation of Sample 
Photographs). Depending on sampling intensity, the area 
covered by these frames represents a 1.6 to 3% sample, sufficient
 

for orecise polling with estimates derived directly as densities
 
or tot:al numbers within a given defined area such as a commune
 

(Appendix 3, Sample Analysis and Precision).
 

Aerial Point Sampling was develope(d by Dr. Norton-Griffiths' 
of Ec.',-;ysrem, Ltd. , Nairobi, specifi -ally to survey the complex 

patterns of smal.l holder land use found in Kenya where the 

average field size for all cereal grains is .2 hectares and
 

the growing,, seasons are also characterized by extensive cloud
 

cover. Ouring the last six years, EcoSystem has flown and re

flown over 1.2 million sq. kilometers and throughl.y 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.
 

Tihe success of APS as a survey tool has been made possible
 

by two r,?atively 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 'l). The second is the development of
 

.I.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 snatial strata on a geographic base (see Appendix #4). 
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,
 
use. This ability to spacially
elevation, or historical 


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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Once quianrtified aul imputted into the system, the sitrvay 
data can be t: bu)LatLd for selected variables within or across 
the administrati.ve r,'porr ing "ni, ts. The point samples can 
also be assigned to el I; such as the 5A-m by 5km 11121 gridt 
to display atributen .And regional patterns is thematic maps.
Thus it hecose ros ;itl to build up a highli integrated 
resource data base frorm hvh present and past surveys (the 
Technosynthes;is land use data is apparently available in a 
Dre-rastr.r zed computer tipe format), and any other information 
that can be geographically referenced. 

Dr. Norton-Griffith has developed a PC Computer based 
turn-key point inforna tion management system (PINS) for the 
sampling data and will provide a comprehensive training 
grogram for two SESA staff as part of this proposal (Imple

,., Schedule, Training Program). It will allow them to 
directly integrate 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 management. One of the inherent 
problems with previous reqource and land use surveys have been 
their vast quantitias of data that could not be assimilated 
into the context of other existing information or presented in a 
form sufficiently reco,,ni.zeabie by the end user to be used. To 
quote Dr. Norton-Griffith: "it matters not from what source 
the data cone, 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 
ecoloical. principals suggest 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 
develonment by District, Division and Location then all data 
must be presented by District, Division and Locationt~herwise 
the data cannot be used."
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IMPLEMENTATION SCHEDULE 

AERIAL SURVEY 

The firs t: survey stt,,ild be scleduled for May/June 1989, 
and immediateli fol low the training program in Nairobi. There 
wouLd he some advntage; r:o having the survey flown before the 
training, mainly thar t he 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 a reas as the survey and interpretation run 
concurrent. The ideal solution to this problem would be to 
"awe 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 Ontions", I have included a 
possible mechanism a-n7-t r -Wig is without necessarily
 
having to imp)ort the survey plane twice. 

Exploration Photoraphy will provide the following equip
ment for the duration of the survey: 

- 2 Canon F-I 35mm cameras with motor drives 
- 250 exposure backs, .35mm, 50mm and 85mm lenses 
- I aerial camera mount for Canons 
- film loading equipment for bulk backs 
- I VHS color video camera and recorder 
- I aerial mount for video camera 
- I Top Flight Video monitor and intervolometer for 

in-flight monitoring of flight lines and exposure 
control 

- light tables for sorting and organizing color slides 
- auto-counting hot foil press for labeling film and 

s lide mounts 

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

Dana H. 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
 
estimated in the budget.
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Aircraft will he provided by Jeremy Block, Nairobi, Kenya,
and may be contracted Lhrough Exp aration Photography or by
D.A.1. 	 directly. 

Aircraft: Cessu. 2d'6, high win,,, montoplane, long range
tanls, T,;5'99A Series I OMEIIKA/VLF navigation 
c.omnter, iKing Gold Crown radar altimeter, full 
Avi, ics, twin 35mm camera hatches, 4 seater 
con f ig rr:i on. 

Cost: 	 $250 per hour, dry lease; lease includes pilot, 
insurances, navigation fees, landing fees, parking
fees; hours rimed on aircraft Hobbs meter from 
leaving IQi roli to returning Nairobi. 

iLot: 	 Fu lly quali fied for APS sample surveys, will re
quire standard USAID per diem while on duty in Rwanda. 

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

Duration of Contract: 45 days; every day in excess billed 
at $500 - 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 p rojected costs currently unavailable 
in Rwanda. Aircraft uses 50 litres per hour. Best 
to budget $1.50 ocr litre.
 

Notice 	of Contract: "inimum 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 14 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 	 !IANDOR 
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Schedule of Personnel and Estimated Duration of Survey
 

Exploration Pi"Kralphy will need 
a set f the 1:50,000scale topographic map;.: .nrd a 1:250,000 scale base map of the
commnune di.visions at 1eio5t a 
 amnt h before the initiation ofthe trainin gprornm, .nd 
ar least: ,seven days staff time
plot flight lines anid or,,nize the 
to
 

necessary eqiupment. We
should also arrive in P'Anmd- a week before the aircraft toestabli;h re;idence and coordinate with AS PAP 
and SESA before
 
flying beg ins.
 

The aircraft should be 
in-country between 25 
and 40 days,
depending on tie 
sampling intensity selected, weather conditions
(h. , ! much lesser degree than 
normal aerial photography)

,authe exent: to which 
local air tnrbulance allows 
us to

complete afternoon flights.
 

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

J.u.G.J ?.a Trainin Prg ram 

Photo-interpreLin trlining course should be scheduled
 
for four week; immnediately', preceeding the survey.
 

Dr. Aiorton-(Griff ith has desolved EcoSystem, Ltd., to join
 
the 	Inter ,airional Union for the Conservation of Natuza and 
Natural Resources as head of its Eastern Sahel Unit. This is a
 
non-profit a aniza:rion that has agreed to provide an APS
 
incerpretation program to two SESA staff at cost. The objective 
c2 this 4 week course Iq to train 2 Lnglish speaking Rwnndan 
personnel in Ill aspects of analysing data from APS surveys so 
that 	in future all work can be carried out in-house in the lin
istry in Rwanda, The raining. course will also be attended by
 
D. 	Slaymaker consultant to DAI 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 

- analysLng land cover off sample aerial photographs
 

- computer entry of all survey data
 

- data validation, editing and listing
 

- creation of a ,IS (geographical information system)
 
data base 

- use the PIMS (Point Information Management System) GIS 

The IUCN wil.l also provide, free of charge, a copy of their 
most 	 recent version of the PINS computer programmes for further 
analysis of APS surveys.
 

[he LUAN training course will be held at the Regional 
Offices of the IUCN in Nairobi for a period of one month. A 
three-man team will be invo7ved in the training:-

Dr. M. Nnrton-Griffiths Head, IUCN 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 	I: APS sample theory
 

- APS sample design
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- Georeferencing Sample Photographs 

- Filing and Cross Indexing Sample Photographs 

Week 2: Photo Int rpret:tion 

- Basic int: r id"iti on and theory 
- Creation of photo-iterpretatiorn key 
- Interprer:ati n using the dot grid 
- Coding interpreted data 
- Studying ot her land use photographs 
- Computer entry and validation of photo data 

Week 3: Creating CIS Data Base Using PINlS Software 

- Data point:s 
- XY grid coo rdinates 
- Photo Cala. ibrations 
- Data Base Craation and Validation 

Week 4: Training on P[S Software 

- Module I: Create Now Project 
- lodule 2: Data Retrieval 
- Module 3: File ilanagement and Utilities 
- Module 4: Maipping 
- Module 5: Modify and Update Data Base 

OUTLINE COMPONENT 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 is 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 data base. 

Photo Interoretat ion 

The first stage is a familiarisation 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 photogranhs will then be analysed, with 
the IUCN staff providing assistance. Mornings will be .- O"," 
interpretation; and the afternoons in going over the morning's 
work, discussing it, and assessing reasons for differing inter
pretations. The absolute necessity for strict quality control 
will be stressed at all times.
 

Whenever possible, sample photographs from other parts of 
Kenya and Tanzania will be looked at, to give experience in as
 
wide a range of land cover types as possible.
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Data Entrv and ValIidat ion 

The prinding :a;t f entering the data From hundreds of 
plotograph,".i Iw ag;in the necessityI ,mphIasise absoluite for 
strict operrionri Ipr Ielures to avoid mistakes. Validation, 
editin,, ar yet more va'iidarion and editing reinforces the
neces;sity for care. 

Da-t a ;Aoe Areat in 

Creating the ;I Uriti base for ,wanda will highlight yet 
further aspects of quality control. Activities wi i include 
creating he initial dar; base; input of HTINM grid cell coordi
nates; detini.t ion and ,nrr of reporting strata; entry of photo 
caLibration data; final va.idation of all dat a; all culminating 
in the creation of a balanced, error free data base. 

Traitni, on the P'L'IS Software 

After the exigeacies of analysing and entering the data, 
and creating the data basr, learning how to use the PIlS CIS 
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. 
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ReInly ement.;o f ESA Staff: The iustification of t:his progr::1 
is that -- iui,.i-iiIs-.[- formfte--wo the core of a photo
 
interpre-at ion team LO .analyz;.:e the first and pos;sibly second
 
survey. Thev woulid t 'p''me tie seninr photo-Winterpreters respon
sible for refinin; the iWterpretat in classes and mronitoring the
 
outputs of thei r srff, is well as producing reports from the
 
tabulated darar and s.nW; , to their effective rise. Although
 
Dr. Nortor,-:riffi.tih hras sfome facii i ',with French, they should
 
be able to read and t:rakc instrucrion in English. A background
 
in compLerto progr.ring is not necessary as the software is
 
introduced ,i.s turnkey on an entry level., but they should be
 
willing to master its intricacies.
 

Since th> ,actual iWruerpretatiun of the sample photographs 
is strai.ght ,r.,.r, requi trenents for local hire staff would be 
much less, and :apool of qualified interpreters could be devel
oped. EcoSvystrems had tie best lick with college students in 
resource dtsciplines or agricultura l field agents in training. 
This approach has tire secondary benefit of familiarizing future 
land managers with the technique and spreading its acceptance 
a3 a res.urce tool. Tlre 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 expens ive and tie data base will become much more power
ful as ongoing monitoring, allowing accurate crop projections 
and the modeling of dynamic 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
craf: and a simp.er camera rig such as the one provided for the 
test shots. 

tcui',irment List for Photo interpretation in Rwanda
 

I) 	 miinimum of two (2) interpreter stations, four (4) 
are recommended. Each station consists of a table, 
chair, wall mounted projector and dot grid. IUCNNR 
recommends tire Hlalight daylight projector, available 
in Nairobi at approximately $600.00 ea. 

a) fVur (4) projectors - $2,400.00 in Nairobi 
b) tables and chairs obtained locally 
c) dot grids and software will be provided free 

by IUCNNR 
d) 	computer requirements: any IBM compatible 

running MD.i)OS 3.0, with at least 640K memory, 
30mp hard disk and a full 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
 
tie training of the SESA staff, I would like to attend
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at least: the Iast two weeks of the program +t:I UC'IUR. 
This wouLd !,Jve meia cii;tnce to meet and become fa;Imtiar 
with the SESA sta ff withit the training ervirontment, and 
would give is a i11ore c olliloi frame of reference in the design
and implementation of Ohe survey. This is by no means essential 
to the project, and, it neces;sary, I would be willing to do it 
for per diem alone, bt I feel the shared experience in Nairobi 
whould facilitate cotmntuications in Rwanda where most of my time 
will be spent keeptng the plane in the air. 
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BUDGET FOR-iAT AND OPTIONS 

Sampling inttens;ity and scaie is a f/unctLon of cost. 
Given the discussin "r :,rvey accuracy in Appendix #f2, the 
selectlon of a sampling intensity for this survey has to he 
a budget: con;i.eratrion an1(d I .ill. outline three (3) options 
with their rel ative co;Is. 

A) 	 1.6, sample, Pvnly spaced fli;ght lines 2.5K apart 
wil-, An exposure every kilometen-. This is Dr. Norton
Griffi.ths standard for baliiLatigu lo,'ations in Kenya.
It wolld give acceptable Aiccuracy at the medium commune 
size of 135 sq. V., bt less roliable results if pushed 
to a smaller sied unit.: 

B) 	 2.17, sample wi t flight lines; adjusted between 1.5K 
and 2.5K to maint:ain a relatively consistent confidence 
level of res, lir; from comnmunes over a range of size. 

C) 	 3% sample with flight lines adjusted between 1.2K and 
2K, as above but pushing the statistical resolution of 
the system at increased cost and man-hours of interpre
tation. 

A-I) Budget 1.61 sample 

I) Aircraft and pilot 
a) 112 hrs. j $250/hr. $28,000.00 
b) 
c) 

5,600 Litres fuel J $1.50/L 
20% contingency on above = 

8,400.00 
7,280.00 

d) estimated ferry from Nairobi 2,000.00 
e) per diem on pilot = 3,780.00 

TOTAL ;49,460 

2) Exploration Photography 
a) staff rime on site = $16,800.00 
b) per diem = 14,112.00 

TOTAL 30,'9T2.0 

3) Film & Processing = $2,400.00 
(shipping costs to and from Nairobi 
for processing in-house) unknown 
Video tape 300.00 

TOTAL 

4) Interpretation 
a) 3 man local hire staff for 4.5 

months Y4,050.00 
b) 2 senior staff for 5 months 4,000.00 

TOTAL $8,050.00 
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1) Aircrafl: , ilot 
a) 147 hr j.i $250/hr. 
h) 7,3550 1iter.F fuel $I.30/L 
c) 207. ,m"ii n;cicy of above 
d) estimait: d 'erry from Nairobi 
e) per dieem on pilot 

TOTAL 

= 

= 

$36,750.00 
11,025.00 
9,555.00 
2,000.00 
4 937 00 

$-42-7-_

2) Exploration Photrgraphy 
a) staff time on site 
b) per diem 

TOTAL 

= 
-

$21,350.00 
17,933.00 

3) Film & Proces ing 
(shipping costs to and from Nairobi 
for processing in-house) 
Video tape 

TOTAL 
= 

$3,200.00 

unknown 
400.00 

3,600. 

4) Interpretation 
9i)3 man local hire staff for 5.5 

months 
b) 2 senior staff for 6 months 

TOTAL 

= 

= 

$4,950.00 
4,800..00 

$9,750 .

C-i) udet 37. sample 

i) Aircraft & pilot 
a) 210 hrs. @ $250/hr. 
b) L0,500 liters fuel , $1.50/L 
c) 207 contingency of above 
d) estimated ferry from Nairobi 

e) per diem on pilot 
TOTAL 

= 

= 

52,500.00 
15,750.00 
13,650.00 
2,000.00 
8,032.50 

$91,932.50 

2) Exploration Photography 
a) staff time on site 

b) per diem 
TOTAL 

= 

$28,700.00 
24 108.00 
$52,08.0 

3) Film & Processing 
(shipping costs to and from Nairobi 

for processing in-house) 

Video tape 
TOTAL 

= 4,600.00 

unknown 
600, Q 

$,200.00 

4) Interpretation 
a) 3 man local hire staff for 8 

months 
b) 2 senior staff for 9 months 

TOTAL 

- .7,200.00 
7,200.00 

$14,400.0( 

The other major factor which could direcly effect cost is
 

if the photo interpretation staff determined that during 
the pre

be able to successreconnaissance testing that they would not 


fully distinguish and identify the extremely fragmented 
crop
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combinzitions at the hase scale of 1:7,00(U. This is nlikely, 
but in that case it wo ild be necessary to increase the inter
pretation scale by redo'in tho coverage of each frame to 2 
hectare:; and eXpo;Si ng t,., ;ljacent frames in ripid succession 
at each :;ample poin.. Lthis w ld not affect flight costs, but 
would double Film co:;tis .,nd probably increase man days of 
interpretation by R.. 

D) Cost reducLion:; if second dailv fl glt is possible. 

Thes_ cost estimates are based on the conservative 
assumption of flying 4.5 hours a day. It is likely 
that we will often be able to fit a second shorter 
flight into tne afternoon. This will be a function 
of air turbulance, severe -'either, refueling time, 
etc. 1his conservative assumption allows some slack 
in the es> Lmate, but if ideal or "dumb luck" condi
tionj prevailed, savings could be realized between 
$6,500.00 (A-L), $9,500.00 (B-i) and $13,500.00 (C-1). 
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PROJECT COSTS 

hidepele, ._ ofSqle in tens iy 

A) Interpretation 
1) I.U.N'.N.R. triining program 
2) per diem for M;ESA staff in Nairobi 
3) SESA staff wa,,es 
4) hardware Ior photo interpretation 

stations 
5) computer and printer 
6) air fare [or SESA staff to Nairobi 

$10,000.00 
7,500.00 

800.00 

3,900.00 
3,000.00 

800.00 

B) Survey Crew 
1) 10 days staff preparation in U.S. 
2) travel expenses 
3) complete seL of [:50,000 scale 

topographic maps plus lamination 

3,500.00 
7,000.00 

in-house 

TOTAL COST SU?-.P.!ERTES 

Not Including Cost Options
 

1) 	1.6% Sample $127,622.00
 

2) 	2.17 Sample $153,400.00
 

3) 	37, Sample $200,840.50
 

ADDITIONAL COST OPTIONS
 

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

and/or G. Arira, Chief Photo-Interpreter, I.U.C.N./ 
E.S.U., would be available on a consulting basis 
to 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.
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3) 	 Dr. Nor.on-Griffith may be avai.lable for consul
tat ion on a weekly basis, pending his schedule 
with I.u.:. N. 
a) Rate - 0I,251 per week 
b) per dip m ':andard A,.I).
 
c) airfar, From Nairobi - 400.00
 

B) 	 Attendmnce ot rrqiuin. program by D. Slaymaker
 
1) last two week;, per diem only - $1,890.00
 

C) 	 Second season qurveyv (December 1.939)
 
(could be lower ;ampling intensity than primary)
 
1) A-I Bud;geri, 1.61. Sample = $91.,122 00 plus $7,000.00
 

travel expenses for survey crew to return 
=2) B-I Badger, 2. M. Sample $116,900.00 plus $7,000.00 

travel expenses for survey crew to return 
3) C-I Budget, 31, Sample - ,l64, 340.50 plus Q7,000.00 

travel expenses for survey crew to return 

D) Optional equipment for photo-interpretation 
1) V. I.S. tape player and monitor to review 

primary unit flight lines - J1,200.00
 
2) C.1.R.1.E.S. computer program - $1,000.00
 
3) Heward Packard pen plotter - J3,000.00
 

E) 	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: 
l) additional round trip to Nairobi - $400.00 
2) six hours local aircraft A $90/hr. - $549.00 
3) 4 day day rate per diem - $1,504.00 

Total additional cost = $2,444.00
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S UPI,UARY 

APS is not: an :ieri a I ploto t;lrvey in rie norm.al Ly under
stoo(I sne of the r si It: dt-es not: map feat:ures on the -rounl 
or chalrt- p 1 l t- ceItull!ll Jt i f'.; . it it douf, is enumierate a represen
tative !;Itrple of groulnd cover, Clilissify that information to a geo
graphic grid and ext rapi a-e es tiruates; of- crop production or 
land uso by ,idminisrr,-it:ive divis;ions. These estimates can also 
be correl;ired with i:wi :uicill -Ir,; factor that can be classified 
to the same !,rid. Its advantages are: 

1) 	 can identify crops and small fields 

2) 	 insens;itive to w;either conditions (is flown below 
clud cover) 

3) 	 can he flown efficiently during the optimum crop 

survey periods 

4) 	 interpretation requires simple equipment and skills 

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

6) 	 training in techniques of Low level photo interpre
tation, geographical data management,ano data analysis 
are available in Nairobi 

Its disadvantages :ire: 

I) only i."- to 3"" of land area is actually ohotographed 
(versus 1007. with high altitude photography, but 
versus only (. 177, of land area measured during the 
1.984 agricultural census) 

2) 	 mapping is not possible (on v 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) 	coverage 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 its governments planning process, producing accurate 
estimates of agricultural use to the specifics and administrative 
format required by the end users. 
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Appendix 12 

Photo lnterpieLation of Sample Photograph 

One of the advantag,s of Al'S is the extent to which the 
extremely Iarge scale ph',tograph:, simplify interpretation, making 
it possible to comp ile the data with crews of minimirely trained 
individuals workiu;', der the supervision of a senior interpre
ter.
 

The procedure for ech sanp le point is simple and straight
 
forward. With ,n enila rging system miioulnted on the wall, each
 
J3mm s ide Is projected down onto a desk top dot grid at. a
 
19X en largement factor to give an average interpretation scale
 
of 1:700. The .(emi-random dot grids consist of an array of
 
19xl2 cells of 2W2 cmi in size, with two randomly located dots
 
in each, anprox imately .5mm in diameter, equivalent to 1.5mm
 
on the ground at the average scale. The photo is interpreted
 
only within an inner area of 16xLO cells containing 320 dots,
 
thus overcomiing interpretation problems associated with the
 
edges of the field of vLew. 

Cunt data are simple numerations of objects such as house 
comrpnids, bhui IdinIs with iron sheet roofs, buildings with 
thatched roofs, or ev n numbers of individual p lants in the 
case of la rg:e cron trees like bananas. In gene cil, the 501 
rule is fol owed, which specifies that 50Z, or more of the object 
being counted must lie within the inner interpretation area to 
be included into the tal iev. 

Area datla are measurements of the proportional area of 
di. fferent kinds of land cover, the proportions being expressed 
in Lerrm; of the number of dots failing within each land cover 
class. Area data can be obtained for individual crops and crop 
coibinarin, for the canny cover of natural vegetation, for 
the Land thien up by roads, tracks, or house and for fallow 
land. The 507 rule is again used to decide if a dot should be 
incLuded into a particular area measurement. 

Qualifiers are recorded on a presence/absence basis and 
are used primarily to) de.scribe the s tatus of land management, 
the methods of cultivation and the occurance of terracing or 
contoiuiri ln,. 

To the v<tellt hat In vs enumeration requires qualitative 
udg;ements, thlere are procedures t, control the accuracy and 

con istanc,. oIf tihe result:s. They are reiterative and include 
the foalowing steps: 

1) pro-reconnaissai ce: i senior staff trained by Norton-
Griffith at I.U.C.,.:l.R., myself, Dr. Lassiter and other con
cerned v:insuitants would meet to qualify the range of crop type, 
crop corn) intion and natural features that should be included 
as individual photo interpretation classes. This should be 
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initiated with test fli ;hris over known fields before the actual 
survey (this can b dome with a local aircraft and a scaled down 
camera rig before the training program - see Cost Option E) 

.) ' rin rhe . v ,;taies of rhe sur.,ey a wider range of 
di.positivv; ire ',:-:i ,i to chock, the feasibility of the initial 

,eLec:ion & jiteprp.inr'in classes. Classes are subseqentl 7 

added/depo,.l, mr osir it, and a key formulated which defines 

the important visual, rxturaL, and other characteristics of 

eich class. 

3) At this paint, raiinirg ; ul1d proceed with the entire 

photo interoretation 	 r:eam under the suipervision of the senior 
Classes Are further refined through crossphoto interpreters. 

chock and discusqion t-rween the ream. Ground truth in this 

term is a F nucion of t raining and interpretive cross checks 

(see Appendix 13), one of the interpreters should be on any 

survey fl ij;ht taken, and make aote of the crops, crop combina
else they see. In particular,tions, vegetation and anything 

they should note anything they see that they don't understand 
these problem areas should be noted on a master map andand 

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 

which is difficult to convey without this experience.general, 

Additi nal nroblem areas encountered during interpretation are
 

bumped upi to the senior pihoto interpreters who can elect to 
resolve the confusion.visit them during their next flight to 

problem areas may require on-siteA very nal. portion of the 
inspection, bur: in most cases a low overpass and circle by the 

aircraft will he sufficient. Other than that, there should be 
required once thelittle additional actual on site ground truth 
and the visualfinal interpretation classes have been refined 

reference key understood by the team. Typically, some 100 non
around 60 coveringoverlanting classes will be selected; 

15 classes of intrastructure, and 25.agricultural land use, 

of natural vegetation. Other classes might describe erosion or
 

reclamation activities and a miscellaneous or trash can class.
 
whichThe interpreters record data directly on a tabular sheet 

interpretera lows efficient visual checking, and the senior 
of the interpreters tocontin"ouqly monitors the performance 

achieve consistancy of results. 
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Appendix '3
 

Sarrq _le Azilysis and Precision 

Aerial. Pooir Slimplituc! i:; a :i ree level. system of the 
primary uni.t (t:he ftIli-t io s) S;econdary units (the Dhotographs 
taken at sqpaced interv, ) and the qraritifi.cation of land cover 
in each p)hotograph. Because adiniistrative divisions, or defined 
areas within t tvle (eampLe: communes) iie different geographi
cal sizes and theref, re cont a in di fferent amounts of the primary 

,sariplin, ini expre:;siri,: the estiimates as densities eliminates
 
the irifiutience ()i smpo, , init size nn the sample size and the
 
samp Ie va r'i,rice. I f.;e consider one crop at a time, the basic
 
calculation or this rat i o is as fo1. lows:
 

z = tie area oF not, pr,',ary sample unit 

y - the number if crop hectares enumerated along the 
Drimairy SaiIIl eon i.t (caIculated from the individual 
photographs) 

=R total hectares cotinced 

toiL1 	 ar i Cl )(Uile.Ld 

* -the survey easti.mate (Y) for that crop is 

Y R. " 

where 	 7 is the totan area under survey 

The precision of a survey estimate is calculated as follows: 

Sy 2 = 	 the variance hetween the numbers or hectares in 
all samtple units 

Sz 2 - lthe variance between the areas of all sample units 

Syz - the co-variance between numbers or hectares and 
the area; of t:he sample unit 

•* the variance of a survey estimate is 

-
x Syzi-RySz 2 ) Var(Y) U si-n)×( 2xR

wi=th st.nidard error 

where n - number of sample units in sample
 
J - total nunber of sample units from which
 

saamile is drawn
 

The 95>. confidence I imi-ts of a survey can be calrulacLL 
by multi.plyirg the standard error by the t value of n-i 
degrees of freedom and will improve with the inct.ease of either 
ty or Zz. In other words, an estimate for a iarger defined 

-22



area wil i a'..'vs be norepprec ise than the esrimiate for a smal I.er 
defined area (tinleIs rhe amount of primary saple "nit f light 
lines - are increase i over the smialler unit), arnid the esttiate of 
a crop with i0, cover will i always he more precise than the esti
maite of a cro) with " y K , 'er. 

The in ttce KI p fac orq at a given amp ling intensity 
is shown on Tlble I Mo,,ro the ctLuimns of the cable represent 
defined arel A d'"frt.es square kilometers); theii:f.rl (in 

rows of the t able represent the mean denstties of artifacts or
 
crop areas; andl each ce ll in W eribl, shows, for a given mean
 
density and area, the standar1 error (expressed as a percentage
 
of the mean) of 950 of all syrvey estimates. Therefore, this
 
chart can ftinct ion as ai ml e onl'-ip LA WI to determine -he
 
precision of any DartLisular estimate within that survey.
 

(iven the wide diverirv of crops under cultivation in
 
Rwanda, the snmpling intensity for an acceptably accurate
 
survev wiM1 be determined by the ledian size of the smallest
 
set of defined areas. in Kcinya, wh ici is divided by District,
 
Division, and Location, these are Locations which have a
 
median size of around 200kN 2 . In six years of surveys covering
 
over 1.2 milIion square kilometars, EcoSystems Ltd., has found
 
a fliht line spacing of 2.5k0 with a point sample photograph
 
every kilometer to be adequate. At 4.2 hactare coverage, this
 
retvresents one sample per 2.5 sq. k or 1.67 coverage.
 

In Rwanda , the sma lLest defined area would be the communes, 
which have a median size of 135 sq. k, but also appear to range 
from 6sq k ro 340 sq. k. In these circumstances, I recommend 
pLotting out the communes on the flight maps and actually 
adjusting the sampling inten.sity, compressing the flight lines 
over the snall1r units and expanding them over the larger or 
less den.sely ciiivated. I ay aAso turn out that because of 
the extreme fragmentation of the Rwandain fields or the types 
of cron combinations in,.,olved, t:y are difficult to interpret 
even Att the i centimeter - 7 meters scale. In that case, we 
.ill have tmo increse the scale of the photographs with a longer
 
lens or lower aIltituide and then,corresoondingly, increase the 
nuImber of friames exposed at each sample point so as to maintain 
a 4 hect:are sampoL.e (a preliminary review of tile test flight 
coverae seems to indicate that tHis will not be necessary). 
.;ince these determinations of adequacy are both subjective and 
subject to cost, I have included a range of options in the 
budget. 

Two other factors that might have a major affect on the
 
ujulits nof the survey ire errors and bias in the actual flights 

or intternre:atitor of the imagery. Errors and bias are two very 
different tiings. Errors are random and their cumulative effects 
canceL out. They affect the precision of the survey estimate 
and are quantified by its standard error and confidence limits. 
in contrast, bias is an error in a consistant direction whose 
ctimul ati'ye effect does not cancel oult. Biases can result from 
the de<sign of the survey, from the way in which it is flown, or 
K im the anaLysi.s of the photographs. They can affect the 
accuracy of the survey, but can be controlled or LeLd constant 
and compensated for as Long as simple precautions are taken. 
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For eximple, it is conceivable that Lihe fl;i:gii line spacinv,, 
might hac:y" ni 'e exictl7i .th some fe'iture of the landscape. This 
pn;s lb ilitv is minimi :ed by ori.ntatin; the FIN. : lines so that 
they cutr :cr, ; th dIli nan relief and drniIae features in the 
slir'.' el rei- the va riaces of the esti.nhate5 from a 
'ystem tic 1 , A.*'.:ayn biased in :n upward (posiltive ) 
di.rect in. i e; ic s:ample a:; therefore,ir:tvn y s;vtermat re 

ala; ys,'Inmtp: pi'o Wl indicated b' tile cal Icisied variances.
 

Bia; c n ,riq I. r:', the w v in which the aircraft Ls flown,
 
from inaccurate hav ,:it LII p ,r sfpe(d corlt rc I dpoor"height
 

control. However, the flight information coilected during the
 
survey is used to tesL .ether such biases are present, to esti
mate their Illagli t.u, :ild tdo correct: them before the data are
 

anal ysed.
 

The A:NS5TA navigar:jon system virtl"aly elimninates bias 
rfrom q;ros:; errors in navication. The accuracy of the GiJS system
 

h as been eo:;tedl by compad ring0, the (IS Lat/Ioil readout recorded 

when the camera was fi red againsr the lat/long derived from map
 
sheets. The photographs were first plotted on to ,p-to-date
 
1:2),000 scaLe black and white aerial photographs before being 
transferred to 1:50,000 topographical, maps. On a sampole of 300
 
comIparisns, the mean error in the GUS navigation system was
 
found t be M'ln s (,Meic 2), which is almost certail y an 
over estimlt e'.
 

The hefi ht above gronild level of the aircraft: arid r rained 
by the radar a]Itmeter is recorded every time a photogra,_, is taken
 
so that the scale and area imaged can be calculated exactly. 
This removes; any bita, from inaccurate flying. However, if the 
aLrcraft i in a straight and level al titude but che ground 
beneath it: is Rloping, the area photographed will be larger than 
that caiculaited from the height above ground level. The slope 
of the ground relative to the altitude of the aircraft is, 
therefore, another potentiaI source of bias. 

Fable 3 shows tihe slope angle of the ground under the air

craft for each of 4,200 qample photographs, Also shown is the
 
Icorrect:lnn factor', namel y the amount by which the area of each 
photo pp.r calculated from the height above ground level must
 
he mulItiplied to take the s lope into account, assuring that the 
direction of any slope was paral Iel to the direction of flight. 
Over the whole set of photographs, the mean correction factor is 
enly .00)80, so the influence of this source of bias is negligible. 

in ,enpral, bias from photo interpretation is minimized 
first by trailing the photo interpreters on the interpretation
key being used, and second y carefully monitoring and checking 

their nerformances while the photographs are being analysed.
 

The presence of bias can be detected by carefully re
analysing a sub-sample of photographs, treating the recounts as
 
giving the more accurate information. Table 4 shows the results
 
of recoutnting the number of houses and other buildings on a sub
,am le of 420 photographs. Over the whole sub-sample, the recount
 
gave a figure of 1,886 buildings compared to the original count
 
of 1,813 buildings, a difference of 3.7%
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The msn r imtir'r t "r.tac derived from the 35mm diaposir:ives
 
are tie e til.ates f crop area, cultivati on and other aspects
 
of lanat use l.Tablepr, ent:r an of A1
) anailysis ,arecount 116 
'areas'me ur ,Arn I I q'. i I ( If 351mm diapositive . A total of 
258 recuntiw;.'ere u:SriI O Lt on are s ranging from less than 
57, of rho iM n'.. 5o.f, l field AI:view. In no" vio over t 

case arc aiy t :eo w' it- sinni Ficautly iiftf rent fromi die
 
original1. c,nts .
 

";h, e ltie data in Tables A and 5 test the consistency of 
the piot inte rpreters ninr operar i ona L condi tions, a controlled 
experiment "i. set up r"t te t if there was any bias in the esti
mat:t i ies and M o'ips; frori tho design of the dotsn aisiing; 
arid itself ten 'r s we chosen (Table 6) rangingSev from
 

m J 292 ' A WO./M at thue averago int:erpretation scale, the expecteC 
number of dotm ran in; From I to 'in9 . Each area was counted in 
seven di.fiernt shApeis in which the ratio of Length to breadth 
varied trom 1.1 (Shape A) to K:25 (Shape F). Shapes A-E simulate 
fields, uhile ise 1 sF Lon, linear featuresha' imulat:es thin such as
 
roads and hedges,
 

ity dot counts were carried out on each combination of size 
and shape (Table 7). The first important result is that none of 
the estimares show aiY 1)1as, and in no case is the mean estimate 
of a siz'e/shape conbi at ion significantly different from the 
expected valte, Furthermore,the standard errors of the estimates 
are AL smal. grid is, therefore, providingi. accept ably The dot 
a cceu:ibi v Pirecise and apparentl y unbiased estimates of areas 
of dm -fferent shapes. Indeed, a r:wo-way analysis of variance 
(Table 3) shows that the shape of the area is having no influence 
at l..on the nmber of dots being counted; the only influence 
comes from the size of the area. 
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Appendix #!I4 

Option for 'eul rariica l infortitat ion Systems 

The t;ers qutide or -he I!JC(JNR' s Poi.nitInformation Management 
Sy S: I i S inc I ided in )ti i ppentdix and cot, tins an exhaustive 
explanation of tihe priier in with example.; of data output. However, 
a more ueneral. disciisi.ion of (,.I.S. 's is warrented, since these 

,te hvP been zOoct to mi sinderstandin gs that lead to 
.,..a intment -n the ionrt of the end ,.iser about their capacities 

and LimL tat ions 

Pa rrof thin C.o !; oil ri.ses from the fact: that the range 
of :'pp(-r tntly very :;imi itr G. I.S. programs available actually 
rep re sen i .,as e o>f conver wcnt: evolution, in as much as they 
develmOed irm tz.o di fferent disci.plines with different objectives; 
reSOUrce ma'tieileent ind cartog raphy . Co oversimplify this 
,IiStOrI, th re are two basi.c types of G .1.S. which are only 
partial lv coIpIatible at the P.C. level. The vector based system 
;toces *"idexpresses data as points, arcs, and polygons. It 

!grew ot: of the cnmplteri zation of cartographic plotters where 
the emtha!;i. was on dioitalt elevation models and the quality of 
1li,)p ,-o ct . ARC/'1FO from Environment al System Research 
Insti it e oI :1edland, (:a ., represents state-of-the-art for this 
tne.) The other type of (C. .S. files data in reference to cells 
withit a spacial. grid. They are the result of resource manage
ment pro; ,ras concerned primaily with the efficient tabulation 
and comparisnoi of atributes. Map preparations are limited to 
r-hemat i.c displays of revelent cel.ls, 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 at the micro-computer level. For instance, E.S.R.I. 
has a grid cell conversion progranm in their main frame program 
bit. not P.C. - ARC!N1Ff. On the other hand, proponents of 
Michigan States' Comprehensive Resource Inventory and Evaluation 
Sysftem (G. .I.E.S.) which i" probably the state-of-the-art grid 
program, claim to be abie to produce maps indistinguishable 
from a vecto;r based system. 

P.1..S. is firmly esconced in the grid system. Therefore, 

if S.F.S.A. or ASPAP wnts to expand its capacities to produce 
maps or foriimt dig jal elevation )rograns and terrain feature 
anialysis (line-of-site determinations or detailed slope modeling, 

et:.), t wi II have to add on additional systems that remain 

compatibLe with the originaL data hase. 

The Technosynt-hesi; Land usa maps are available on computer 

tane, in a rasterized and multi-strata form. These could prove 

an invaklable data base to the program, but will probably have 
tJ be reformated to whatever system is used. 

I've ta!ked to proponents of both systems and remain 

confused myself as to their relative virtues. However, 
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ARC-1ItFO conqs 09,000.(00, whereas S.R.I.E.S. project al: 
Michigan Stace supptie'; their program on a non-profit basis 
for $1, :). Aiso, Scott Witter has said they could convert 
the Itali.an tapes for tLe project. 
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CHAPTlI 1: OCrmrview of PIM 

1.1. un Oo teptof a PIM Enta Bace 

A PIMS data hase is made lip of a set of data records each of which 
represents a unique sample point. The sample points are spread 
throughout the qc<ix4rphiail ari for which the data base is created. 
1tey can be distributed rarr-mily, or systematically, at an even density 
or at variable densities. I Key can be systematically distributed in 
some parts of the study area, and randmly in others; and at varying 
densities in both. 

if necessary, the sample points can represent the precise location at 
which an observation was nmade, for example from a sample aerial 

raph. Alternatively, they (nn represent the centre points of U.TM 
grid cell!;, or AVHI pixels, or tfe centroids of a set of polygons such 
as population census zoies. 

The sample points can represent wfatever the user of PIMS needs to set 
up his data base. However, they set the ultimate resolution of the PIM 
rOta tse, for data cannot be ,ntegrat-d, ,Lvtn- C a'clvzd at a 
resoluticin finer than that of the individual sample points. 

pinS recognines mrch individual sample point by a unique tbmns t/b
unit coxxe (the etwiology of the transect/sub--unit dates from the early 
origins of jqMS), and there is a one-to-one correlation between an 
individual romple point and an individual record in the data base. Both 
share te same transect/sub-unit code. 

1h first step, therefore, in creating a PIMS data base is to establish 
the precise location of the sample points and their unique 
transect/sub-unit codes. An overlay, at various scales, is also 
essential, so that the sample pints can be physically represented an 
maps and other thematic material. 

1)e next .4tep is to assign the ,ample points to whatever polygons the 
user wants. These polygons can be Districts, Divisions and Locations; 
population census units; aaro-ecological zonesl altitude or slope 
classes; AI!R/NUVI strata; distance from roads or rivers; catchment 
areas of boreholes, hospitals or service centres; soil types; 
vegetation zones; or UTM grid cells. 

T1e polygons fulfill two purposes in a PIMS data tmse. First, they 
allow any data associated with a set of polygons to be incorporated 
into the data tae. For eyample, 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 %arying 
distances from a road; or the climatological variables associated with 
each aqro--eonlogical zone. Second, the polygons are used for the output
 
of data. 

These "'re the two basic functions of PIMS, which permit PIMS to 
integrate data from different spatial units. For example, rainfall can 
corne into a PItS data base by agro-ecological zone, and be tabulated by 
District. Or population density can coxe in frcm census units, and be 
tabulated by soil type, and napped by [M grid cell. [ata are in effect 
"atcxnised" at the sample point level, and are later condensed again in 
any appropriate format. 
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The data structure of PIn; is very simple. All data variables are 
associated with all sanple foints and with all data records, and every 
data record han, a value for every variable in the data base. 

A.ssume., for example, tat the iiTTwie points are cxxed for Districts. 
'Thre will be a variible ir the, dam ta-se called "DISCODE", which will 
lave a set of permitt -i ,flie, such as "01" for Kericho, "02" for 
Kianitu, "03" for rbrok, andi so "n. Fact) sample point is associated with 
an individual District, and F;o is unch chta record. Rvery record will 
have a value for tts? variable "DISCODF". 

"Ole san~le points ray also be cxed for listance fran a 'inain rcad. 
Again, the. data tase will hold i variable called "DISTRY'D" with values 
"01" for within 5km, "02" for within lkin and so on, Every data record 
will have a value for "DISMThD". 

.. -- might be a transport ocst "'IIAflCST" associated with each value 

ot "wISrIoAD", 50 units for within 5km, 290 units for within 10km and 
so ai. Every data record will lave a value for "TRANCXIr". It will cme 
into the data base in the. forn of a look-up table, which will give a 
value of "RANCRO" for each value of "DISIRDAD". Cnce the data Inse is 
updated with TRANCOST, then the average transport cost for each 
District can be calculated. 

Bly atoainsing all data at the sample point level. PIMS provides 
inst3ntineous overlays of all polygons and their data, in any 
cxbj naicr. Furtlerirore, since every data record has a value for every 
vari2.ble, it is straightfonrwrd to reccubir* ard modify variables in 
the data Lase. 

PImS follows the conventions of the dtaseIII standards, so all data 
files and output files are freely transferable between packages. PIMS 
provides data integration, ar does not attempt to emulate statistical 
or mapping packages. Data nay be transferred to such packages for 
proyessiro as and when required. 

A final point to note about PINS is that it is designed for reglonal 
applications at recomaissance level. Typical PIMS data bases cover 
areas of between 5,000 and 60,000 square kilcrretres, with a resolution 
of one a ,inpiepoint to 3Kin2 in the .,allerareas and perhaps 1/25Km2 in 
the larger areas. PIPS is not designed for high resolution data bases 
in mtall study areas. 
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1.2 F1M FturcO 

propsoing zArvJtage 

PIMS Ls a suite of ndular fogr, utes written in Clipper (Winter '86) 
the Ashton 'rate dEase3+. Although awhich is a cxpiled version of 

detailed knowledge of dBase3 is rot required to use the PIMS system 
successfully, a imssing krwledge will be of advantage. 

Since all PIMS data files and dnta structures follow the dBase3+ 
cmnventions, it is easy to transfer data to ard from PIMS. For example, 

to any word processing package to becompleted Tables can be sent 
can be sent to Lotus 123 or to aincluded into a Report; or data 


statistical pac)gqe for sophisticated modeling or analysis.
 

-- .rAWMe aMd Lee 

individual data rases are identified by a fourIn the PIMS environment, 
All data reside in a directory named with thischaracter Projct Qxk. 

have the code as the first four same code, and all data files 
file in the PIMS directory calledcharacters of their names. A special 


the Projects Fils keeps track of all projects created by PIMS.
 

%aribles 

Fach variable in a PIMS data tns, is identified by a two character 
a full name. The unique twocode, a data type, a short name, and 

character oDde is generated autaatically t7yPIMS and is used prirrarily 
purposes. They are mostly transparent to thefor internal housekeeping 


user.
 

the data type tells PIMS where variables are, and what to do with them. 

Five data types are recognised, class, index and numeric, and two 
which are held in a racked format.special 'CC' and 'DD' types 

used for all routinr, data baseThe eight cloracter short names are 
headings of Tahles. Inapplications, and form the column and row 

a much more acoletecontrast, the 40 character full name allows 
is used in Table and map headings.description of each variable, and 

class variable has an individual shortFurthermore, each value of a 

name and full name.
 

PIMS Ins very efficient housekeeping functions which keep track of all 

names are generated autcffatically, and only the 
activities. File 


must be entered. A spncial 
 r'ile* i-0,
description of the file 

of all created files. 
residing in the PIMS directory, holds details 

application. 'his 
PIMS even selects the most appropriate file for each 

but can always be overruled. All other 
selection is usually correct, 

mrnagement are transparent to 
aspects of file management and vwriable 


the user.
 

1L.3 PI16 Sytw HMNule3 

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

branches spreading away fran the opening menu.
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W IUz1: Crmte New ptuLec 

By creating a smroll, self-contained Project holding just those 
variables of interest for just the areas of interest, a planner can 
concerntrate on the data of iiumdiate importance to him, arid keep his 
special files, 13 art am lysos sepirate fruri all other users. 

Hintz It is also extrefiy Lu;eful to tave a .Qinll project for learning 
the PIMS rout~nes on and for trying out the data retrival and 
imniipulatlion procedures. 

The user first eiters a four cihracter Project Ode and a description 
of the project which are entered into the Projects File. PIMS then 
creates a new directory mncd with the project o-)e, and all project 
files and project data reside within this directory. Furthenrore, PIfS 
uSes the project orxle as the first four characters of all file nmes
1. --,? for the project. 

'The user next selects all, or a range, of data records from the data 
Lase and all, none, or a range, of variables fran each data record. The 
slnort nmes of all variables are displayed ori the screen and the user 
simply indicates which one are Aanted. PIMS then copies the requested 
(iita records and variables over to the new directory, naming the files 
as it does so. 

MXULE 2: Data ietxleval 

Creating a Table 

Lata are retrieved from a PIMS data base in the form of lbles. 
'IThe rows of the tables are restricted to one of the clasTs----ta 
variables, while the oolunns of the Table can be any variable in the 
data base. 

From a screen display of all short nmes, the user simply selects a row 
variable arid a column variable. For example, selecting Divisions and 
maize will produce a Table showing the hectares of maize in each 
Division (Onble 1). 

ix- five data types are treated schlewrilt differently in the table 
routines. tluneric, 'DD' and 'CC' data types are totaled within each 
selected stratum to show the total numzbers or hectares within each 
(e.g. Table 1). In contrast, index variables are averaged and show, for 
ex.mple, 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 TIn square 
kilo*etres) of each value of the class variable within each stratum. 
Table I, for example, shows the square kilometres of land classified 
as being of 'lfigh', 'MedJum' and 'Low' potential in each Division. 

A third kind of 'ibble is the Frequency Table which analyses the area of 
each stratun ar the number of sample points falling in each (able 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 usvd to validate the selection of only a few out of a range of 
strata.
 

A Condition -mn be defined when creating any of these Tables. For
 

example, Maize "abo-ve 500 meters".
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Fnjaipola trQ iables 

rurin inbie creation, PIMS restricts Iables to a single row variable 

(e.g. Divisions) and a siriql clun variable (e.g. Maize). It doF. 

this tc. keep thinqs as s raiqhtforwOrd as possible, and so that each 

Tible can be checked irividLnilly. Subse-quently, the 'Pibles can be 
Iianipulated in mny diffetent wiys. 

Tables cn be ii__ied so tihat thair (atm appnr togetler. For exanple, 

Table 5 conitains tf- data cn Maize froir 'able 1 ar d Average Slope 
Angle fun 'ibble 2. 

Hierarchicif[ tabulations are achieved by Ap-in_ Tables onto (ne 
another. Ible 6 s ows tie populaticm for each1ivisicn followed by the 

This ws acmieved bypopuhiticx for coch Ijxation in Ench D)ivision. 

mkinq individunl tables of poWlation for Divisioms and Locations, and
 
then appending them.
 

in a mfable once it has been created. Inmw %pariables can be rmwd 
'b--leT6, rw--w variable \DJPDFN displays populaticn densities as 
oFVoed to pr1ulation totals. It ,as nmde by dividing the variable 

P)P79 by the AIREA of each stratuin. 

YkWM 3: File ?rmgant and Utilities 

This mcdule cmntains a useful set of file r[anagement routines aid iile 
utilities. 'ilty allow a user to find out all about the files relating 

to a Fartiolar project. 

Project Description 

This facility list all information on all files in a Project. It allows 

a user to obtain a ctxolete listing of all data variables and all dbta 

files, with their full descriptions. 

File cataoirjue
 

'ilds providkes a printed catalogue of files for a given project. The 

catalogue can contain all the files or just a selected file type, for 

example cmly 'Qible files. The catalogue lists the file mame, date of 

creation and a short description of each file. 

File Structures
 

These routines list the structures of all, or selected, files. The 
mine, tP date of creation, the nvkner c'structures show the file 


records in the file, and the individual variables. This is extremely 
useful for the precise identification of files. Up-to-date file 

should always be obtained when creating new variables frastructures 
existing variables.
 

File Contents
 

qTese routines print the contents of all, or selected, files in a
 

standa rd forna t.
 

File maintenance
 

These consist of a nter of specialised utilities for file
 

ma intenance.
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13ckup and Restore crfy:ites hicki , oe of files, arz, later restores
them to use. Export Files allow files to exported out of the PIM
environment for use by other software packages such as Lotus 123, 
dBase3+ or SPSS.
 

Selective Copy and Merge aIgctselected litt],., bits to be cut out fran a niu ber of files and nKgrqed for polished dat-i presentation. Delete
Variables allow Uiinted variables to e dunp], while Delete Files
allows whole files to Ee delvti- frcmi the systen. 

Cnne Defaults 

"'lis allows the current PIMS configuration to be changed. PIMS can beswitched between Projects; entire Projects can be deleted; printers can 
ce camnqed; and new anes defined for PIKS to use. 

IIIULE 4: Grid cqmmr MpiM~i 

vill4 qrid cells form extremely convenient thematic aapping units, and any variable or crnbinatiol of variables in a PIMS :bta base can be
napped. Thiese Lin grid cell nups provide a significant aid to
developnent planning and conpliment the always sonewhat dry data
tabulations by showing the distribution of resouro'.s throughout the 
planning aroa. 

.Crtatinq nj)5s 

t np Files are r1ally just specialised Thble files, only the data are
tabulated for ench individual trM grid cell. Frun a full screen display
of all variibles, the user sinply selects a variable for napping. 

t0uneric data types are convertvd to show the nLlnbers per square
kilometer or the hectares per snuarr kilometres within each grid cell. 
'Thus, a grid cell nap of naize will show tle hectares /km2 in eac.
cell, while one of population will Fihow the nubers of people /km2 in
each grid cell. Index data types are averaged, as they are in nonal 
Itbles. A n-p of elevation will thus show the averqe elevation in 
each grid cell. 

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

Printing Maps 

Mps can be produced for the whole of a planning area cc for a select(:,:
[art of it (known as a "wirAkw"). Headings and legends are provided bythe user at the time of nauing, and a nap key is created
autonhatically. The map key refers to tie entire map; but if a window Is
printed PIMS makes a separate key just for the window, but does not 
store it permanently. 

Manipulating __ Files 

Map files can be mnipulated in saine kinds of rays as other files.
Files can be merged so thlat a single file contains mny variables for
each [YIN grid cell, new data var iables cal be created, and files can 
be exported to other software packages. 
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WMxIz 5: 113dify Cflta IS2Aw 

PHiS provides V vcrful routires for iridifying and uFp±3tirv a data Lase. 

'1ie three important routine.s- nre Create New Vnriables, InFt a Lookup 

'luble and Input a flewct-ratnr. 

NPw uers are str(ojly -dvis(-d to practice_ these procedures on a1hit, 

small test pr)ject created Fpecificnlly for thiis purpose.
 

create New '%riables
 

rx-ew variables (Newvars) can be created at any time in a PIMS data base,
 
ard they differ frown new variables in the Mbles or Mp files in that
 
these routirnes inke a penrunent change t) the (hta hise. PIMS places
 
two important restrictions on the ways in which Newvars are
 
created and dita variables are nnipulated.
 

First, a new variable must be. define] in full to PIMS, including the
 
two chracter code, the chta typef, the storage requirements, and the
 
short and full names, b fore it can be entered into the data base.
 

Second, no variable already existing in the data tase mtn be modified
 
iT etly. It must first be copied into a new position with a new irfe. 

'Ibese two restrictions avoid the worst sort of disasters in which 
irT-rtant data variables are overwritten or modified by mistake. 

Newvars are created interactively using the dase3+ language, using 
che codes arethe variable oudez. Ibis is the only place in PI5 where 

used, and it is most advisable to have a recent listing of the 
befie starting to modify the variables.structure of tIhe Position File 

Using the dpase3+ languaqe potentially gives enormous flexibility to 
the wiys in which data variables can be manipulated and transformed. 
In princiral, population might be projected to ten ad twenty yesrs 
aheid to qerwrate Jnsights into demafnd for land and services; or 
elevation, temperature and rainfall might be_ related through a 
regresnc e(luation to predict the yield of a certain crop. DEta 
might: also be nunipulated to create new class variables, of crop 
suitabilities, or land potentials, or areas of projected 

new classcs can themselves foisurpIu/deficlt of resoutces. These 
r'ew strata for aralysing data. 

In practice, however, the PIMS routines are deliberately restrictive, 
and the user is encouraged to carry out c~uplex dat manipulations 
outside the fonrmal PIMS environment, using dBase3+, Lotus or SPSS. The 

IST-Tita file will not be affeched by this, so long as the r,' 
to PTMS, and so long. as the hasicvariable has been defined in advance 

adivsable to makestructure of the data file is not altered. it ismost 
a copy of the Position File (using selective copy) before modifying and 
manirulating data variables. 

Note: lbe 'LU' and 'CC' variables that are held in a packed format 
cannot be mafnipulated until they are unp:acked bLyccfivertlng thcm to the 

tN or ID fornat and passing them up into the main Position rile. 

In%ut New Loo,-Up Tables 

into a PIMS data base in a 1ay veryCcpletely new data are entered 
to that in which data are retrieved from it. In data retrieval,similar 


'inbles are created which sumriarise selected data for selected strata,
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for example mai2e hectarrfs for each Division. In data L :try, a IDX*-W 
Uhl is created which containis iv~w data for the same set of strata. 

In this uay, any data relatinyj to any existing stratum in the data 
base can be entered by imnns of a Lcok-Up table. For example, data on 
crop production, h|Itli ai d school atterndances which have been 
collected for all (or sce) [/tions can be entered by simply creating 
a Look-Up table. In the -. e %'y, all data associated with the agro 
ecological zaxes cnn he entered into the data base. This is one of the 
most powerful and useful features of the PItK3 software. 

When creating a rDok-Up table, the user first defines to PIMS the 
itrata (for example Divisions) an each of the variables to be entercd 
(in terms of ales, data tylps, ar] mines). PIMS then creates the 
Lock-Up table ready for Innnnl entry of data. The [cok-Up table can 
then be listed, validated and edited before the data are finally 
entered into the cita base. Table 7 shows a [iok-Up Table holding the 
rates of population increase in each Division. 

Once the the Look-Up table has been created by PIMS, the data may be. 
entered into it by any other programne (dBase, Lotus, SPSS et-- 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 analysis package for 
detailed analysis; and then the results can be taken back into the 
data base in the form of a Look-Up table. 

Input New Strata 

It my sametimes happen that a cninpletely new set of strata are 
required in the data base either for for data retrieval, or for data 
entry, or for both. Famples might include special development areas 
within which different approaches to development are planned; 
geological strata for investigating mineral potentials; or catchments 
and sub-catclmzents for watershed management. 

In each of these examples a new set of strata must be entered into the 
data base. This is achieved by simply assigning each individual data 
record in the PIMS data base 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 is entered from a Fraw-o file 
(Table 8). Here each record assigns a set of data records to an 
individual stratum. 

once a new stratum is entered it can be used for both data retrieval 
and for data entry. It is used in data retrieval by selecting the new 
stratum 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 carried out before a new stratum is 
used. First, make a frequency table and check that the areas agree with 
the map. Second, mp the stratum to ensure that all TR/SUs were 
assigned correctly. 
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MIAP1'ER 2 xYSIM Sm.LIUJM 

2.1 Disk Maagemat 

Selecting hum Disk Drives 

PIMS will ruLn oa any a.,t,irliti(i of disk drives, but is most usually
configurm] to run cii a hard disk. in any event, run time prompts at the 
opening menu allow the designated drives to be cianged. 

The PJJM Directory 

The PIMS proqrarrwus and system files must reside in a directory called 
PLMS. 'ITis directory will contain tie following files:

PIMS.MAT a iatch file to Icad the programme 
APS.FXE the PMIS prograirmes 
E)CfYS'7lNS.S$1 control file with configuration data 
SKELONIM.DBF a skeleton file structure 
APSREPLY.PPn riust be there to fool MS.DOS 
PfCIJE-'IS.DBF a housekeeping file logging all PIMS projects 
FILES.IBF a hxousekeeping file logging all PIMS files 
rnrme.PDF printer definitic.n files 

PIMS can be run in two vays. The most convenient is to include a path 
to PIMS in the normal AYIOFXEC.BAT file. PIMS can then be run from 
anywhere on the disk simply by typing PIMS. Alternatively, go to the 
PIMS directory (cdJPlMS) and lcad PIMS. 

PINS programing LAnnguage 

PIMS is written inClipper (Winter '86), a compiled version of dBase3+,
 
so the data files and data structures all follow the conventions of 
dBAse3+. Although a detailed knowledge of dBase3+ is not required to 
use PIMS successfully, a passing knowledge will definitely make life 
easier. 

TIhie great advantage of following the dBase3+ standard is that PIMS data 
can be easily transferred from PIMS to other packages, 3Uch as dBase3+ 
itself, LJJTuS 123, SYSTAT, SPSS among others. Similarly, data created 
by these packages can easily be taken into the PIMS data base 
envi ronmnt. 

it is therefore possible to gain access to the PIMS data files "through
the back door" by using dBase3+ rather than PIMS. kHwever, users are 
strongly warned agcinat doing this. PIMS is a very tight system, with 
nunerous cross checks and housekeeping routines. If you break in 
through the tack door, the system may well crash in sone spectacularly
unpredictable ways. Users are also strcmga y 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 and put the 
data safely to bed. 

Project Directxies 

All the data files for a PIMS data base reside in a project directory.
This directory is named with a user selected, four character PcJectI 
(Ode. All data files for this project have this four character code as 
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the first four character s of their riame, and tie axle is stored, along 
with a description of the project, in the Prdrjects File in the PIMS 
directory. 

Mien using PIMS, the first '.,-n praiipt is to select a project. The 
four character code is entered, ail this sets a path to ti correct 
directory. 'INe :th is chatned wienever a new project is selected. 

When a new project is created, by celectirq a sub-set of dato fran the 
nnin data tnse, PIMS, stores the ode and project description in the 
Projects FIle, creates a new directory, and sets a new path. PIMS also 
rinames 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 code and description 
from the Projuits File. 

HIMN: If a project is deleted by mistake, use undelete utilities (such 
as NORIUl'U. First undelete the directory; next undelete the files. This 
will work if you undelete imnedlately, and lave not done anything else 
on the disk. You will then have to use dPase3+ to put the project code 
and description tnck into the Projects File; and the tame of every file 
and its dl',cription into the Files File, both in the PIMS directory. 
GCd Luck: it is best not to delete the project by mistake. 

axnwkeephwM 

PIMS has very exact housekeeping routines to help you along, especially 
concerning files. Every file is named by PIKS when !t is created. A 
full description of the file must be entered, after which the name and 
description is stored in the File File in the PIMS directory. The file 
descriptions are important. They remind you what is in the file when 
you come hack in six months. 

When creating and naming a file, PIMS automatically selects both the 
correct file type and the correct generation numker. 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 from the directory, and purges 
its name and description fria the Files File. 

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

2.2 [n ta %riables 

all variables in a PIMPS data tase are described by their code, cbta 
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 Loutines updates the Code File when new variables are 
created, and removes them from both the code file and from all data 
files if they are deleted. A deleted variable is truly deleted, and 
there is no wey of bringing it tack to life. 
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Ita Qxkw 

Each variable is defined by a unique two deracter Oode. These codes 
are generated autcuatically by PIMS aidJ are used nainly for internal 
housekeeping. There reiiairis, lowever, one routine where the codes must 
be used. 

Ita Types 

PIMS recognises five Data Types, class, index ard numeric, and two 
special 'CC' aid 'I[' types that are held in a packed format. The data 
type tells PIMWS where the variables are, and how to use than in the 
data b3se routines. 

Claa (Type CL) 

Class variables have discrete values which cannot be treated 
mathematically. rTlus, the class variable "Nation" might have the values 
'01', '02' and '03', Indicating 'English', 'French' and 'American'. 
liable 10 shows the values ot tI class variable 'District'. Each value 
is quite distinct; there is no such thing as an 'average District'. 

In the PIMS environment, these class varia-les usually represent 
contiguous geographical strata. They have two impA)rtant uses. First: 
they are used to analyse data (Table 1), each value of the c-as 
variable forming a row of a Table. Second: they can be used to create a 
Look-Up Table for entering new data-i-the PIMS data base. 

Numeric data types store totals; the total hectares of mize, the total 
nunber of people, the total nuTber of houses, the total hectares of 
natural vegetation. When analysed, numeric variables return the totals 
within each selected stratun (able i). 

Index ('tpe ID) 

Index data types store continuously varying values which are to be 
averaged rather than totaled. Examples are slope angle, elevation, 
distance from towns, maize yields (Tonnes/11a), rates of popu]ation 
increase. Within a stratum these values are averaged (Table 2) to give 
the average slope angle, the average elevation, the average maize 
yield, the average distince to towns. 

Special Cases (Typ" 'TE' and 'WU') 

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 mnbers (the 'CC' 
indicating a count on an aerial photograph) and 'DO' variables generate 
total hctares (the 'DDI' indicating tat the data derived from a dot
count on an aerial photograph). 

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

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 
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unpacked. Ifiere is a special routine in the Modify rata Base nodule for 
doing this. 

PfrJ Width and DisiI1s 

'ids defines the widthi of the (hta field required by a variable, and 
the nLTinLr of deinal placeg. 'Ilisese follow the dPase3+ conventions, in 
that the decimal point is included in the field widtn. The field 
xxxx.yy is thus defined as widti-7, decimials2. 

9(mt and Full tlameg 

Thle short and full rnffes are (Lqed b,y PIMS as colurn headings (short 
names) and Table hea-]ings ( full names). The short names are 
particularly important, for they appear in all variable selection 
routines. 'Ile eight. character short naines should therefore give a good 
indication of fiat the var4.ible is. The ome XX0l/4 is quite valid, but 
IMnvns little to tP casLIl cherver. In contLast, POP79 suggests the 
variable )'as saiethinq to cb with population niadbers in-The year 1979. 

Ixtxtnt Note: 

'Aie individ.al values of each class variable also tave short and full 
name-3 (Thble 10). The short rmesp, however, must be chosen with care 
tpaause they are used to create vnrlahAe nanes in cross tabulatl. 
routines. qfTerefore, tie sbort names rruit beqin which a character; and 
can contain ar.ly the ch3racters A - Z, 0 - 9, and the underline; in 
other words tley must conform to the dfase3+ convention for variable 

Defining a New Wriahle to Pims 

Any irw rariable enterd into the data hase, or created within the data 
base frOITI existing variables, must be defined in full to PIMS. PIMS 
automacically selects the two character code, using the next one 
aailable while avoiding certain illegal or reserved odes. The user, 
hc'iever, Inust enter the data type, the field width and decimals, and 
the short and full name. Thiese are all stored in the Code File. 

Ontroi wriables 

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

'lISU N 7.0 	 The transect/sub-unit uniquely codes each record 
in the data base. The TR/SU also relAto, 
directly to an individual sample point within 
the study area which is defined by the same 
TP/SU code. 

liz N 4.0 	 The idividual transect number. 

SU N 3.0 	 'Ihe individual sub-unit number. 

BigA N 8.2 	 The arm (km2) represented by each sample point 
in the study area. 

LittleA N 8.2 	 71)e arm (hectares, of each sample photograph at 
each sample point (if sample photographs were 
used as a source of data). 
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NSW'LF " N 5.(J 	 P turv; tft 4 nunbkr of oite -i-t,falling in 
allY strattun of te di ta tnse. 

XYL C 4 	 '11, :',-YY itra.irmiil ole for iMM qrid cells. Note 
tlvitlatll,,,'q this is a Class variable it is not 
availihr, tfor 1,4 as a strativ, sinc tle code XY 
is tfservf- for sys ' -- - ' t y. 

A0L C 4 	 A oqy o the XYL variahlp. qhis Class variable 
is ai1lahle for ui;e, either for makin tables 
of XY values, or for enterirq into tP data base 
data c rmd', IFIM grid rrjuares. 

Ifhree of these variable c-tcrri the user of PTIOS. Rig A generates in 
every table t)e arfvi (in -1qmire kiloti.tres) of every stratum, while 
-1NSAKPL qen-riate2- *.-o numnor of -upie pints in mdi stratun (see 
'Iqble 1). 'Iliese are t:vful, fer they rnn Le used- for wiqhting the ros 

of the 'able shleuld th.e da tihe oxprted to a statisticnl programme for 

ailys is. 

'Ilie dhird i1iDrtAnt control variable i.- the iv/Wt. iis identifies 
uniquely each individual record in the (dtai bse, and it reat- s 

study area. Jie 'IV'SU are used todirectly to a amiq)le point in tfle 
define new strata to the PIMS data tase, by assigning each sample 
IxAnt, an] therefore each data record, to an individual stratum. 

2.3 PIMS MMhE
 

Flle Nue 

File mns ar(. created autoaitically by PIMS fran the project ode, the 
file type and the generation numiber. 
'Te file rnlie nD(PSI is thus rade up as follows:-

Project: [D.YO 
File ETe:P rostion File 
(;eneration: 01 Ithe First PS File Created 

the same project oxde reside in a directory of the sameALI files with 
name. Fjch file type is used in different parts of the PIMS data base 
routines, and the generation numl>ers are uiTbted automatically whenever 

a new file is created. 

There cnnnot be more than 99 qeneration nteimers for an individual file 

type. Files must therefore he erased fron time to time, after -ifi' 

generation numbers are created, filling in first any missiM gaps. 

File names are all stored in th- Files File wtiid is found in the PIMS 

directory, alcoyj with the user-supplied description of the file. These 

descriptions are iuportant for thiey remind the user as to what is in 

the file. File rmies are erased fron the Files File whenever a file is 

deleted. 

The Mmin Data Inse Files 

data and control variables. These 

are the code file, the label files, the position file and the main data 
file. 

Four kinds of files fold all the PIMS 
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Oxe File (J /TypeCD) 

t*e Code File (bthle 9) Wlids the axJe, data type, field width ard 
detiTIls, arid sort. aidl full rnms for every variable in the data base. 
It is urxiated whenevor ; nw variable is added or created, and a 
variable is erascd Iraii tio file whenever it is deleted frin tfr data 
base. 

Label File (T3pe 13) 

Utlabel Files hold the iryividuual alues for emch class variable, along 
with their short arnd full rames ('lable 10). Note that the short names 
must follow the dase3+ conventions for variable names. le [label File 
is rained in a different wey, in that the generation number is replaced 
by the t.o c.haracter cx]e of the class variable. Thus, the label file 
shown in qbble !3 is ramed IFMIA3: this is interpreted as project 
dame 1EM, file typ. UI (label file), for the class variable coded A3. 

proitiln File ('Pje PS) 

This is the Iost important file in the data base. It contains one 
record for each saple point in the study area, both coded by a unique 
Th./SU; all the cxmtrol variables; ad all CL, NN and IL variables. 

All new data go into the Position File, both Class variables in the 
fcrm of ew strata, and ,tIreric ard Index variables in the form of 
Wok-47p 18nles. Furthermore, the Position File is where new variables 
are created by nnipulating existing ones. 
When the Mcked data types are unr nckd (the SC, CC and DD data types), 
they are transferred to the Position File ifhere they are converted to 
the N or I,) formit. This rw allows tban to be nanipulated to create 
new variables. 

%;iriablescan be deleted fran the PosItion File, and Position Files can 
be merged toxqether. Whole sections may also be copied out into a 
new Position File with a new gene-ation number (selective copy of 
variables). 

In general, it is a good idea to keep the first generation number 
Portion File as the scure data base, and add to it all new variables 
as the data base is updated. For analysis, or for variable 
m-inipulation, just those ,ariables needed can be selectively copied 
into a new Portion File, leaving the original untouched. A new vmriable 
created by manipulating existing ones cnn always be copied back into 
the originl file if required. 

Miin [mta rile (lype t) 

Ve min data file contains the lacked CC, DD and SC data types. This 
is a special file set up only when aerial photographic or census strip 
count data are incorporated into the PIMS data tase. 

The 1ncked data variables can be accessed for normal tabulatioivs and 
ITlrping, but crnnot be [anipulated to create new variables. To o this, 
they must first be unracked and transferred to the Position File, where 
their for Tut is changed to the Nin (total numbers, or total hectares) or 
ID (nrtnbers/km2, or Ha/kai2) formats. Note that they are removed fran 
the !-in T-ata File when they are tzansferred to the Position File. 
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Dot& netrie m Iles 

Tshle Files ('rype in) 

Vhe iable Files are the anin vehicle for data retrieval from the PIMS 
data base. '1O sitiplest table contains a single variable (NN or ID) 
armlysed frT a single strjtuti, a; is shown in Thble I. 'Dible files can, 
however, be merged tcqether so tUt nany variables for a set of strata 
occur together ('fable 5). Furthertore, new variables (nn be ande in a 
aUble File ('1nble 6), ad %,ariables tiny also he deleted. Table Files 

tiny also te ajpxpnded together ('lable 6). This is particularly useful 
for hier-archicml arulyses. 

Firnlly, a Jubie File can be exported, either to a word processirg 
nckaqe such as Word Star, or- to a statistical packige for analysis. It 

is here that the Aroa arld thfb r of :;Arrples is useful for weighting tlhe 
&lta in each of the strata. 

Mlienver a riw '|Able is crm"tedi, a Tanle File witth a new generation 
inuxlkr if oj*nd by PIMS. '1 user-suHd icd description of the Tiable 
File is stored in the Files File along with the file name. All this is 
er-ased from Files File when the Table File is deleted. 

The Crown Ibulatirn File (lype XT) 

Th- Cross 'ab File is created wh.tenver two class variables are amlysed 
tcjether (lable 3). qfiey can be merged and appended in the same way as 
qble Files, variables can 1e created in them and variables can be 
deleted. They are exported in the same way for word processing or 
statistical analysis. 

7be~ Frequecy File (Uype FQ) 

Thfe Frequency File is used only to find the size of a set of strata and 
the numnter of sirple points within each. It is used for cross checking 
after a new stratum Ins been added to the data tnse, or if a stratum 
has teen mdified in s ae by rTiranipulating variables. 

Im~4)ing Films 

map Files (Oype XY) 

,.vp files are created to sake UIM grid cell maps, and they have a 
record for each xy grid cell, along with the Area and the ntmber of 
samrples in each. The XY file is really just a speci3l kind of table 
file, but the data types are treated sciaewhat differently. 

Irnde+x (ID) data ty s are averaged in each cell, as indeed they are in 
ordinary tables. In contrast, Numeric (NN) and the packed SC, CC, and 
m1types are all expressed as densities per square kilometres, in cther 
words as nunbers/Km2 or as hectares/Kn2 (percent cover). Finally, Class 
(CL) data types are treated quite differently. Fnch cell contains the 
m~at frequent class value or, in the case of a tie, the first. 

Key Files (Type KY) 

PIMS automatically generates a map key for each map file, the 
generation nurner 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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tmtn Bum Mdif1cntim 

[E*-L lhbtles ('1yr [LI) 

A lok-up [bble is the w, in .fiich new numeric (ml) or index (ID) 
variables ar entered into a PIMS data Fase. An individutl look-up 

table is created for an iillividtnl class variable, and chta for ech 
stratLil, is then entered. 'lble 7 shows a simple [fok-p table for each 
D)iVisicXI in a stuYJy arfi. 

Being a drbsej* file, the Lk-u[ table can in fact he rmde outside the 
PIMS envirclinent, once0 its fontvit has [een crmted by PII;S. Tlis allows 
flexible interctnuqe of data Letween PIMS and other jmckaqes. 

Fnn-'Ib Files ('P11Te FT) 

T'heI rorn-Io files d-fire axlpletely rew strata to the PMIS data knse. A 
new stratuin is definxed by the c-aqinle points falllrg within each, and 
the Frmic-Ilo file allcws sots of clta points to be assigned. DIble 8 
shows a sectioxi of a Fo il-mIt file. Fach record defines a set of sample 
points (data records) and assiqnvs them to a stratum. The class variable 
will hive alreody been defined] to PIMS in terms of its code, field 
width, siort and full iinl, and *sch of the class values will have been 
entered into a label fiie. 

SYr'iM Fi]XM 

PImS has a few system files which are important to know about. 
PqljEiM.MV Wi?ds UP project code-; and descriptions while FflS.EW 
holds the rtBuls and descriptions of all PIMS files. SE1M.12F is a 
skeleton file structure used within PIMS, while EOXS7HVVM.$$1 holds all 
kinds of control data and logos. Finally, rmme.P!V indicates a printer 
definition file, th name being the name of the printer, and any 
rmue.IXT file is a PIMS file that lo been exported in &SCII format 
(delimited or undelimited) for word processing or other uses. 
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- wqtt 	A1.20 

trble 1: 1kctares of MIize i Mch DIviniam of a Stuly Arm 

Pecd. AM'E ABL ARFA H;UWlPL.FS MAIZF.85 

1 K4ALA 441 1119.981,0 2131 16398.04 
2 KILCE 442 1407.7200 226 I935.26 
3 MIXOJI 443 565.870f) 93 6503.67 
4 MAKUF2E 444 1973.6200 .123 19836.81 

Notes: 	 I ecd: 'ecord in tUie hble F'tie
 
pr tY - short imig! of fich Division 
ABL: U. cfif,, and vtlue, of each Division 
AEA: arcil (VYn2) of cnch Division 
NSiMPLF.5: tI( u(Lub.r of miiple points in each Division 
MAIZE85: the short rmito for the variable Inize 

MLble 2: HmPn Skpe Angle in Bich Divisicx 

Recd. WAMEAOL AITA t6AMPIFES S[)PEDEXJ 

1 M4ALA 441 1419.9800 231 5.54
 
2 KIItLVE 442 1407.7200 226 8.58
 
3 MB(X)I 443 565.8700 93 8.84
 
4 MAKUF/IN 444 1973.6200 323 4.69
 

Notes: 	 as for 'Inble I 
SLOPEDFV, as average slope angle 

Tdle 3: Land Suitability in Ech niviaion 

Recd. NWVE AIIL 11IGH MEDIUM 'JWIMAL 
1 t1LLA 441 724.53 541.48 153.97 1419.98 
2 KILME 442 51.84 1072.40 263.58 1407.72 
3 MBOONI 443 135.25 373.27 57.35 565.87 
4 MAKUEINI 444 513.93 531.51 928.18 1973.62 
5 'IUI'rAS 1425.55 2518.66 1422.98 5367.19 

Notes: 	as for Inble 1 
HIGH, MEDIUM, Li in square kilcrieters 
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..Pae A1.21 -

Mbe 4: FrL y Analysis of ivisi(nS 

FRcd. WE ABL, APFA PEPICFNT FRECUFIICY 

I 94ALA 441 1419.98 26.46 231
 
2 KI[£1E 442 1407.72 26.23 226
 
3 ,c")N I 443 565.87 10.54 93
 
4 KUENI 444 1973.62 36.77 323
 
5 TOTAL 5367.19 100.00 873
 

Table 5z WrqW Data frum 'ibles 1 and 2 

Recd. NAME AI, ARFA 'SN:AMPLES MAIZE85 S[OPEDEIG 

1 M,4AIA 441 1419.9800 231 16398.04 5.54 

2 KILOE 442 1407.7200 226 11935.26 8.58 

3 Mi3QJI 443 565.8700 93 6503.67 8.84 

4 MAKUENI 444 1973.6200 323 19836.81 4.69 

-48

http:19836.81
http:11935.26
http:16398.04


- rage AJ.22 -


Thble 6: PopuIatifL Data for Divillion alld WLocnio
 

walc. WAE A131 APF.A U'-AMPIF RSP 1979 R)PDF7J 

I PWU.[A 441 1419.90(M 231 148385.06 104.5
 
2 Mbiuni 4411 15.4.900O0 27 30243.24 195.1
 
3 nla 4412 179.0000 25 26813.25 !49.8
 
4 hMjunyu 4413 195 .9000 30 16186.80 82.6
 
5 Muthtlini 44 14 159.0300 27 19296.36 121.3
 

6 nisi i 4,115 F)4.9800 27 22320.63 144.0
 
7 Ki nuni 4416 200.94(X) 34 12939.72 64.4
 
8 Ka.Ll.n 4417 375.1500 61 20585.06 54.9
 

9 KIILtM 442 1407.7200 226 166203.51 118.1 
10 Mukla 4421 531.7500 85 43552.30 80.7
 
11 Kasikeu 4422 266.8500 45 24093.90 90.3
 
12 Kalana 442.3 176.0400 27 28925.37 164.3
 
13 Ki lunqu 4424 144.1000 22 27393.52 190.1
 
14 Kithewbe 4425 93.0}600 18 20400.84 219.2
 
15 Lkii 4426 187.9200 29 21837.58 116.2
 

16 MiOOKI 443 565.8700 93 94002.14 166.1 
17 'M'uliuiani 4431 131.0000 20 25395.40 193.9
 

18 Mxx ni 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 MAKUFNI 444 1973.6200 323 127781.31 64.7
 
22 Plakueni 4441 251.9400 39 13422.63 53.3
 

23 Kathnzni 4442 887.8800 147 44161.74 49.7
 

24 NzAui 4443 6(3.9000 99 43185.78 71.5
 

25 Mbitini 4444 229,9000 38 27011.16 117.5
 

Tlbles iin(k, am M-P_1979 Divisions one 

arilysing R)P 1979 by Wcation-s. 
xtes: 1' a were one lysing hy and 

These two Tables were then Appended. Since the codes were 
is followed by its constituenthierarchi-l, oiach [ivisici (eq -44) 

[ixc-aticxis (ej 4441 - 4444). 

New variable created ii, the able by dividing POP_1979POPDFN is a 

by AREA.
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- iuge A1.2J 

m3ale 7: A [rxk-4p Tible 

ecd. NAKE ABIL AIUA I IJ 

1 W4A[A 441 1419.98 4.2 
2 KILCME 442 1407.72 3.5 
3 tM13WI 443 565.P7 5.0 
4 MAKUFNI 444 1973.62 4.5 

Notes: 	 'Ifhe variable 1iFR represents the rate of population increase (%/pa) in 
each Division. 

'Ible8: A Frum-'fo File 

[i.xcd. 	 TPANSECI' FI.1 'I) iB, 

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

Notes: 	 Fnch 'I IANSECr/FPCtM/rO assignes a set of sample points (data records) 
to and individual stLatun. 

able 9: A (Xxie File 

CCUE TYPE WD DC SOrn1r FUUL NAME 

AB CL 3 0 DIWVCCE Division Code 
AC CL 4 0 L(X-X)DE Lcxx:ticn Code 
F1C ID 3 0 SjpPEDF; Slope Angle (degrees) 
ElI NN 9 2 MAIZE85 Area of Mize (includes Sorghum) (1985) 
1J Cr, 1 0 1AtMUIT Land Suitability for Sallholderm (KSS) 
HA NN 10 2 POP_1979 1979 Poipuatla from Cm53 National Census 

Notes: Each variable is. defined by the (Wde, Type_, Field Width & Decimals, 
s5hort mme and rIjng tame. Codes and Names can be ni.tched against the 
lables above. 

Tble 10: A [Abel File 

VAL/E 	 SHOJ1' FULL NAME 

4.11 tWAIA W4'ALA Division 
442 KILCIIE KILCME Division 
443 lK3RONI tMJVI Division 
444 MAKUFNI MAJUENI Division 

the values for the Class variable AB. Each 
value (441 - 444) has a Short name and a Full Name. Match the values 
and mines in the Tables above. 

Notes: 	 Tis Label Files holds 
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.EXPERIENCE OF TRAla11c PERSONNEL 

Dr. Michael r _--ri.ffitths 

Dr. M. nort-on-rif ithm h t s been involved in low level, aerial 
s•urvey tmito.ido lo,', qi 'e 1969. Starring in the Sereng ti
 
National Park. m'nrxWrin:, he helped develop many of the methods
 
that are today wotqti dered s;ta;dard.
 

His method of Aerial Poinr YSmaplirig (APS) was evolved in the
 
course of 12 years experieonce in carrying out through his
 
compiv nCOSystems ltd. land use surveys on behalf of all
 
the major door agen cies worki ng in Africa. To date he has
 
surveved w'ell in e:.:ess of 1.5 million square kilometers of
 
eastern and southern Africa, the 
 iddle East and South America. 

Hii:; geeraphicaL information system PI:S (Point Information
 
Manage:mnt System) was developed alongsida the aerial survey

methods. There are not five field installations, three in
 
Kenya, one in Tanzania, and one in Senegal.
 

Each field instal lation required a careful training exercise 
for the unors who were usualIly meeting a computer and a data 
base for the f'irsr rime. The training course is therefore 
geared toweads Firr time users. 

Evans Amwiro Shirekuli 

1. Personal Details
 

 
Nationality: Kenyan
 
Passport: 0556 2 4 expiring June 1992
 
Marital Status: Married, 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, Swahiii,
 
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. professimal Driexx

1975-1976: Pruiruunwmr/Syston Sa1esmnn, BIisiress l3dchines Ltd., iMirobi 
ittllor'; -itrtrTl -s r1linit ,l Il r - l "tcovtnre olit--7O tii 

1976-1977: Pm( r-anwr, Ksr Advanced System Ltd., Nairobi 
t ,:1 oiJ.qIni for 2200W)_v JoIj ,it 't,!,yt" a l c -twa, 11l j ck es WAt'!3 

4111 0l' i} 4L' r[n.n' 

1977-1983: Senior iroyr-aImier, F Syste'rs Ltd., tmirvbi 
Wt oILti t :' 'rif' 15 r~S rsl~ For th( e rvreloptlent 

t. ti toe1 .;-ryji)t I i;tl ,'';' lr' ' /1 rJ Fy,; i ; ~am". ritten in par-Te, 
pt?!-,t ,,;,. _I dhtl integrltedtin j li 1 I(P./ h S iF ;wil t jcvey -, id 

th.in with'i ulcil ,-iry Ii I)nVirOnx, iit-.il I ht.i-. (itLput includedI statistical 
,li i 'iti( I Ti ' tOL i ,-s. [ w.,s aio -w5[psnible for n nagirv the 

oiit r'i (! vi l~Jhtimon tf ii I ';uveuy Lt ,, anld for prcoluciin4 the required 

id ji4-'il theUO'lllit '11h] 1-. (ontput,. L;orkingj witi qystems t-l~aqer, I 

,ti.; -ti in rliwi'l,)LiwCj i O)I,,[)lX digitiing/grapIics package, and 

softt,'i sy'tI.'-)r at lysing bothi IAIF'AT and NOAD/AVHPR satellite 

1983-1984: Data Processing Manager, Aricultural Development 
C)trlx)12ticoi, Naxlrbi 
ofp,)rt iflj LfI totio, (;itira I .lalnager, T was in charge of all data 

1 '.o,:j; iI( 4.1 thr;,f 11111i ter insti llatiors in irohioliv-tti O11t,[ NlMa 

(1a4 vi-,t:,o , iivt 'ly included cordinatitngiutien, ) ;izrii ,. i 
tLl'. in(jvoiu)t ,)f ';oftniire by UI, Ltd. (the Olivetti agents) for the 

ADC(] ilitigei~it; *iviicty lnq all ita entry, validation and analysis 
(pr imircily wcotm;-.:il ,it/ f or ADC farmi op-rmtions); at-id providim4 

lif iIk J<lisit: with Ole iy ci!-;- iry r-[x)rts -tl am lyses. 

1984-1987 Sstcnm n'ager, E2x: stcn Ltd., Nairobi 

ptopirtul:i to thme :")Irairatv- liirct r-, I am responsible for all. data 

pi-ce; 'nj a ctivitie-s in tLh crl- ny. .y most important task has been 

to enp,ervi:o jie switch fr.u Itnq 220OtVP mini computers to Olivetti 
N2.1 titict) lputors. I ,-i, lopi i full rGeoxraphic-nl Inforwition Systen 

le Ieve21 ,hta, andt-') iF II low nrrial uwi "rvey aerial photographic data, 
I Iave fullenvirotii -ita ih t, writing the r,I in compilcd dTase3+. 

tI;[XLsiii ity for ,,m-ikrl tih, antry, validahtion and analysis of all 
',a, from :;urvey ct iviti a; and I am responsible for organising 
c:w]t niler traininq pt(.J mr.--n O software support for three field 

in'at I ,itions; (Ki.s.mu , m.ckikos, ind l×k'"r). 

1988 - Present: Syrstem Ianger, 1tXN Eastern Sahel Unit 
P,.le)rt:1it to tho hold of ther. Iimol Fastern satelrt-1t, am responsible 

for mnintaininr the ImCt .hell chta -i3ses, the IUCN Ebaiel GIS data 

hase, and settinq up u)ulruIteCr IIK)-tXIC links to overseas data hases for 

down10ld irJ inforin tiou. 



4. iftc 	Experiene i S Hmnement, Progu and Mining 

I liave hid full rp'pcisibility for rrmgin the creation, validation 
and arnlysis ot laitiuse Iht, hse, fran the following survey projects 
carried out by [:eoSystefns Ltd.:-

Countr 	 lRegic Client 

'iunzania 	 Pukn NORAD 
'10 bora IBRD 
Arus|a USAID 
Shinyanga I BRD 

Kenya 	 Ma chakos (2) FPF 
Western Kenya Netherlands Technical Assistance 
Turkara (3) EDF 
Kiambu OSAID 
Muranga' SIDA
 
Ky0 le CIDA 
cM Kenya CIDA 

Sudan 	 Jonglei (3) EDF 

I have also been involved in the analysis of LANDSAT and NOAA/AVHRR 
satellite data, including graphics output; I have set up and managed 
data bases for the FAD genetic resources laboratory (grasslands) at 
Kitale and for the armyworm team of the East African Desert Locust 
Control Organisation; I have recently created a Kenyan National 
Envircnmental and Land use Data rase for the CIDA sponsored Long Range 
Economic Planning Team at the Ministry of Finance and Development 
planning; and I am just omspleting the creation of a single data ase, 
using all of EcoSystems' data from 1.5 million square kilametres of 
Africa, as part of the R&D for the FAO ARTEMIS satellite m:dtoring 
sys temn. 

ASAP - Aerial Sze A4Y!! i Fdag 
the ASAP
written--	 WN Basic the WAW 2200MVP mini cxiputer, 

package accepted low level SPF 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 mapping routines; digitiser input for polygon analyses; and 
graphics (plotter) output - including the production of camera ready 
plates for multi oolour map production. 

Under the direction of the Systems Manager, I was responsible for the 
system design of a iuer of mxdules, and in total I wrote about 80% of 
the code. WAN, Basic remains one of the most powerful versions of Basic 
to be developed, including the present versions of Basic available on 
micro computers. 

p1M - Informat MmetSyPoinlt Iion 
I have had the sole responsibility for developing a omplete GIS system 
for Olivetti M24 micro o~mpuI:crs in compiled (Clipper) dBase3+. using 
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mny of the concepts developed for ASAP, PIMS concentrates on f.ho 
integration of ( 3ta trcrp a wide variety of sources (low level aerial 
survey, satellite;, aerial photographs, uTops and thgmatic data, 
ttbulatfed ditzt) and prr)xiucf-s relatively straightforward statistics, 
tabular arxi qjjii j nutput. [k ,,vor, the PIKq data files integtrite 

fjsily with t--ia isd |nc;' aqe such as [Lotu. 123, Systat, SPSS, FIVS 
and 	Wordstar. PIMS therofore niqnipulates and integrates data, and
 
interacts witlli otlier px( aqes for statistical analysis, qraphics 
Out[AlJt, al rep)rtinq. 

A second iiqcortarit aspect in the developnent of PIMS wcs to mnke 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 cyn micro onputers. 

lrz!nii Experience 
,nFthe c&urse (A switching fraUT mini to micro computers, I have become 
fully ccnversant with all tle standard micro computer packages (word 
processing, spro-dsheet, chta [se, graphics); micro oomputer utilities 
(cweep, IDIR, O[)IX, OPI'IMIZE, Sideways etc ; and ccumunicatlons. I use 
all this experience in designing training c. urses fc: Clients for whom 
we crea te and install lard use data bases. 

our standard training includes IMS/) (1 day); 2 Jays mch on dBase3+, 
Lotus and Wordstar 4; and 10 days de7,iled training on the PIMS 
pnckage. I tnve rnow run three t,,urt- courses Clients whocraining for 
were starting contputer applications [ran scratch. 

I love now completed four training courses for users of the PIMS 
softuOre system, and Nive node tw extensive visits to Senegal, on 
behalf of the UNDP, to install PIMS and give tralnin inits use. 

CUM uriF2M ARARA 

Chief Photo,-Interpreter, IIJC)I Ebstern faheL Unit 

1. Perscml Details 

liite of 11irth 17th Decenier, 1959 
titioinlity Kenyan 
Marital Status 	 Married in1984 with one son
 

2. umtLion 

1975 - 1978 lomb Secondary School 
'0' Level in English, Mathematics, Biology, 
Science; Literature in English, History, 

Physical 
Religious 

xnowJedge and Geography. 

1979 - 1980 	 Kabaa High School 
'A' Level in Mathematics, Chemistry, Biology and 
General Paper. 

3. 	 Profest ,il, Dwerle 

1981 - Ta nee Airrd /KoAtMhrngement 7dinician 

Initial training on airphoto interpretaticn/data management at 
EoOSystems Ltd and the Regional Centre for Services in Survey and 
Mapping.-55



1982 - 1987 Semior Airphudxto/lta ungmmit Tedinician 

Repirtiiq to the project nmoqer. My duties include 

a) 'frainiiiIv of t I)tlirl jioto interpreters
 
b) Siq erv i 'ii -! f,)kir other interpreters
 
c) iJ)itAer.try, V,. j(ttiwJJ anr3 alolysis
 

d) ot,p.pnisirq helicopter surveys for crop data
 

1988 - Prme-oit: 	 Senior Airplito/nmta Mnimgr nt tclimician, IUCNESU 

4. Specific Eprience as Airphoto/ubta ~rzngaent TedfmiciaynTminer 

fave [kld full responsibility in thp followirq projects:-

P -q onClient 

Kenya 	 Machjkos FDIF 
Rural Access W~ads 
Western Kera Netherlands Techn. 

Assistance 
Thrkan (3) FDF 

Kial bu USAID 
Mura rya SIDA 
Kwa le CIDA 
lhrn River
 

'Iurkwel NORAD 

Molo-Litein Road MAS(XITT 

'anzania 	 Shinyap IBPD
 
Trangire AWF
 

In the Tarangire project, I trained staff from Serengeti Ecological 
Monitoring Programe in qeoreferenciig, interpretation of aerial photos and 
data entry, validation and analysis using the PIMS software develuped at 

EcoSystea"s Ltd. 

Recently, I love completed a traininq session in Senegal on behalf of the 
UNDP and the Centre du Suivi Ecologique. loe tralning covered all aspects of 
[ioto-interpretation, data entry and validation. 
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DANA N". S;LAYMAKUL 

ro f e s tunanlneI r jent 

Exploration Pioto;ranhy FuL e Pronrietor 1980 - Present 

Ae rifql Ind?ruind pho rarh'.' architectural and forensic 
avniiwins. Ia]ur ciens include: Texasgulf estern, 
MLiff-Th;rn, Cold.eli Banker, U.S.A.I.D. (invo.ved ,1a 
nationwide survey f rh countrv of Lesotho, providing 

1:20,10n 70nn ner -ial phntog,rapvi, low altitude grid pattern 
coverage asadata base to assess agricultrual development 
and range imnagemenc objecti'es), and Bendix Corp. as a 
consuiranr t:o set up a n iPhotoarinumetric camera system 
for th Renote Sensing CeIner in Cairo, Egypt. 

Development Aternatives, Inc. - 1980 

Consultitr. Cnlor aerial photography and photo processing 
tr nrc'.' )horomo.saics of 'fanzanian village areas for 
rrA devolonment activities. 

S.Ei.A. P'otigra p'iy, Inc. 1975 - 1980 

Vice rsident and noneralImanager. Established as an 
associate firr' to Southw:estern Exooration Associates. 
Aerial photography and photo processing for clients such 
as Texas Gas Exploration Corp., Felmont Oil, The U. OF A., 
Gulf 'lineral Resources, PhelDs Dodge, Texasgulf, Anaconda, 
Amax, Exxon, Getty Oil, Amoco and Conoco. 

Slaymaker Photography 1973 - 1975
 

SoLe Pronrietor. Specialized in nhotographic applications
 
for research. Completed large contract for Nuclear itility
 
Systers Corn. :o 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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page 2 

1iversit:v :' f Arizona 	 1Q6 9 - L973 

Staff orraphir -7r the Denartment of Biological Sciences 

-I Ihe T i o r'r,;i .-. . ed ecnoLgicaL anolications for 

ren t hilo i rhi position. Also involved with 
ass ;: en:t , f t, '.',,ze~it.:tinn nos ic in the Sonoran Deser-, 
for 3 1. '.:h ;er 3 iowe Program. 

he Lin Ii ".';tlr chool Fine Arts 	 1969 - 1973 

fre U'ni vel i c"7 Arizona 	 1965 - 1969 

3i~o1 <~nid Scientific IlLustration 

Prr ae:.d Pab LicatiLons 

\ASA 	 sponsored Projects (Co-autithored two): EROS #14-:5-008-613 and
 

":A.SA-2l -- n:,ternretation of space-acquired signatures for
 

Desert PLant Secies and Communities. Both of these projects
 

!.'ere .:ivestigatitig remote sensing apolications to Arid Lands
 

iju.er, r- <.' ) [1aI Sur'vev5 ,r M!inera[LExploration with Red
a e 	 e...2 ..- - ;- i ,i .,n.e-r, i -. -Presented a t InternationaL 

SIOm on -remote Sensing or Environment, Second Thematic 
Conrerezice, Remote Sensing for Exoloration Geology, Fort 
orrh, .exas, December 6-10, 1982. 

L'i~urmation for ural Lanrd Planning 4n Arushaa Region, Tanzania. 

Presenited to the Arusha Planning and Village Development 
Project and the Regional Development Directorate, Arushd. 

Co-authored by Christopher Dunford and David A. Mouat. 

'.Cr'S)t ensinv for Rural Planninp .n Africa. Co-authored with 

- - qf5-topner DunTor-d0 avi-M-6ouaE? and Michael Norton-


Griffith. Accepted by "The Journal for the International
 

Institute for Aerial Survey and Earth Sciences"
 

Assisted in the following works: 

Structure of Ecosystems. the Desert Biome - part of a major
 

.- R-u -ro Jeec t. 

Altruistic Behavior in Mexican Jays, by Dr. Jerram Brown. 
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Dage 3
SLavmaker, DA. 

jians tcle Dr CharlesRerntiLes *md Armuhr_'. of Sonoran Desert, by1
 

NaturalI HiiscLur of th- q3:uaro Cactus, by Scott Sternburg and 
i .. .i ..: '1 lstrailro-1-s r r a hook)U7V :,Js -


Pe rsc:na I 
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DARIRAGH DAVIS 

Professional Experience - Tucson, AZ. 

Exploration Ph:.tography (P/T) 1984 - Present 

Indexing of ;Iides, negatives and maps; negative 
Arnd slide orgairilzation; flight line preparation. 

S.E.I.S., Inc. P/T) 1987 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 

Sales, inventory control, shipping and receiving,
 
responsible for store management in absense of
 
owners, and daily sales journals.
 

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 Society of Philadelphia.
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Carlton's Restaurant: - 1980
 

Ass istant Lananer. involved in all phases of opening 
a rostaulrai,. ()rganizationaL duties included purchasing 
equipment, hiring the staff and menu planning. 

Education 

Wnlversit, of Virginia, Charlottesville, Va. 
B.A. Ln Art History. Graduated 1978
 

Languages: English and French
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