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1. INTRODUCGTION -

This $LUdy §£ 1:50;000:scéle.fTopégrapﬁid_Mapping Of'80u;h Kenya
-lh thelﬁhébubllc of Kenya""{ﬁereinafter. referred to as - the
“Study"), condqcteﬁ by the Japan Internaiibnal4000pefatidn ﬁgency
.'{hefeinafter :referred to ‘as  5JICA"} at “the request of the
'Governmgnt of the Republic Of;KénYé, waé concluded on Séheddlé in

March 1991 taking four years since it started in October 1987.

" The studf area ‘encoempasses some 29,800 km®? east of 37%45' E and
.sogth'of BOHS; .{Sée ﬁhe Map'éf Study Area on the opening page).
The area. mostly falls in Ceoast Province, but partly includes
Eastern Province and Rift Vvalley Province, facing thé Iindlan

Ocean to the east and bordering on Tanzania to the south.

The area also includes cities like Mombasa and Malindi as well as
the Tsavo National.Park. Coastél pPlains are well developed along
the sea coast rising in elevation as they go inland to form hills
and plateaux.:ranging to highlands of Yatta Plateau, Serengeti

Plains and Talta Hills in the west of the study area.

The area has Mombasa in the coastal region with the largest port
In East Africa, as well as Malindi, Kilifi and Shimoni where
resort development is undérway making'the region highly potential

for further development,



This fépdr{':déSCﬁibeé the .ﬁrocesses of the Study ;along jQ;th'
1ntermedlate ptoducts in the respective steps It is”hopdd tha§
the topographic maps, aeriai photographs 'gontrol"p02ht Survé?
data, etc., resulting from the . Study-will=be useful for planning
and surveying of future deveiopment and conservatlon actlvltles
in the region and that this report wlll selve as a guide for use

of such materials.



2. PROGRESS REPORT

2-1 Request of the Kehyhn Government and Determination of Study

Components

' 2-1-1 Background of Request
'.The“southern parts of the Republic of Kenya {(hereinafter
ireferfed to .as "Kenya") ‘with such old port cities as
Mombasa and Mallndl located along the coast of the Indian
Qcean - have  high potentiél for development and,. once
deVGlOde. -for grouth, and therefore the reglon Is
destgnated as a priority area in the Fifth National
Developmént ‘Plan. . In order .to pursue their efforts most
cfficiently, 1t is essential for them to be eguipped with
maps of high.accuracy covering the area. Hence the pre-

paration of such maps 1s urgently needed.

Baslic maps were made for the region during 1950 - 1963 by
~the British but nothing has been done since then to update
these maps despite the substantial changes that have taken
place over the years. Also the elevations are.shown in
feet in these maps whereas the metric 3ystem'is in common 
use in every fleld in the country today. Thﬁs thé
sttuatlon as such calls for the up~to—dé£e basic maps in
metric system that accurately represent the region as'it

actually exists.



From 1975 throuéﬁ -1984, Japan made  1:50,000 .tqpographlc
mdps:'of_ East Kenfa'"uﬁdér.-its_ 1hternatlbha1 techﬁical
'cdobefétion pfo§ram. Againét_;bis'bacggroundfkenya madé;a
request:‘t0: the 3Jabanesel Gb?éfﬁmént :tb_.pf6§ide[_tééhnléa1:
coopef@tlon ifof preparation of 'ﬂhe 1:50,000 iopographic

maps covering the region.

In reSpOnse_ to the request; Japan sént [two. hissidns to
Kenya in 1987..firSt1Ln January_dnd'éeébhd-1n'March, for
discussion .and ”conéQItat1on< with the’ Survey-39f 'Kenya,
-Miﬁistry‘of Lénas'aﬁd'H0Using-(hefelhafter reférred“to_és
"SK"), ‘the national mapping’ agency. Subsequentlyfdniﬁérch
19, 1487, ﬁﬁe two -governmenfs. formally  decided .cn the
topographic mapbing of South Kenya as a four-yéar study
starting in 1987 based on the Scope of Work ({hereinafter
referred to as “S/W') as adgreed Lo between the Lwo

governments.

2-1-2 Reguested Study
Kenvya originally roequested Jabanese technical cooperation

on the foltowing items.

1} 1{50,000 topographic mapping of some.32,600 sg9. Xm in
South Kenva

2) Establishment of addittonal geodetic control points in
the area.

3] Establishment of addlénal lévellng routes in £he area.

4) Installatlon of marGCQraphlc stations at four locations.

5) Mosaicking of Landsat Imagery of the area.



6) Dispatching of experts for technblogy t?anéfer and

supplying of necessary eqﬁipmeni for‘on—siie training.

In response, 1t was decided, from the - standpoint of
.technical cooperation, to take up 1), 2} and 3) of the
requasted itéms fér consideration in terms of a3 to 4 year

Stﬂdy.
2-1-3 pDetermination of Study Cdmponents

{1} éontact Missloﬁ‘
Japan Séﬁt a contdcf mission to Kenya in January 1987.t0
survey and confirm the specific cbntents of the Kenyan
request for the topogrbahlc mapping of South Kenvya. The
contact mission held meetings with SK to confirm the
specific contents of the request, thé importance of such
topographié mapplng‘and the urgency of the need. Then
the miéslbn_ surveyed the procedures and regulations
peftaining to aerial photography and other matters
‘Telated Lo surveying, as well as permissions -involved,
extent of cooperation by the Kenyan side and the accuracy
and speclifications of the requested mapﬁihg.
Availabllity of the past mapping records such as aerial
photographs, meteorological data, topogrpahic maps .and
géodefic controtl .point data was also surveyed... In
' addifion} ‘the missicen conucted a reconnaissance field

- survey of the proposed site.



(2] S/w Mission

. Dased on the {1ndings as reported by the contact mission

Japan sent a S/w mission to Kenya in March of the same

fyear . 1he missxon discussed with SK the study area.

applicable technical standards of survoying and mapping,
aerial photography schedule, applicable map symbols and'
their ‘application rules, eic. And 'the__resuiﬁs Ew'eréf
incorporated in S§/W and thé'Miﬁutés-OE_Meetiﬁgé on S/W.
{see Atiachment 1y The'mlssion cdnductéd & fleld survey
tocuéing on the existing geodetic control polhts in

preparation For the full-scale surveying. ' =

2-2 Formulation and Implementaticn of the Study Plan

2-2-1 Specifications

(1) Flnal results

(2)

Aerial photographs : Taken by super wide angie lens at
1:60,000 scale covering 29,800km*.
Topographic maps : Scale - 1:50,000, neat lines 15'X1%5’
43 maps sheets.

Printed copies : 6-color prints, 43 map'sheets, 500
copies each map shect. 7-color prints,
43 maps Sheets, 500 copies-each‘map
- sheet . {Note : Origilnally planned as 6-
color prints, 43 sheets, 1,000 coples

each map sheet, but changed as above.)

Map syvmbols : East Africa Specifications



(3) Opérationai ruleé iiSpecifICQtions of Geodetic and Photo-
| | _ gramhetric surveying for 6vér$ea,.
:.'MarchLIQBQ,.chéa |
{4lzopéra;ioda1 standards
Reféréhde'ell;pgoid :'Clarké11880

Projection : UTH

Neat lines : Latitude 15° X longitude 15°

" contour inteérval . Intermediate -20m |
e auxiliary -10m for flat area

;(5{ Accuracy: : _
Map : Class A of the specificaftions ibid.
péVe11n97: 5cmiS where S is route length, in km.
{ﬁjzbﬁhérs . Marking of 1evéliﬁg routes shall be made

approximately every 2Km.

2-2-2 Study Plans by Year
The Study was planned on the basis of S/w'as a four year
starting 1987. The plans for éach year are outlined below.
(ngure 1:‘Year1y Work Flow (Plan) and table i: Yearly Work

Schedule.)
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Table 1. Yeéfi?_wdfk Schadule

Flrst Year Planning and preparatlon

Work In Japan Eiﬁspor& = qn Japanese and English
Bield work : Aerial signals - 40 points

Aerial photography _ ‘
iy Area covered — Approx 29,800 km?

© . scale SR 60,000
11) Strip photography {along leveling routes)
-1, 500 km
‘ .Scale - 1:40,000
: Le&eling < minor order leveling 720 km
‘Pricking exlsting routes 700 km

minor order routes 720 kKm

Second ?ear-

Work in Japan : Planning and preparation

Acrial triangulation - 690_modéis
Stereo plotting - 11,475 Km?
compilation - 11,475 Km?
_ Report _ _ - in Japanese and English
Field work . Field verification — 29,800 km?
Third Year
Work in Japan : Planning and preparation
| | ‘Stereo plotting - 18,325 km?
Compllation - 18,325 km?
_ . Report — in Japanese and English
Field work : Fleld completion - 29,800 km?

Fourth'Yeag

Work in Japan : Planning and preparation

Drafting ~ 29,800 km? (43 sheets)
Printing - - 43 sheets, 1,000 coples each
Final report -~ in Japanese and English.



2-2-3 Implementation of the Study

The Study.has conducted according to the plaps as above,

but’in the course of the work some changes were made:

.(1) Some of the 1ork of - aerial photography origlnally

..'scheduled tor the flrst year was conducted ln the
"second year due to. unfavorable weather condltions.

{2} Additional geodetic control point survey and leveling
Were conducted in the second year due to ‘the loss of
'existing triangulation polnts and bench marks..

13} Field verxfication of the area left over from the first
vear's aerial photography_was conducted in the third
year along with fileld completion. |

(4) At tﬁe reqﬁest 6f SK, ﬁflntiﬂg of'the maps was changed
to : 6-color prints for public use, 500 coplies for each
:map.sheét, and 7-color prints for government use, 500

copies for each map sheet.

Notwithstanding “the changes, the Study was concluded on
schedulie in the Ffourth year as orlginally plannéd.
Following is a recap of each year's work as ptanned and

implemented.

(1) First Year Work

1) Work period : From October 8, 1987 to March 28, 1988.
2) Fleld work : From December 1, 1987 to March 8, 1988.
3) Number of people engaged in field work

18 Japanese and 4 SK counterpartis.

— 10 —



4) Work planned and éccomplishéd‘:

Planned

‘ AccOmplished

Aerial signal 40 poihté
.Aerialzphotdgraphy-:
1:60,000 - 4,000kn{25 courses)

1:40,000 -~ 1,500Km
(leveling routes)

IMinor order leveling : 720Km
|Bench mark pricking

-On'ekistind foutes : ”700km

Repdrt

" on minor order routes 720km

Aerial signals | 40 points
{5 missing geodetic coentrol
-points. included) -

s Aerial-phOtograth

1:60,000 - 3,300km(21 courses)

1:40,000 - 1,500Kkm

Minor order 1evei1ng : 731.3km
Bench mark pricking

S00Km

On existing routes
: points)

{147

731.3km

Oon mlﬁor order routes
‘ ‘ points)

{357

Reports In Japahese and English

(2} Second .Year Work
1)YWork period

2)Fleld Work

From July 1, 1988 Lo March 28, 1989

From July 2%, 1988 to Qctober 27, 1988

3})Number of pecople engaged in field wWork

18 Japanese and 4 SK counterparts.




4]Work planned and accomplished

Planned ‘ ' o : Accomplished

Aoria} photography 4 | Aerlal photography 3
1:60,000 '780km {14 coursesl o1 60 000 _ 780km (14 coursos}

Geodetic control point survey : Geodetlc Control polnt survey }

9 points| - -  - 10’ pointsﬂ
Minor ‘order leveling . ~ 200km {Minor order loveldiog . 245 lkm
Field verificatlon : 26,800km® |Field verification : 26, BOOkm’
Aerial triangulation : ' Aerial triahgula{ion-i

726 models . 757 models
Sterec plotting = "11.475 km? |Stereo plotting : 11,475 km?
' - {15 sheets) 115 sheetsy
compilation - 11,475 ka?® lcompilation . 11 475 km
(15 sheels}
Report Reports in Japanese and
' Rngllsh

{3) Third Year Work
1)Work period : From September 4, 1989 to Morchlza;'lggo
2)Field wrk : Prom January 8, 1990 to March 8, 1990
3)Numbetr of people engaged Iin field work

13 Japanese and 4 SK counterparts.

4)ork planned and accomplished

Planned - Accompllished N
- T _ I D ]
Stereo plotting : 18,325 km? {Plotting : _ 18,325 km?
{28 sheecls) : (28 sheets)
Compilation : 18,225 km? [Compilation : - 18,325 km?
{28 sheets) ' {28 sheels)
Fleld verification : 3,000 Km? |[Fietd verification : 3,000 Km?
Field completion : 29,800 Km? |Field completion : 29,800 Km?
Report Reports in Japanesc and English

= 32 -



(4) Fourth Year Work

l)Nork”periQd_:leom July.lz, 1990 to March 20, 1991

Planned

'-2)w0rk planhéd'ahd acdompliéhed o

mplished

Ac

| prafting :

Printlng':

Final report

29,800 Km®

6-color, 43 sheets,

500 coples each
7-color., 43 sheets,
-500 coples each

brafting 29,800 Km?
printing

6-coldr, 43 sheets,

500 copies each

7-color, 43 sheets,
500 copies each

Final reports in Japanese and
English

2-2-4 PrégreSs‘of the. Study

The progress of the study is summar ized by year as below.

Date Item Remarks

May 1982 Official Kenyan request to Japan.for technical
: request cooperation for topographic mapping
Mar. 1984 Request made |Dfficial reguest made again

again . :
Jan. 25 - Contact Contact Mission dispatéhed to Kénya
¥eb. 10, 1984 Mission for preliminary study
feb. 20 - S/W Mission|S/W Mission dispatched to Kenya for
Mar. 23,1987

discussion of 3/W and field survey.

—




{2) First

Year

Date Item
oct. 8 - Work 1n Japan
INov. 30, 1987 o
Dec. 1, 1987~ (Field work
Mar. 3, 1988 - '

[Mar. 4 - . Work 1n Japan

Mar., 28, 1988 : :

{3) ‘Second Year

Date ‘Itenm
Jul ., - Work in Japan
Jul. 24, 1989
Jul. 4, - Idividual
Sep. 1, 1988 . |training
Jul. 25, - Field work
Oct 25, 1988
Nov. 8, - Individual-
Dec. 20, 1988 trainlng
Sép‘ 1, 1988 - work in Japan
Mar. 20, 1989

Planning and preparatlon, start ot
the first year NOTK ' .

Aerial signal,

aerial photography.
minor order levelling, '

prlqklng

¥leld results sorted and organized

O U S

' Rématks-

e

S SO UU S —

start of

Planning and preparatlon
second vear work

Mr. 0. M. wainaina in Japan {for
training in planning,Ln‘generall

Aerial photography (of remaining
parts}, minor order leveling,
geodetic control polnt survey,
pricking

Mr. J. Kibore in Japan (fof
training in aerlal triangulation)

Aerial triangulation,

stereco
plotting, compllation :




(4) Third Year

pate Item Remarks
Hour. 18, - o Idjvfduol3 Mr J. Ogutu in Japan (for tralning
Sep. 7., 1989 t;aihing, 1n stereo plottlng and compilation}
Jul. 18, - Individual Mr P, Nuia in Japan (tor trainlng in
Sep. 13, ‘1989 |training. plottlng and compilation)
|sep. 4, 1989 - [Work in Planning, preparation,'stereo
Jan. 7, 1990 Japan piottlng; compllation
lJan. 8, - |Fleld WOrk ®ield verification (for area covered
Mar. 8, 1990 by 2nd year aerial. photography}
o Field: complation
Mar. 9, - Work in 1rield work results sorted and
-|Mar. 28, 1990 ‘|Japan organized L _ .
(5) Fourth Year
Date '_Item " - Remarks
Jul.12, 1990 -|Work im 3Japan|Drafting, printing
Mar. 20, 1991
oct. 16, ~  |Fleld Work  |Field verification of cartographic
oct. 29, 1990 work {Chief Engineer dispatched to
stte)
Feb. 8, - - |Individval ~ |Mr. Z. N. Gitau in Japan {for
Mar. 30, 1991 |training training in mapping in general)




2-3 Outline of Fourth Year Study

Progresses of the study in each year, from tho tirst to the thlrd
year, have been presented in. detail in the yearly reports 0[ the
respective years " Yhe report .for 'the tourth (tlnal) year
however, is’ inlended to prepare ‘an overall report as the final
fepoft so that' the outllne of the Study accompllshed in the

fourth yeaz is given below as a part of the oVerall report

2-3-1 Outline of the Study
The fourth year study involVed draftlnq and prlnting based
on the or1g1nal manuscripts prepared by the thlrd year,_to
produce the topographic maps as final’ producps. - The 5/W
originally called ‘for printing of 1,000 :cop1es, 1n~f6
colors, for each of the 43 map shecets. But'étrthe-reqeust
of SK, copies were made as follows. The 43 map . sheets that

were drafted and printed are as shouwn in Fidure 2.

For pubiic use - 6~colof. 43 Shéets, 5b0 coplies esach sheetl
Ffor governiment use _ , .

F~-calor, 43 sheets, 500 cpoies each sheet

2-3-2 Work Schedule
The work was aécomplished on schedule as originally
planned.
Prafting : From mid-July 1990 to mid-October 1990
Field Confirmation of scribed originals
From mid-October 1990 to late October 1990

Printing : From late Octobef 1990 to mid-March ié?i

Final report : From mid-January 1991 to mid-March 1991
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2 3 3 Major Speciflcatlons )
Major spacif;cations for' drafplng and printing arc d§
follows. - | | | |
(1] Applicable Map Symbols |
.'After a series pf'meetinga forgdiSpUSaidn'ph Speciflca-
tions of map symbols and marglnal infarmation to be
aapplied "B East Africa Speclficatlons were adopted wWith
additidns deletlons. and modlflcatlons as agreed to.-=
The agreed map symbols are the same as adopted fnr the
Topographic mapping of East Kenya in the Republic of
Kenya 1n March lgslr{cf, Chap. 13, Final Report of the
Pro;ect 1b1d (131.y. exCept following points
a. Symbols for:borehole, waterhple. well and spring were
changed to new symbols.
b. Symbols and annotations of sub—dié;rict boundaries

and names were added.

(2) Number of Colors
Numbers and types of colors.for public use and govern-
ment use are as follows.
for general use : The following six colors are used.
Black (Marginal Iaformatlon, annota-
tion, grid, vegetation symbols,

cities)

— 18—



BLUé'iRIQefsﬁ énnﬁﬁétion for water
-éyétem, watéf sﬁrfaée, agquatic vege-
.tétion}
laed (ﬁoads;rﬁnnotation for roads,
Eracks;-boundariés]f | |
. Brown icontbur?llnes; contour values,
sénds ér»mUASf. |
Green (Vegetaiion)
Grayish gfeen {Cadastra1 boundaries
-and.annotatlénsl
Fér Qﬁvernment use‘: Puréié wds'adéed {for.represénta—
| tion of sub-district boundaries and
their names} to the six colors for
public use, to make a total of 7
colors. |
{3) Number of map sheets : 43 sheets
{4) Sc¢ribed origtnals produced : 7-color 43 sheets
{5) Numbers of printed coples
6wcdlor, 43 sheets, 500 copies each sheect

7-¢olor, 43 sheets, 500 copies each sheet

— lg —



2~§—4 Preparation of Sc¢ribed Origlnhls'
For final ‘drafting, ' the scribed _originais' comprising
.'3 negative_sorlbed oheets. negative mask sheets, and posiltive
annotatioo sheots corresponding to the number of colors.
pSéd wele prepared pased on the original manuscripts by
the color separation negative scriblng method in accordance
- wWith the map symbols and their appllcation rules.. Stable
material Was used that wore almost free from contraction or

expansion
The specific procésées'are described below.

fl}.Imogé printlno-on scribing sheets
Reverse 1mages_o{ the original manusoripts wero orinted
on scribing sheets by . diazZzo method. Matching of
respective color separation sheets was done by punching

hole method.

(2) Prepélr.ati.on.of scribed she.ots
Scribing ﬁas done on the prlnred scribing rsheets as
above for respective colors in the order of black blue,
red, brown, grayish green, and purplo, acsording to the
specificatlons. To ensure matching betwoen sheets, one
scribed sheel was overlaid by the negt sheet to be
scribed: and printed. in a different color - in a
consecutive manhner ‘uélhg punched holes. Register
markings were provided as guides for sheet matchrng in
plate making and printing : reotangular-markings on tho
four corners of the neat lines and cross-markings

outside each neat 1ine. The latters are taken off the



printing plates at the commeﬁcemént' of' the final

printing.

(3} P}epérat1on of mask_Sﬁéets.

“ 'ﬁ5sk'5sheetS. of compilcatgd' Eiéufes- were prépared by
priéting'}magesjof cut-Iiﬁes_onﬁthe déy'ligh£ peé1iﬁg_
shéet by bhbp@”mechanicallméthod and‘peéiind off'thé
'ﬁecesséfy parts. Thbée bf simblé.figurés were prepared
by directly peeling off Lhe necessary parts using Knife
sdbé;pqsihg_ the beéiiﬁg‘ sheet on  the | orlg;hal
manﬁécfipt. .The_Samg'tybe of fesiéier marks were made

'és the same as for the scribed sheets.

(4) Prefaration of zip-a-tone sheets
Zip-a—tones Wwere reproduced from the phototype supplied

by S5K.

(5) Preparation of UTM grids
UTM grids, belng common to all sheets, were scribed by
coordinategraph and made into positives, which then were

adjusted to suit the respective sheets.

(6)'Preparatlon of sheets for longlitudeslatitude tick marks
and neat lines.
Locations of 1longitude/latitude ticks as well as neat

lines were drawn on the black {scribed) sheets.

(7) Preparation of annotatlon sheets
Basad on the annotation data, letters of prescribed
types and slzes were made by photo-composer and then

struck on places as specifled.

— 2 —



(B)IPreparatloh cf_maréinal_lnformation shools
'Ma;ginél iﬁ(ormation_sheets were prepared'baséd on the
.'_styié sheets proQideﬁg.by SKﬁ Stace néat lines are’
common:to all those on the same latitudes aﬁd‘there are
many items in cémmon such'as';egénds and remarks, common
shee£s were prebaféd'.for edbh"létgiﬁde :zone. "énd
*feprbdqcéd‘for respe¢tive map Sﬁeetsfl Shéét‘nameszﬁﬁd
numbérs aﬁdfothéf'anﬁptéfionstGreibfepared bymphqtﬁ—

composer and stuck on the sheet.

(9) Checking Qf 3cr15g¢;ofiginais
From-thé écfibéd Oridinals, 7;col§r'probfs.printed on
polyester sheets were * made .for checking by ‘"water
coating” method. The flnal'pfoofs were sent to SK for
their approval. It was followed by dispatching of a
JICA Study Team member for consultation with SK oﬁ their
inspection results, and the scribed originals were

corrected accordlhgly in Japan.

2-3-5 Printing of Topographic Maps
Final printing of topographic maps was executed by off-set
printing machine. The specific processes _ére descibhed

below.:

(t} Preparation of plate making film
From the scribed originals, having 2 - 5 plates for ecach
color in negative or positive, negatlives were made,

where necessary, for use In plate making.



(2) Plate making
From the negatives for plate making, printing plates

wcre_made_of:aluminum PS plates for each. color.

T 13) Prepafatidn of proof prints

'Proof‘prihts_ﬁere prepared by flat-bed printing machine,

(45 Probfrreading
Proof was read on matching of respedthe color énd
-:colofing. :Reﬂmaklng.éf_printing:plates was done, when
ﬁecéssary according to Lthe proof reading on matching. -
: Coioring‘waé finally_decided aftér_diécussion with SK

counterpart staying in Japan for training at that time.

(5) Printing
After obtaining the agreement of SK counterpart on proof

prints final printing of topographic maps was executed,

{(6) Tnspection of printed map
Inspection was exXecuted on printed map sheets. Maps

sheets rejected by inspection were abolished.



3, Téchnica} Report
3-1 Planning:

3—1—1-ijectlve _ S _

_The objective of the Study is to prepare 1:50,000 topo-
Qrapﬁic map covering an are§ 9f 6ppf6xima£61? ?9,800km3.1n
South Kenya from east otlnong 3j“ 45" E”p§ the coast and

' south of Lat. 3° S tb.thé'ﬂehyén tefritéry.bf the Tdnzéhlén
bqrderfexcludihg'tﬁe map;Shéets contatning bordé?;
Nain'studf’items are as follows:
1;‘1&60}560 aefial“photOQraphy : ' approx. 29, 800km?
2. i:5o.000 topographic mapplog approx. 29,800Kkm?
And, through the eXxecution of the Study, transfer of
technoliogy shall be realized to the SK counterparts in the
whole[aspécis of the'Study from the geodetic coUntrol.point

-'survey in the field to the printing of topographic maps,

3-1-2 Scope of the Study

The scope of the Study (S/W) Is as shown 16 a document
agreed between the Ministry of Lands and Housing and JICA
on March 19, 1987. The terms of S/ﬁ called for the
following studies, though some of the terms were ﬁodified
in the course of the study.'

(1) Aerial photograhy : Aerial photography at a scale of

' ' 1:60,000, using a super wide angle
lens and biack and white Panchro-

matic film



(2) Leveling : Minor order leveling for vertical control
neéessary for aérlal'triaﬁgulétion‘dnd
élofting. ‘Marking ‘shall be ékecqted'every
2Km. | .

{3) Control ﬁoin{ survey'i Sstabliéhméhi 0f_éontrol points

. pointS;neéeéSary for photo control.

{4) Aerial slgﬁa1 and-pribE1ng_:'SignéliZatiOn on geodetic
‘éontrol points prior to aerial photography.
Pricking of vertical COntfol points.

(5) Field Verlfiéatlon : Land-use, vegetation and other

| ground features are verified in the field
based on the photos. Colléct;oh of other
relevant information for mappihg.

(6) Aerial triangulation : Aerial triangulation by
analyticatl méthod. Adjustment by block
adjustment .

(7} Stereo plottlhg and cqmpilation : Plotting by stereo
plotter at a scale of 1:50,000. Compila-
tion by_incorpofating the findings of field
verification.

(8) Fleld completion : Verification in the fleld of
vegetation and other features not identified
while plotting and thelr incorporation into
the compiled manusbripts. {Prepafation of
Original Manuscripts) Confirmation of
admini{strative boundaries and.annétation of

administrative and place names by SK.



.(9) braftlng :'Scribind by c¢olor separation hogétiVG |
_scribiﬁg method on ployester'béép sheets to
ﬁake'lﬁé sgribed originalsﬂ Applicétion pf'sk_
map's§mb01é-(ﬁast_Afr;éa-sﬁécittcations).. -

 (10)Printing : Pléie ﬁéking ﬁy photo lithddrapﬁy pased'on tﬁé
sbribéé quélhalsa"?rln£in§:by ot I sot priﬁtlhg
 mach1né; | | | | '

The work volumes of the above are ShOWh in Table ‘2.



- Item .

Aerial
photography

Levelingf

Geodetic
control .
point survey

Aerial signal
Pricking

Field verl-
fication

Aerjal tri-
angulation

stereo
plotting/
compilation

Field completion

Drafting

Printlng

“Specification -

Scale 1:60,000

.. Minor order leveling
{pricking tncluded)

Satellite geodosy .

Existing bench marks

Scale 1:50,000

6 coidrs
7 colors

“Volume

.29,800km?* for mapping area

Approx. 976 km

10 polints

40 points
Approx. 500 km

Approx. 29,800 km?
757 models

Approx. 29,800 km?
{about 38.9 sheets actual)

Approx. 29,800 km?

Approx. 38.9 sheets actual
(43 sheects)

500 copies each
500 coples each

43 sheets,
43 sheets,



3-1-3 Description of Study Afea
 (if CeOgrabhy ) | | .
_The Study Area encompasses an area'of Somé-29,000 km?
bounded by 3¢ south latitude to the north the border
:ﬁith_Tanzania to fhe;southwestiand the coast- ‘1ine of
the TIndian Ocean io' the 'éastz forming _a reverse
triahglé,_ﬁifh Mt;_Kiiimanjarol the hlghest mountain in

Africa (5,894.8m}, to the west bordering on 1anzania

An intefnatibnél road runs ‘through thé'bentrallpéft‘op
the study area northwest'ffoﬁ Mombassa into Ugah&a:‘zoh
both sides of the road ié a hUge_expanse ofgtheihét§6na}
park whereSWildiIfe sﬁch as elephants and lloﬁs.abounds.
About 30 km‘west of 'Voi, a city abuu( 160 km tnland via
the interpational road, are located Taita Hills with an
ele#étion_éf é,éﬁa m. In the northern part of thé study
area, the Sabaki Riwver iGlana River upétream], one ot'
the Ewo majér rivers 1In Kenya, runs east—west-td'flow

into the Indian Ocean.

The étudy area has an average elevation of aboﬁt BOO.ﬁ,
the 1nland parts averaging about 700 m with hills and
_mountains r;sing_over L.000 m and forming slopeé.down to
fhe sea.COast:on tﬁe east at about }/300 gradlénf. In
‘between the mounata1nous parts and the sea coast is the

svannah Wwith unduiations

In the coastal areas, coastal hill with elevattoans of

arount 20 m are developed.



(2)

The coastal zone facing the Indian Ocean is developed as

a. resort’ wihh_.exbehsivé hotels. But inland 'areas
removed me_éitfés and m§in»rdéds ére-Seﬁi—arid éavanhah
with buéhes,la§ésias dnd.bigcbabbabs typical of Africa;
with low po!‘im:ﬁ_‘tioﬁ densities. Mzima Spring water in
ngyo wes£.Nat1ohé1 Pérk;orlglnaies;infMt,:Klilmahjaro
and fléﬁs'lhtoithé-TsévanIVer'in tons 0f spring1water.
Paft 6f. thé water. is tapped by pipe-lines for water
éﬁpbly_in Mﬁmpésa, Tﬁe.bulk:of the river water remains

in'théfriVer‘but seeps underground or evaporates as 1t

runs the course of the river route and the water volume

is reduced by the time it reaches the coast.

‘Large scale .sisal plantations are developed in the

inland Vol area and coastal Kilifi, offering a magnifi-
cent sight over the exténsive hillsides. In addition to
sisal, " such cash crops as coconuts, cashewnuts, mangos

are raised widely.

Climate

Ciimatlcally, Kenya'belongs to the dry savannah 2Zone but
there are substantlial differences between regions : the
arid (sands or éarth) Zone Iin the north, plateua
extending from Nalrobi towards Uganda, semil-arid
savannah: in the ééntral easterﬁ and southern parts, and

the high temperature/high humidity oc¢eanic c¢climate zone

-on the coasts of the Indian Ocean.



(3).

Theistudy area has both semi-arid savannah climate and

'ooanic ‘high temporature/high humidity climate. The
major dry season starts in January lasting through March

f'followod by the major Wet season of Aprll-— June and the

minor dry season from July to Octobor and tho minor Wwet

-season November to December to complete theé yoarly

-¢limate cycle.

Durlng the major dry season, maximum temperaturesfrise.

T to 30% - 34¢ everyday: wih strong sun intensity during'

=l;h_e_ daytimo.' aAnnual razntalls in tho cowstal areas and -

Talta Hills ronge 1,000 - 1,500 mm which occur mostly
during the major wet ‘Season. | 3 the 1nland thore aro
yoarly rainfalls of 30 - 750 mm and’ 1t i1s: relatlvoly dry
even in the” wet season., During the .wet. season, it
rarely'continues:to rain all day but fhefe afe inter-
mittent torrential downpours. The sky :1is ovorcost
throudhOut the wet season whereas the clear sKy and dry

air prevail all through the major dry season.

Transportation

- . Capital -city Nairobi and the second largest city of

‘Mombasa are linked by roads, air, and railway. .Both

. cities are easily accessible by buses, alr planes, and

tralns. These later-clty roads and coastal  roads are
paved. . Acgcess roads to towns and'vlllages are not paved
but aocessiblo by cars. : But because of the clayisin type

of soil of roads, these unpaved roads become impassable

or very difficult to use in the wet season.



By sea, livestock, mangrove tlmbérs.and'daiiy_suppiigs:
are transported in dhow boats between Lamu-ISfand and

Mdmbasa.

Néirobi and:.Mohbaséﬁ hoth  have 01£Y fbu$ sérvléeép'
- Inter-city Bus "services between ‘ihe 'fwo. cltiés‘Iére.
provided by- privately' run Couhf;y; EQées .and:'Feugeot
'Ser?jcéjjintgﬁ speed 6 - 9 paQSenger—seat ;6mn1bhs|.
Smalf:bmnibﬁées aré thé méét Commbn means of transporta-
tion éspgciaiiy fMdtatQ“ éé.tﬁéy call it.ls:vefy popular
%amonglbitizené fﬁr coﬁmutiﬁ§’énd:shopping-since=1t is

lnexpensive, fast,“and:easily available.

xReéular éirline.services are avallable out of Nalrobi;
and';heré'are daily scheduled  flights between Mombasa
and Nalrobi; both'in the study area, and from there to.
Kisuma on Léke.vfctoria. Mobasa Airport is an inter-
pational airport ‘serving direct flights to and from

Europe.

There are a numbef of flvying service companies operating
small _airctaft. offering regular flights for tourists

and chartered services as well,

Small towns aé wel) as National Parks and w11dllfe
Reéqrvés have runways for small ailrcraft. There is the
-Flyihg Doctor System avaiiaﬁle for emergency medical
assltaﬁce. dispatching doctors and hospitalizing

patients.



Railways services are avallable  between Nairobl and

: Mombasa, Voi and”TaQeta; for mass transit.

"3-1-4 Work Plan

‘Thé entire Study is planned for four years comprising the
folloWing:f0ur-phases‘- The yeérly wotrk vblumes'are'giv@n

in Table 3.

(1) First Phase (First Year, Fiscal 1987):
Aerial -phbtography, aerial signal  and pricking,

leveling.

1) Aerial signal
In order to achieve the specified mapping:accurécy.
horizontal control pqints shail have the accuracy of:
0.07 mm X 1/({map scale){=0.07 mm X 50,d00 = 3.% m}

or less

- -



Tablo 3.

Yearly Work Plan_

‘Year [Job Work volume Remarks
C Classiflcation ' - :
First- Aerial signal |40 controf'points . 5 polnts misslng
1987 Aerial Photo- [Scale : 1:60,000 90% covered
S graphy 1 3,300 Km {fout of.-29, 800 km?
_ 21 courses in total)
Strlp photography : :
1:40,000 1,500 km
over leveling routes
Minor order 731.3 km .
teveling Existlng routes 500 km covered
S e 700 km
IPricking - Minor order leveling
oS routes - 731.3 Km
Report Japanese 30 coplies
English ‘30 coples
Second |Aerial Photo- |Scale : 1:60,000 Unphotogaphed
Year graphy 760 km 13 courses|area in 1987
1988 -

Geodetic 10 points, satelllite

control point |geodesy

survey

Minor order 245.1 km Missing parts of

vaerification

leveling (Pricking included) |existing first order
leveling route, con-
nections to control
points

Field 26,800 km? Area covered by 1st

year aerial photo-
graphy

Aerial
triangulation

757 models

Stereo
plotting

Compllatlon

11,475 km?
{15 sheelks)

11,475 km?
{15 sheets)

Report

Jépanese 30 coples
English 30 copiles

Scale 1:50,000

Scale 1:50,000




Table 3..?ear1y Work Plan

2
ISR R — T T et S
Year |Job. = - Work ‘volume: . Remarks

Classification S B
Third |Stereo 18,325 km® [scale : 1:50,000
Year plotting {28 sheets) -

1989 [T T e B
- Compilation 18,325 xm® Scale : 1:50,000
' ' {28 sheets}

Field . 29,800 Km? -

completion {43 sheets)

Report Japanese 30 coples

: gnglish 30 coples

r—m-r_—i L . ; - P R, ﬁ__gg____*f__._—.r_(._m:__ﬂ

Field 3,000 km? |Area -coursed by 2nd

verification R “lyear aerial photo-

' graphy
Fourth|Drafting 29,800 Km? _ .
Year {43 sheels) '_J
1990 = -t - SIS I [E BB _‘—_———_—-—-: -

Printing 43 sheels, '

6 — color
500 copies/shect
7 - color :
500 coples/shee
Report Japanese 30 coples
English 50 copies
L - . i RSy N



2}

3)

Thérefbré, £hc tirst ordér‘and.seCohd'order triangula-
thn_polhts and traverse points are'td.be=USed for
ho'uzon"tal_. control. The 40_ho"rlz_onta.1 control :'points
plaﬁned: for- use for aerial iflahqulétlén shall “be
élgnéliéedf prior to  aéria1 photégraphy..j (Flgufe 3

shows the locations of the control points and leveling

routes)

Aerial photography

Two types of aerial photography are prepared.

{é)'Phétbgraphy'of'levellﬁg routes (Fiéure 1)
To faciliate the work pfocess and pricking of
exlsting léveling routeé and planned leveling a
distance of 1;500 km along the leveling routes is
flown in a sigle course for 1:40,000 scale aerial

photography.
(b) Photography of the entire study area (Figure 5)
An area of approximately 29,800 km? is covered by

1:60,000 scale photography.

Pricking of bench marks

CExlsting bench marks [(over approx. 500 Km) are pricked

for aecrial triangulaticon and pletting. Pricking of

‘planned leveling routes is made at the time of

leveling. Original aerial photos taken at a scale of
'1540.000 are enlarged Lwo times for actual use.
Pricklhg results are transferred to Lthe 1:60,000

scale photos as necessary.
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4) Leveling
"InIQrdqr to acﬁieve the specified- mapping accuracy,
verlfical'contr§l bo1nts shalL_ha#g'the acéuracy of :
0.07 X contogr iﬁtetna1?{=0.0?‘x 20m = 1.4 m
| - | | | or less
Exiéflng_bénch marks to be uéed for;aéria; triangula-
'fioh and_plbttlng are geeraphiéaily,sCéttéred so that
' .u51n§3 them .as; given' points minor drdéf leveling
: (ﬁpbrbe 730 kﬁ) 18 conducted for suplémantatlon.
.{Figure 3) ..Marking_shalllbe executed evefy 2 km all
}aléng;thé:routeé or sfurdf'ground features sﬁali be
selected to serve as marks, and they are measured for
..their elevations and pricked as in  the preceding
process, The requlfed accuracy is 50 mm X {85 .(S

“route length in km)

(2) Socond Phase {Second Year, Fiscal 1988):
Aerlal photography, geodetic control point survey,
leveling, fleld wvertfication, aerial triangulation,

stereo plotting, compilation.

Based on the first' year accomplishments, the initial

work plan 1s changed as {ollows.

1) Aeflal.photography
Of the total study area of 29,800 km® planned for
aerial photography at a scale of 1:60,000, some 3,000
km? fhat were left over from the first vear are flown.

(Figure 5}



2)

3)

Geodetic control p01nt survey

' OI the GKiStlﬂQ geodetic control points selected tor

:'aerial‘ triangulationf 10 -points arec measured by

satelllte geodesy,* (Figure 6)

Leveling

:'with respect to. the 245 km of existlng levaling route

(Malindi - Lunga Lungal} where-bench marks are lost

?-'minor order 1eve11ng and prlcking are undertaken.

1)

(Figure 3}

Field verification

: Field verification is conducted covering about 26, 800

km® of the study area that were aerially photographed

" in the first year. for indentification of place names,

vegetation classifications and other representations
that were difficult to identify on the photos, in

reference to the map symbols, and for preparation of

.keys for photo-interpretation to help plotting to be

done 1In Japan. Prior to .the commencement of ficid
work, reconnalssance interpretation {s to be done in
as muCh'as.possible based on aerial photos ‘and other
related data. Collection ‘and verification  of place
names and adminisitfative names are referred.to SK.

{Figure 7)

— 40 -
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5)

6)

Aerial triangulation
'qurdinatos and olevations -of pass .polnts and tie

‘polints to. be used for plotting are determined by

aerlalf;trlanQUIatlon; based: on the ground control

] sQrvey' Eindings and 1:60,000 scale aerial photos.

Block adjustment computations are made analytically of
about 750 models by -independent model using PAT-M43

prdgraﬁ. - Control point_residuals'and df{scprepancies

" of pass points and - tie points shall be (for both

piéhimetry and elevation):

éu@nzuuumex1u4%(#5A00mk 1.4 % = 7.6 m)
o - or less.

Stereo plotting aﬁd Cﬁmpilatlon

Based on the results of aerial triangulation and field

vérificaftlon as well as aerlal pholos, topographic

features and other .representations required for

~mapping are delineated at a scale of 1:50,0800 by

stereo plotter to produce plotted manuscripts.
Contour'llnes are drawn at invervals of 20 m inter-
mediate contours and 10 m for half intervél auxiliary
cuntbur where applicable. Spot heights are measured
photogrammetrically and  dlstibuted  taking  the
locations of the controel points into coﬁslderatioh and
foéuslng on coﬁspicuous road ftntersections and
outStandlng topographic features [(mountain tops,_plts,
knick points, etc.)., From the plotted manuscripts and
fiteld verifiéation-findlngs. compiled manpuscripts are
produced according to the map speclfigations, in a

size of 15 x 15' peat lines,



(3)

Since there are existing maps to the north of the

fStﬁdy area‘ etaborated by JICA on the ecast, and by

=‘(:a.nav.da on the west as wéll as the‘Brltish'Ordnance

Survey is worklng to: the south on the Tanzanian sldc

Due attentlon must be paid tor matching wlth theso'

maps. Ask 6K for information on these other areas.

such 'és priékqd- diapositives, 'aerlal _triangulapion

results ”and'fCOQIGS' of original manuscript. Proper

' matching is ensured with existing maps, in principle,

but, where difficult, consult SK.

puring the second year phase,11,475 km* {15 sheels):
are covered. The remainder to be completed in the

third vear. {Figure 8)

Third Phase: (Third Year, Fiscal 1989)

Stereo plotting/compilation {(continued), field completion,

field verification.

1)

2)

Stereo plotting, compilation
These processes are continued trom the second vyear to
complete the remaining 18,325 km®. (28 sheets)

(Figure 8)

Field cdmpletion

With respect to all sheets of the cbmplled manus-
¢ripts,’ ‘topographic énd other map features and
geocgraphial names as repfeséhted as weli<as_ﬁncértaid
items uhcévered in the brocesses of stereéo plotting

and complilation are confirmed and/or ldentified on
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sjte and dellneated in the manuscripts. 5K is asked
ror study on geoglaphical names, adminlsirative names

‘and_boundaries.-'

3) Field ver:fication |
‘Since plotting of those parts of ihe Sf&ﬁy area'that
3were photographed in the second year 15 done without
fild varification of Lhe..photos,_ tield survay :13
-Conducted Lo ¥dentify “ke}é “teo asstst 'pho;o 1nter-

-bfetation,l

{4) Fourth Phase {Fourth Year, Fiscal 1990]

Drafting, printing

1} Drafting
Based on the fleld compléted compiled manusqripts
{orignial manuscfipts], negative scr!blng and prepara-
tion of masks and marginal informatfon sheéts for 7
color printihg plate making are carried out. .These
sheets are madé in composite film 1n such a ‘mannetr as
to have one color in one sheet for the sake of plate
making and printing.  Composite positive$ are also
p}epared consisting mainly of.lihear elements for the

purpoée of malntenance {revision) of maps.

— 46 —



2) Printing
Printing piates are _madé from negatives by ﬁhoto—
iithogrdphy.' A total of 1,000 coples each of 43
'sheetsgot ihe 1/50.006;top6graphic maps are ﬁrinted:
500 coples in 6 colors for public use and the other
__500:cdbiés in 7 colors for gOvernment'use...Speéifica~
.iiohé..inciuding-sizes, of “printing papér are‘tb_be

_determlned through consultation with SK.

{5} Work Flow
the study was completed in March 1991 as originally

schedled. The work flow as actrually followed in this

étudy in shown in Flgure 9.
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3-2 Acrial Slgnal

-:3»2—1 Outliﬁe‘
_Fdr horizontal coﬁtfol points for aerial triangulation énd'
piotilng;POUtIOf existing triangulatton points and Lraverse
points (réfetréd- to as "géodetié _COntrdl pbihts"], 40
points were seélected on the aerial photographﬁ planr map and

signdllzed on site,

.3—iﬁ2 Sighalization
. Of the 40 geodetic control points, as selected above, 35
points Wefe signalized as they were but the remaining 5
poinés were missing, Thergfore, “with respect to the
missing points, signalization was made in the neighborhocod
of the presumed locations of these points and control point
survey was conducted to determine thelr polistions and

helghts. {Figure 3)

3-2-3 Shape of Aerial Signalé
The shape of the aerial signal is 4-winged in prinéiple but
occasionally 3-winged depending on the surrounding
conditions. Bach wing Is rectangular in shape of 5m X 1m.

Material and other specifications are as follows.
{l) In rocky areas with many ocutcrops, the gignal was drawn

on the exposed rocks in the specified shape with white

paint.
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(2}

'Nheh_smqll pieces of. rocks wero'available. or couid be

.3'brought in, in the neighborhood of a geodetié cohtrol

point, they were laid out on the ground in the. speclfied

shape and palnted in white

(3)

In coastal hills and inside bushes that were. not easy

" for tfanébbridtiOn. timber block cut from . tree woro laid

out on the ground in the specified shape and coated with

‘White paint or white lime.



33 Acrlal

Photography

'3-3-1 Outline

PHOTOMAP, based in Nafrobi, Kenya, was contracted for

aeriai'photdgréphy'for pricking and plotting.

(1) Aerial photography for pricking

1)

2)

3)

4)

Flight plan

Aerlal photography for pricking was planned to be done

‘with & super wide lens camera at a scale of apout

1:40;000. Flight cdurses were planned over the
leveling routes with overtaps of 10 - 15% for a
distance of about 1,500 km {500 km of existing roule

and 976 km of minor order leveling route}.

Bases

Vol and Malindi aifports.

Alrcraft and aerial camera

Afrcraft : Cessna 404 Twin Engine Turbo Charged

" Aerial Camera : Wild RC-10/88mm lens cone

Navigation system
Telédye Ryan Doppler

Sperry C-12 Compass System

__.5] ——



5} Film and prlntlng paper

Film : Kodak double X panchtomatic Aepoglaphic
' ‘ type 2405

Printing paper : Kodachrome l1RC

6) Flying |
Photographic flying was'farfied 6ut'frbm'&ovémper 9}
“1987 to November 28, i§87. ThGVOrlgiﬁa}'blan called
for the sun's altitude belng no less than 30°.at the
time of photngraphy but it was forced to be eased due
to unfaVOrable weather condltionsli And for the same
reason.' the result;ng photos had lscales ranglng
from 1:8, OOD te 1:40,000, which ‘were accepted since

they did not adversely affect the work processes

7) Results
'Except for the wvariation in photoc scales resulting
from changes in fligh£ altitudes due to clouds as
méntioned above, all the planned courses were
successfully flown with results'as below.‘{Figure 4)
Number of courses fiowﬁ ' . 85 courses

Number of photos taken : 1,052 frames

{2) Aerial photography for plotting
1) Flight plan
The flight plan was made 1n accordance with 5/W which
specified the use of a super wide angle lens camera
and the scale of 1:60,000, Flight directions and

number of courses were



Eastern bl
Nearly no

western.bl
East—west

along Tan

rea L No. of courses palum plane
ock 1 S 9 ' " 500 m
rth south : :

Tie course 3
zanian border

ock N 15 1,000 m

Forward oveflaps and sidelaps were 55-60% and 25-35%

respectively in principle. But 40% or more of side-

‘laps were allowed for the Lwo courses along the sea

2)

cdast. and for the inland side course It wWas so
arrnged that all the principal points be located in-
iandr The inland courses that included Taita Hills
were allowed 40%.more or less for sidelaps due to sub-
stantial diftérences Ln height involved so as Lo

prevent stereo gaps.

Bases

VYoi and Malindi airports

3)

4)

5)

Alrcraft and aerial camera

Same as (i) 3) above.

Navigation system

Same as {1) 4) above.

Film and printing paper

Same as (1) 5) above



'6) éiyiné | .
Due to unfavorable weather cqndltions. flights took
placé_ih £he_to1low1ng'two separaté 5ériodé;_ |
a. From Decgmber-ig.flgs? to Februafy_zz, 1988
b. F}_om February 13, 1989 to 'F_'e_br'uar'y' 27, 1989
7) RéSulEs | | | |
| The resuits werc as follows. {Flgure 5).
..Numb9r of Coufses flown ~  : 25 courses

 Number of photos taken 959 frames

3-4 Pricking

The . existing bench:marks in the study area were surVeyéd in an
attempt to prick some: of them as vertical control poiats for
aerial triaﬁgulation and plotting. There were a total of 383
bench marks of which 147 points were pricked.(Figure 10} With
respect to Maiind; - Lunga Lunga part of the route for a distance
of about 200.km where missing points wWere concéntrated, minor

order leveling and pricking were conducted.
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3—5'Conbrol_qunt Survey

3-5-1 Geodetic COntrbl‘Poiﬁf survey

(1) outline -
Geqdetié contfoi'poiht survey wés;condhcted by_sdteilit@
_geodésy_ usinglségzto détérminefhor;zontal_positlohs ahd
;heighféi‘6f52319naiized"5 :pbfnts  (Figqu 3) .dnd Qné
“additional bench mark (any-sét'ué;ﬁy pricking, as well
Las to obtaln heights of 4 triaﬁd&latién points (not
.including .R—z'.).'= whdse::eléVatiéné; were:’ﬁot " Known.

Specifically.'thé_ten points actﬁa}l? observed were

For horizontal positioning : 19352, 1968T4, R-2,
For horizontal and vertical positioning : 199ST1, 199ST2,
10952

For vertical positioning : 188PTi, SKP49, 195PT2, 20253

1) The following points were used as given points.
a. For horizontal positioning
188PT1, 19152, 19256, SKP49, 195PT2, 19751, 198S8,

SKP62, 200SB, 20253 -- a total of 10 points

b. For vertical positioning
J-2, J-3, R6, 1963T4, R-2, R9-47A, SKP62, 19352,

I/21, BM-1 -~ a total of 10 points

Observations were made on the top o6f the monuments
except for 1/21 and BM-1 which Weré not suitable for

such observation so that temporary markers were set up



¢lose - by and fheir élevatiéhs ='Ihrére detqrmlned 'DY;
: dlrect”ievéling to make them sérve aé ngén-points.
To QISLlnguléh these temporary péintS' from fhe
':Oriqinaf pQ1nts. theYIWere designated as I/2I1T and BM-

IT respectively.

:2)_Sﬁ?iQ;ﬁas.notladequate-as it was for observation so
tﬁét a new marker was temporarily set up abcﬁt 2 Km to
 the souLh and observation was made therefrom. This
temporary point was designated as SKP49R to disting-
“uléh it from the original point. Only the relative

-helght was measured between these points,

3) Four geodetic conlrol points (19052, 196ST4, 199571,
1995T2) were not found al their original locations and
‘therefore monumentation. was newly ﬁade at biaces
considered closé enough to the origlnél locdtions;
They were distinguished by putting N at the end of
their respective 1dent1fication numbers as follows.

19032N, 1965T4N, 199STIN, 199ST2N

{2) Observation _
Using three units of Trimble (USA} 4000S8SX as receiving
devices and starting from an existing polnt, observa-
tions were made simulaianeoﬁsly at 3 points, to close at
another ekistlng point. See Figure 6 for combinations
of the ohservation points. Satellites Nos., 2, 6, 9, 12
and 13 were used for observation and 3 to 5 of tﬂem Wwere

observed at altitudes of 15 degrees or higher.



(3)

PrOCessing of observed data | .
a. Durlng the observations of Trlangle No. 4, Satcllite No. 9

Was - found unheaithy and therafore, this satelllte was not.

used for computation

An orbital adjustment took place during obsorvatlons of-
Triangles " Nos. 5' and 6 started and tharetore thls

Sate}lite‘was omitted from computation;.:

. Satellite orbital ~data used for COmputation were baaed on

broadcast epheméris. Computations were made accordlng to
"Automatic Proaessihg"; a menu of Trimble program TRIVEC,
and the géocehtric coordinate system that corresponds to

the satellites' reference ellipsoid WGS-84.

from the vailues of three points obtained by simultaneous

“observation, coordinate differences between two points, or

side length vectors, can be computed. Though they are not
sriétly independent from each other, by examining thelr
vector closures, the quality 6(_ ébservations can be
judged. Table 4 shows the ciosure differences for -each
triangle._ In the table, aX and AY concern the latlitude
and the'longitude components respectively on the reference
ellipsdid WGS-84, ah representing the vertical conponent

relative to this ellipsoid.



e. The Observation results are summafiﬁed below.

~Range

Mean

Total length (triangle) 87km 280Km  I55km

Side length (one side)

Closure {absolorte value)

AX
AY

21km 126k 52Km
+ 3
lcm"zécm 9cm 3cm
icm“iﬁscm:' 370@  12cm
ocm 30cm l4cm | S5cm

The aboves aré the resulls of computations executed for

' éhééking‘DUIposes_dn gite.

‘Table -~ 4 Triangular Closures.
Triangle{ ax AY ah |Total side length
- 1 *BCﬁ_ +30cm 10 139.5Kkm

2 ~5cm} +48cmf{ -18 150.5Kkm
3 -20cm|] —-45cm| +15 124.3km
4 -5cm| -34cm| - +7 204 . 1km
5 -10cm ~6cm) +12 97.1Kkm
5' +1cm +icm 41 97.1km
6 ~-26cm] -b6bcm| +30 136.4Km
6' -2cm| +36cm| -8 135.4ka
7 +9cm| +13cm|  +2 90. 4km
8 +17cmyi +49cm| -12 127.7Kkm
9 ~19¢cm {+108cm| +26 208. 1lkm
10 +lcm +3cm| +19 146.9km
11 +t8cm| +76cm| +16 195,3km
12 ~3cm| +5cm| +10 192,0km
13 —4cﬁ -56cm| +25 214.6kmo




(4) Computation

1)

2)

 Usihg the observed vaiues at all_the given and the proposed

points exCept for: those of :Triangies Nos._ 5 and 6. the
coordlnate dlfferences between each two adjacent polnts
were computed | _Net adjustment ﬁas' performed 'slmuln
taneously. fixlng the coordinates of all the given points

The refetence eliipsoid of the satellites 1is WGS 84 whereas

the Kenyan geodeﬁic_network (New Ark 1960) is referred to

Clarke 1880. The two ellipsoidé, however. have fﬁgir-thée'
spatidI_ axes . parallel feSpecthély ‘to -each othéf,,‘ahd
therefore QGS—Bq based GPS ‘observed va;ués (3%, ay and aY)
expréssed ihLQedéentrtcicoordinate:systém_can be'striqtly
dealt with in the'geocéntfic coordinéte system refefred to
Clarke 1880 eilipsold.. Clérke IBBO'reference-ellipsold has
following dimensions.
Semi-major axis : 6378249.145nm

1/flattening : 293.465m

Observation equations
With respect to Points 1 and 2, the following  eguations

wére developed. (unit : m)



v [(AX}= [(Nahi) 7 p” Y sina, « 84," cos ¢
2 TN} 27 ) 80 $1C08 41+ 8 17 - COS$,COS Ay + Shy
S C(MNavha) Fpt Y sinAs s 8 asT Cos ba .
= [(Nathe} £ p" 151D $2¢08 A+ 8 ¢2" 1COS$:C08 Az v Sho ”

4 AXJdo“ Ax'(;t\s

V(IAY)?>=[{Nrﬂn)1_p”} cos 2: - 8§ 47 cos 9, - _
| *LING )/ p" 1Sin ¢asin 4, « 8 62" 1cos¢sin 4,0 §hy
4 {(N;*h})?iofj COS A2+ 82,7 COS 2
S {(Nah) / p" 1 singsind, e 8 ¢.7 1COSPSIin A, 6he "
4 AYaes AYas

v AZ) = [(Nﬁh@-'e'.‘Nn.) I o® ] cos ¢+ & ¢y -sing. - 6
4 [{Nthye®N,) 7 p” Y cos ¢.- 8¢, +s5ing, - &h,
+ 'Azadov_ AZ-:\bs

where

A, o Geodetic longitude and latitude of
point i (approximate)

hy Height from reference ellipsoidal

surface of point i {apparoximate)
8§24, 8¢ Correction to 21:,, ¢ (unknown)
& hy Correction to h., {unknown)
X, Y, Z Geocentric coordinates of point i
referred to the reference ellipsoid
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AX
AY

AZ

A Zado

A xahs
_ A Yobs
Aloes

=X,-X {X component of the;gcocentriq
(oordlnatc dz(fcrenCe) _ ’
=Ya- Yy (Y (omponent of Lho goeocentric.

'_coorilnate d)fforenco]
=l (7 componont of. Lhe geocontr;c
.coordlnaLe dofforemce)

Fquatorlal rad:us of thv rcforen(o
olllp%01d R

Polar ledluu of the reference e]llpsoid
=(a? lf)la Flrst Pc(enlrlclty

= {at-p?) 1o %econd eccontrlclty
—alb Radlus of curvatUIQ or morldlona}

ellipse at the poie

=¢’?cos’ ¢

=1+ 5?2

=C/V Radius of prime ver11CdI at. point
; _
Second corresponding to 1 radian
Correction Lo be added to obderved
value # shows kind of observation
Approximate value of AX computed by
using 2 and ¢ '
Approximate value of AY computed by
using. 2, ¢ _
Approximate value of AZ computed by
using 2, ¢

Observed value of AX

Observed value of AY

Observed value of A7



3) Adjustmeht‘cdmpdtétléns
For adjustment computations, a ﬁewiy deve)oped gebdétlc
:netwqu .adjustment .compﬂiétién _brdgram, PUG-U .(UniVersaf
"Program for Adjﬁstmént of Any Gecdetic Neﬁwofkj' was
Emﬁloyed; The resulté of  the computdtith'afe giVeh in
Téble 5. “The reference ellipsoid and the Cobrdihate system
o whiCh‘the comphtétions wére based wWere CléfkeffBéO and
-ﬁew5Ark 1§60 reépectlvely. Iﬁ the tablé, H.reprééents a
gheight from the geoid. Table & shows the UTM coordinates

of the proposed points.

The geometric patterns the program automatically recognized

from the observed valueés were:

Pattern ' Number.
Triangle i5
Ploygon 4
Traverse 31

Straigiht line )]

From.the results of networkK adjustment, the accuraclies of
coordinate determination are és follows,

Maximum correction to add to the observed values r 4.84m
Standard deviation Qf a observation'of unit welght : 1.579m
The error.ellipées of each point 1s shoun ;n {a) of Figure
"11. In the figure (b) 1s shown the case of the solution by

free net adjustment for reference.



Table 5 |1} Adjustad Results of Proposcd'Polnls

* gy direcl levellng

*A offlclal result

o CLAnKﬁ-léao' _
AstaTion Mo s
1 ol Lat ftude Longltude ]|
e i A T
_:190_5 2 |3 18 t3. 1003¢s) |38 52 19. 9026(5) | 403.23
193 5 2 |3 15 20. 9452(5) |40 07 49. 997618} | 12.43 *
196 ST 4 N 3 56 1a. 9430(S) |38 33 03. 123013}' 606.57 *
199 ST L B |4 02 55. 7452(5) _ |38 49 1. 6753{8) 458.22
199 5T 2z v |4 11 03, 2020(s) |26 56 46. 1256 (&) 340.19
no- 2 3 éé 12. 347318)  [38 59 34.° 1271(E) 369.00
SKP 49 3 24 46. 0069(5)1** (38 17 29. 8922(E)** [2206.99
188PT1 3 00 16. 4060(5)*" |37 13 48. 4089(E)** 12ia.43
195672 3 38 ql.-3lqp{sa*f 38 27 25. 2373(E) 4 942.67
20253 2 39 05. 7588(51** |39 21 34. 5398(E)**| 3.00
* By direct leveling “
** potficlal result
Table 5 (2) Adjusted Résults of Other Pb!nfé
CLARKE 1860 )
STATION NO. —_— e — — —————
Latitude - Longitude i
T e 4w R PRI m
SKP 49 E 326 01. 9461(S) |38 17 31. 2406(E) [1646.27
i91 s 2 3 16 43. 0430(S)** |39 10 15. 8781 (E)*%| 443.41
192 8 6 3 02 50. 8435(S}**139 33 as, 2291{E) A ) 142,37
198 5 8 331 18, 1536{S)**[39 32 10. 5776(E)**| 319.75
200 5 8 4 10 15. 2370(S)** [39 11 16. 4592(E}**| 295.15
3 -2 3 04 04. 5013(5) |38 08 03. 1099(8] 637.32
3 -3 3 45 06. 0445{S) |38 05 00. 0236{E) 766.55 4
R=- 6 3 22 59. 7944(8) |37 47 32. 0714(8) | 891.05 *
1/24T 333 17. 1347(S} |38 45 00. 7932(R) 517.35 A
BM 1M 433 12. 6361(S} |39 07 27, 7634(K) 45,92 *
N9 - 47A - {4 04 51. gsgiis) 39 39 51. B4DZLE} t1.94 *
SKP62 3 37 38. 56261S)** )39 51 15. 7154(E)** 45.75 A




Table - 6 UTM Coordinales of Proposed Points

Polnt UTM éodrdinates-
" Name - S - —
| N :
o - - | o
sKpA9E | 9620 455, 048 421 355. 682
196éT4N:_‘1§§64;6364 643 450 140. 343
199STIN || 9552 515. 435 480 009. 854
19§$$5N;; -9537 551. 759 494 dza. 157
190 S2N | 9634 874. 834 485 801. 734
193 52 9640 093. 143 625 611. 136
J -2 9660 892. 072 403 788. 607
3 -3 9585 495. 572 403 762. 154
R - 2 9609 112. 417 499 201. 774
R - 6 9625 992. 937 365 B27. 147
1/21T 9607 120. 238 472 258, 467
BM-1T 9496 734. 786 513 797. 102
RO-47A 9548 919. 276 573 747. 840

Maxidian

Convergenc

. e
6 2 32. 670
0 1 S1. 057
-0 0 45. 776
-0 0 14. 146
-0 0 26. 514
s0 3 51. 183
-0 2 46. 828
0 3 24. 073
-0 0 1. 596
-0 4 16. 632
-6 0 55. 753
+0 0 35. 548
10 2 50. 231

e




(b) Error Ellipsés (Fﬁ:c Net Solution)

Figure 11 Erro’r. Ellipses

_Jfﬁ__



4) Dotermination of holghts
Thg]helgﬁts derived from WeS-84 based GPS data are relative
to the éufface_o[‘CJarke 1880 ellipsoid, and thetefbre.need
‘ﬁo‘be CODVGrted to  those of leveifng. In Figure.lz plane
”¥§ 16 a_plane'on'the reference]eilipsbid-Surface': P is d
ighiiatéréliy Chbsén spatial point and the feet of perbendi“
-iédlafs dtJP énd surroﬁnding.polnts P,. Py and P, on the Xy
'plahéfsrd P;, Poi, Po2 and PQQ repeétlvely. Point P has
helght from the ellipsoidal surface h. The coordinates of
thése ﬁdints on the €llipsoid are represented by (%, Y).
(i;. Y1) (x2, Y:) and (X,. yaj and the intersecting peints
of their perpeﬁdiculérs to the geoidal surface as P’a.
Py, P'oz. and P'es, respectively, with their :geoidal
hetghts as hg. hyy, hy,, and hgs. Assuming hy,., hg. and

h,, are known and the geoidal surface is flat,

put
X1 Y1 hg
D= X2 .Yz hy.
Xa Ya hoe

and

u = (Yih.z'l'yeh:s'i‘Yahu")’zhu“}’ah_u) /D

v = (h.;x2+h.zx:.whnxr’hnx:?h:ah) /D
W= (XI);z+Xz)'3+X3YI—Xt)’a“X2Y|;XaYz) /D
then

hy=(l~ux—-vy) w.

FuYther

H=h+h,
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Figure 12. Geoidal Height



Actually for ha:.thz-énd,h;y. onlf'rélat1VG values - are

.kndwnr so that the geoidal height is assumed for ohc of

these points to arrive at h,’ of a proposed point. In the

Stuby;” however, there were ‘not a ‘sufficient number oOf

points with known leveling helghts available for the above

5}

- ¢0mbutat16hs,.anﬁ‘fherefore, as mentioned in the Report on

the SQcond!Year Work, Page'as'[slg'heights of the proposed
polﬁts:?wefe calculated by Interpofatlng or extraporating

the values of adjoining given points.

wlth‘réSﬁect to those points whose heights were determined
by ieVeling, heights from tﬁe eilipsoidal sufface and thoée
from the goidal surface are compared in Table 7. Further -
more, by assuming the geoidal height at Point SKP62 as o0,

geoidal heights of thesé points weére caluculated with the

. results as shown in Table 7. Based on the above results,

the heights from the geoidal surface of the proposed points

are given as H in Table 5. Shape of relative geoidal

"helghts ‘estimated from the values of Table 7 are

schematically overlaid on the map of the study area 1In

Figure 13.

Results

The results of ~compuatations performed in E3) .above are
given in Tables's and 6. The horlzontal coordinates are
those derived from the adjusfmént compuatations of 3},
while the 1listed helghts are of the provisinal values as

mentioned above [3).



Table 7 Geoidal Helght at Points with Leveling Height

F;;iht:No..Héight from|Helght from|Geoidal height
: | eltipsoid | . geoid. h
h (1)* TIRRPIEE {2)-(1)
A 0 m m
SKP62 45.78 * 45.78 _,d*
19352 | 13.87 - 12.43 _L:‘ © 1.53
R2 - | 378.19 ll 369.00 | - ';-q;ig:_
J-2 654.41 637.32 { . -17.09
R-6 909.11 - 891.05 ~18.06
3-3 | 781.39 | 766.55 | ~14.84"
196ST4N | 617.46 606.57 : -10.89
17217 530.92 | 517.35 ~13.57
R9-47A 10.74 11.94 , +1.20
BM-1T 48.00 1 45.92 ~2.08

* yvalue on the ellipsoid Clarke 1880. .
Helght at SKP62 is assumed to be the same as that from
geoid. .

** By direct leveling
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3-5.2 Leveling

(1)

(2)

Oﬁtline .

de%way. minot*:orderT.feVeljﬁg 'was.'caytiéd out based_'oh'_iho
exiéing :he;nch”:mafké jusing. stﬁff_ stahds to eﬁéure' ;he
accuracy of SemlS (s5:km) as specified in the S./i;.'.. In addi-
tion, trigonométric cfnssfSea levqilng_.ﬁéé' a}éo  66pdué£Gd.
acrdé Kiiinﬁihi Héfbor in Mbmﬁasa and:Kiiifi:C:eék.'_
Deterﬁindtibn-of routes ,
Sinée‘it wé§ difficﬁlt Eo_deiermine?levéliﬁg rb@fés from maps
or field sqrvéys alone, aerial'photodraphy Wasfcéfrled out on
the.basls:0f.theﬁpréliminafy flndings.frbm ﬁaps‘and field
surveys, - and photo interpretaiion wWas performed {n éearch of
feasible routes. The 10 routes thus déetérmined were as.sh0wn
in Figure 3.  The descriptions of these routes are given

below.



Leveling Routes

Route hﬁmber- ﬁ;;;;} Of‘markers Rouﬁé lengtﬁ (km}l:
BT 32.1
‘Rz o 34. | 69.9
_hj o L 54 109.3"
R& | 64 135.8
..R5 22 45.3
R6 83 161.6
R7: | 38 81.0
R8 45 96.3
RO . . 48 97.7
R10 68 129.5
.gi}ggél : 473 * 7._ 958.5 )

* Note : Exlisting bench marks and auxiliary points of cross-sea

leveling R9-478 and R10-33B are excluded.

;73%



(3) Marking

(4)

(3)

Marking was made about every two kllometers along each route,
Bxlsting ground features such as structures, outcrops. tree
stumps._ traverse ‘poinals, were used wherever possible 3 of
mdfkihg by'nail{ng Or'rlveting, and_otherwise tlmber plles
were driven_'iﬁto'”the road surface. "Partly. permangnt
mohﬁments'wére sét_u§}  (Refer to (7) of thls section) The
déscribtions of  points Here"pfepéfed fof' their 1dent!f1—

cation.

Instruments
Instruments employed for leveling were:
a. Level . Nlkon AS automatic level,

Carl Zeiss Ni2 autematic level.

b. Staff : Metal staves
c. Staff stand : Metal stands
d. Theodolite : WILD T2 [For cross-sea leveling)

¢. Electro-optical distance meter

WILD DI-3000 (For cross-sea levelling)

Implementation

LLeveling was conducted over two vears

a. First year R1 R8

b. Second year _ R9, R10, and 2 locations for cross-

sea leveling



prior to theAsﬁgrtﬁof.lgveilﬁ§. check.measureménts werc made
of the.bxistlﬁg bdnéh.marksrtﬁ enSure;thé;resulislmet thé
‘accuacY:fGQUirements as specifled for the present_surVGying..
énd'the starting boiﬁts and closing points ﬁere'deterhined
.accordanIy. -The observed data were checked by closing to
- existing polhts‘cr-lbop_closure Qlth resﬁlts as shown below.

They all met the required accuracy.

ﬁouter Section Closure{mn) [Distance{km)}Al lowance{mm)

EI:ﬁgfm_‘sa/§=1(21- | 98 | 102.0 504 -

R1+R3 58/3-LIX/49 274 141.4 594

R2+R3 . |1/21~LIX749 362 179,2 669 -

R5+R6+R8 | T1/91~1/21 337 303.2 870

R5+R7+R8 [I1/91~1/21 342 222.6 745

R6 +R7 (Loop) 235 242.6 778

R4+RO-1 |I/38~LVI/30 57 186.7 663

R9-2 LVI/30-LVI/10 26 32.8 286

R9-3 LVI /8-FBM 13 14.0 187

RIO-1  |#BM-LIX/77 68 21.0 229

R10-2 LIX/77~LIX/49 61 42.6 326

R10-3 LIX/49~S7-6 29 65.9 406
R10-56~19352 {3(Discrepancy 5.3 115
LIX/49~SKP62 |3 of double 1.1 52
R8-23~1965T4. |1 measuremenis 6.4 126

- 75 —_




(6) Cross -5¢a levellng _ -
Cross%sea leveling across Kilindinl Hafbor_and Kiiif; Creek
* was cdnduCted at Likont and.Kllifl;  The‘mﬁthOd empldyqd was
trngnémetrlcflevélfnd using’ two unitS_Qf WILD TZ.tﬁ§0dﬁlite
and @ WILD  DI-3000 - .eléc'_t'rb—_opti_{:ai_ distance meter. The

cross-sea. distances weré_SdOm at Likon! and 470m at Kilifi.

Observatlons were canducted with - stations set up as ahown in
Figure 14 They aré ‘also shown schematlcally in Figure 15

where Statlon A is set up on one side of the :sea - and ‘Stations
B and 'C on the other sidg,-and vertlcal angie:measurements
were made by two pairs of simﬂltaineous-obsérvations between
A and B (and between A and C) and in the meantime  thelr

distances were measured.

B and C wefe about 10 meters apart on the same side and the
fclative height betweeﬁ them was measured by direct leveling.
Observation results with respect.tozAB and Ac were checked
and their closure errors were found to be 2mm and 3mm
respectively as shown in thé table below and their respective
mean values were adopted to represent the relative helights of

R9-47A — R9-48 and R10-33A ~ R10-34,

— 76 —



| Tr_igonomeir'i_ic Cross-sea L evelling

kilindini narbor

AR

\)

-R9-48

ol il L

NI

ki_lifi Creek

2
; H!—A =
A
3
R}0-33 .
C jo-34

Figure 14. Cross-sea Liveling
—_77 =



Figure 15. Schematic Configuration of
Cross-sea Leveling
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- Closure in Cross-sea leveling -

r

Distance

Relative

Closure stand for tolerance (= 50 mm /S

" distance in bmj.

— 79 —

Place and Section Closure
o SR height
kilindini Harbor m m m
R9-47A - R9-478 (Direct leveling) 7.00 }-0.148 [+0.002
RO-47B - R9-48 (Trigonometric 539.22 |-0.576 1(0.039)*
- L leveling) :
R9-48 . - R9-47A (- " ) (53B.54 [+0.726
Mean
+0.725
1Ki11fl Creek m m m
R10-33A - R10-33B {(Direct leveling)| 8.30 [-0.011 |[+0.003
R10-33B — R10-34 (Trigonometric
S : leveling) 470.72 |-0.676 |(0.033)*%
RI0-34 -~ R10-33A | " ) l4a69.06 |+0.684
Mean
+0.686
L . _— } o ) ]
* Note Figures enclosed by parentheses in the column of

5 being



3-6 Aerfal Triangulatlon :

3-6-1 Outline . __ _
Coordinates of the. pass points and tho control points to be
' used for plotting were measurod by a stereocomparﬁtor and by
block odjustment computatlons based on Independent modols
analytiool_:aofial’:trianqulation Qas executed o,"obtaln
orientation - elements as woll “as the coordinates -of pass

points.

According_to the Original'olan. adjustmohf.combotatioos wore
to be performed for the entire study area as one block. Eut
actually due to the delay in the aerial photography Schoduled
for the first_year and out of consideration for the plotting
and compilatioo work to follow, computations were made by
partly solltting up the study area. Tho _oroa coVered
accordingly was maoe ;to co;espond to thot of plotling
scheduled for the second Year as shown in Flo. 8. For the
remainder, compotations wore performed as the releVant aeriatl
photographs were made available, together with the rest of the
study area previously covered. (Total number of models being
757.) The results, though initially provisional, fully met

the purpose of 1/50,000 topographic mapping.



(1) Speclfications

Photo scale

Number of courses

‘Nunmber of models

CéntrOI points

1:60,000 (Flight altitude above
ground : 5,300 m}

25 |

757

: Horizontal 88, elevation 434

Adjustment computations : Independent model method

{2}
Prickihg device
'SterGOCOmparator

Computer

{3) Aerial camera-

Aerlal camera

(PAT M 43 Programj

Major insiruments used

PUG 4 (Wild)
Stecometer (Zeliss Jena)

FACOM-M340 (Fujitsu)

Wild RC10
Focal length 88 m
[.ens 8.8 SAG 11

Distortions

B Radius 0 10 20 30 40 S0 60 70 80 90 100
Pistortion o -2 -3 -4 -4 -4 —4 -1 i 3_ 4
Radius  |110 120 130 140 145 Grade
Distortion 3

-1 0 0 &




3-6-2 Work Procedure

The work was carried out in the following procedures,

[fonfirmation of control points on photo

selection of pass polints and tle polinlts

[;icklng of above poanth

Readlng of photo coordinates of the
above po1nts and fiducial marks

Inner orientatlon

Computations of model coordinates
by relative orientation

on independent models

[Block ad justment computations based}

Computation of orlentation elements of
each model for plotting machine and
coordinates of pass polints and tie points




5—6;3 innéf_OrieﬁtafiQn
- The resfduais - of fidﬁcial marks weye transformed to tho
,coofdlnété SyStém'haViné.the center of photo projecti0n aS the
dfiq;a.:_and 'the ﬁeasured value of each fiducial mark was
: cbmpdfed by the Helmert's transformation.
The'étdndard deviat10ns and maximums of the residuals of the

tiducial marks are.as follows.

5D Maximum Remarks
13.3 ot 20.0 1 Tolerance by specifications
Max. 30 u

3-6-4 Relatlve Orientation
RelatiVG orientation was made using all the points contained
in thé models, and corrections were made for atmospheric

refraction.

3-6-5H Adjustment Computations
Ad justment computations Wwere performed uéing 'the PATM 413
Program, 'which 1is based oh the .1ndependent model method,
tak;ng the  entire study'.érea in one block, whereby the
horizonta} and vertical eioments were treated simultaneously.
In this process, the.polnts originally established for aerial
triangulation on the aeriai'photos for topographic mapping of
East Kenya but céverlng.the same area as for the present study
were transferred to the present photos and applied as control
points. There were 37 such points each for horizontal and
vertical. They are included In the control points 1listed

below.



_ Adjuétmént'cgmputatibns

 polnts.

were

‘made including all

the control

Standard devlatlons and maximum of control point reslduals and

tle point - discrepancies result;ng from aetlal

are

as follows.

Residuals of Contrél.PQihts

txiangulation

Number of - Residual of Residual of
"control control -control
Number of | peints points points.: - . o
courses &| - (planinetry) |{elevation} Remarks.
nodels — e . - -
Plani- |Eleva- sn |Maximum| SD  [Maximum
netry |[tion
49 courses| . 88 434 1.24m}4.11nm 0.41mf2.83m Specified
757 models (0,76 %) (0.52%)|tolerance
of flight
helght
ratio
Planimetry
1.4%
Elevation
1.4 9%,
Discrepancies of Pass and Tie Points
Planimetry Elevation _
—1 ‘Remarks
sSD Max imum Sh Max imum
0,49m 3.64m 0.27m 1.21n Specified tolerance of flight
(o.mm {0.22%)lheight ratio
Planinmetry 0.8%,
Elevation 0.8 %




3-7 Map Symbols

3-7-1 Map Symbols and thelr AppllcatIOns
East.”Afflca Specffiéations are basically applied as the
-ééandard'symbols for mapping in Kenya with some modifications
to suit the local conditlons.
fThé bfesent mapping 1s based on the map symbols ‘and their
:apﬁliéatioﬁs_as agreed bhetween Kenya and Japan {March 1981)
and applied for thé Topographic Mapping Project with for East
_kénya undertaken by JICA during 1975 to 1980 (1] with
exceptions of (13) and (22) below. Some of the major ones
include
(1) Roads:
To be based on the symbols applied to East Kenya
mapping by JICA.
(2)' Embankments, fences, revetments:
To be shown 1f they are longer than I cm on the map.
{3} Water pipelines, oil pipelings:
To be shown by solid }ines regardless of Wwhether they
are on the ground or underground. But not to be shown
if they are under the EOad. 011 pipelines are éhown
only on the compiled ménuscripts.
{4) Power lines, telephone lines: | _
All maln lines to bé éhoWh in principie.
{5) Elevated railwavys: :
To be shown if they have pillars by the symbol for
aelevated structures and, If not, by the symbol for

bridges.



16) é)ifs. cuts:
To belshown thqéé.fpr_QSO m or lonQGr énd”ﬁ m or higher.
{7} - Bench mafks: | | ”
To be.shown only whea confirmed in tﬁe fiéld. E{QVatIon.to
be .roﬁnded to. meter. and ‘figures to be followed up
with notation BM. | |
(8) Fish snares: .
To.befshoun only ifrthéy arc permanent.
(9} Principal point of photograph:.
The:oné used for plotfing to be shown' on thé map in three
figures {Ex._bﬂl)..
(10) Hydroplane airports:
To be shown when confirmed in the field.
(11) Rivers:
To bc.shown if they measure 5 mm or longer on the map in
principle and if they measure 1 cm or longer on the map
over the flat land. |
{12} Plantations:
To be shown with the initial letter of the plant name if
not specified.
(13) Wells, spriﬁgs. water holes, boreholes:
To be shown by new symbols.
(14) Airfields:
To be included in "Grass” if it is unpaved.
{i%3) Small buildings:
To be shown as around or squatre depending on their shape.
{16} Cemetery:

No symbol to be used but to be annotated with "Cem“.



{17)

Registered land:

'To‘bé shoﬂnfby boundaries and reference_numbers.

(18)

(19}

(20}

(21)

(22)

Boundafy of privato site:

Not to be shown.

Bridgés:'

To be'shéwn for-all bridges that are confirmed 1n.the field
regardless Oi:their'siies.

Raiiwa&: |

To be shown with level crossing indentified by LC.
Magnetic declination:

To bé shown by rounding to minute. The epoch shall be
Jan-. ‘1, '1991.

Administrative boundaries:

To be shown until]l sub-district boundary. To override the

sub-district boundary where they overlap with others.



3-8 Field Verification

3-8-1 outl&ne.

| Field: verlfication is conducted for on site verflcation of
aorial photo interpreted items and other items rolated ‘to tho
,symbols and other map representations Lequlred for topographlc
mapplng. with its flndings 1ncorporated 1nto the aerlal photos
and other related data to provide neoessary information for
'Dlottlng_and-compilatlon. , : - . |
With respect to the entire'stﬂdy.areatof.ZQ,éod km?, field
verification was carried out in two ohases.- lFiouréF}=

a. Second year 26,800 km? (area'covered by aerial

photography in first
" year)
b. Third year - 3,000 km? (area covered: by aerial
photography in second
yearj}

3-8-2 Plaoning_and Preparations

Prior to the fleid work in Kenya, reoonnaissoncé study was

made in Japan to collect followlng information to prepare for

the fjeid verification.

(1) Listing of data items that need to be provided by SK,
'based on.the'study of the symbols.

{2) Adjustment of tnconsistencles and questlions concerning
data and information made available.

(3) By aerial photo interpretatlon. complilatton of keys for
interpretation, identification of items that are diffi-
cult for interpretation, and determination of the range

and area to be covered by the field verification.



{4) - Preparation of twice enlarged aerial photos for use in

“the field.

3;3—3_ Items of Fleld Vorlflcation

The followlng ftems were surveyed and - VQrified in the fteld

accordlng to.the map symbols and their‘appllcatlon rules.

(1) COnfirmatipn.of reconnaissance study'ahd'préparariﬁﬁ‘of
keys fof’aériél pﬁoto fnterpretation. |

(2) Featuresathat are difficult to interpret from photos.

(3) Roads, rallways, buildings (including antiquities.
.rutns),.bipélinés, control points, special districts.
':riyers.=Vegetation. topography, and other items necessary

for application of the sympols,

(4) éollection of data and information on names necessary
for annotations, and their verifidatlon.

{?) Place names. This was done by SK counterparts. The survey
was conducted in a most efficient manner using old maps
With relevant names on and the Information on Geographic
Names. Starting with the examination of relevant names in
the old maps and other data, and making corrections as
necessary before proceeding to identifying new gecgraphical
names and other names thal require annbtation. the survey

Wwas carried out most efficiently.



348—4_'Ad3ustment-and Map Matching

(1) Adjustment

(2)

Field survey findings were incorporated onto the enlarged

~aerlal pﬁotos accdrdingxto the-s?mbols and_the WDfK pro-

¢cedure by taking plotting and compilation into considera-

tion.

"Matching

Due attention was péid.té the matching'of-thc shééts in the
study area.wiﬁh'thbée'ln the adjacent areas covered by the
existing maps so as to fuily.stUdy the edges of them.

As for such areas where matching wasidifflqul£ dueito
changes ovér years, ‘it was agreed wifh SK -that no attempt

should be made for artificial modifiéétlon_as long as there

was justification not to do so.



3-9 Sterso Plotting

3—9~I:Outiine

Based on the results of aerial triangulation and field verifi-
éqtibh; -LOpOgraphic features necessary for mapplng wWere
@easﬁred. 6nd  dé)ihcated by a plotting machine to produce
pidtted“maﬁUSCEipts. The plotting was done in the second and
‘third ?eérs ﬁlth'the areas covered in the respective years in
the sheel allocation map in Figure 8.

‘A block (executed in the second year) 11,47skm’ (15 sheots)

B block {executed in the third yeéar) 18,325km? {28 sheeis)

1-9-2 Specifications

Plotting scale : 1:50,000

Area : 29, 800km?

Number_of sheels : 43

Contour lines ' : Intermediate 20m, index line 260m,

halft intérval auxiliary line 10m

(on flat land)

Projection ' : UTM Progection

Neat line ) . 15" east west X 15' north south

Sheet allocation : Sheet numbers aﬁd.names as Showh.ln
Fig. 2... |

Map sheet material : (Materiél) Ground/topograbhic

features sheet 4'P01yester
base #500

Control polnt data sheeb -
Polyester base #300

(Size) 60cm X 80cm

— 9] .



3-9-3 Iastruments Employed _
'_Piotting'machine o StereoMplbtter:Afﬁ_(Wild)Q
' - Metrogrﬁph'(Zeissf. ete.

Coordinategraph ' : XP1100 {Daini-Selkosha)

_3—9—4fplottid§ of Contro1 Polnts
Neat 11nesp.”§rid ﬂ11neé. long1tude/tatitude llnés,“ control
poihts.'eXIS£1ng geodetic cbntrdl pblnts lbroVided by SK?;aS
well as pass pbiﬁts__and tie pblhps WGte_ plotted . by
coordlnétegraph; with plotting”errOrs not to exceed 0.23mm_on

the map.

3-9-5 Orientation
{1) Relative orientation was performed by using 6 pass points,
with residual parallaxX not to exceed 0.02 mm on the

contact film positives.

(2) Absclute orientation was made using pass point and tiq
point results from‘aerlal triangulatlon as well as control
peints {including prlckéd points), pricked bench marks,
hlth tolerances of 0.3 mm or less for planlmétry:on the

map and 5 m or léss for elevation.



3-9-6 Dotall Plotting

*(1;_Detali'pi0tt1ng involved measuremenf'and.dellnéation of
llinear *featurés;* such as roads, rivers, rallways, and
hauSing. Qegétﬁtion; contour lines, In thatIOrdér, based on’
the map SYmbol fule'as agreed between'the Téam and SK, and

on the field verified photos.

(2) The colors used for plotting are as follows.
Black': Double line roads, railways, buildings, other
linecar features, vegetation symbols.
"Red : Trails, indication symbols for specialized features,
enclosures, small obJjects, revetments.
- Green : Veégetation boundaries, garden paths.
Orange : Contour lines
Purple : Coast lines, rivers, lakes and ponds, fish nur-

series, salt fields, agquatic plants.

{3) Bﬁidlings were delineated truly in principle without
generalization but 1in concentrated areas such as urban
cities they were generalized to the extént not to affect

the opaqueness of lines.

(4) Contour lines were delineated in such a manner as to

maintalin accuracy and not to affect terrain features.



(5] with'"rQSpect' to the Tsavo National Park, steep slopes

cﬁltlvatéd'ﬁay up to the tep and dried up rivers, atten-

_tion was .paid so as to ropresenl most adequatély the

topographic and other gebgraphlc'features of the areas {n

- which they were located.

(6)

(7}

Shore iines'wére déliheated'as'they ﬁere_seen in the aerial

photos.

Control point data sheet.
~ control points were represented by the applicable symbols

with their names, numbers and elevations.

- Bench marks were .plotted at their locations by a plotting
machine with their ldentification numbeérs and heights
shown.

- Spot heights were measured two times and ﬁhelr mean

values were shown In meters.

— Measurements of spot helghts were taken at such places as
major mountalin tops, saddles; major intersections of
roads; knick points of slopes; points typical of ﬁhe
afea; bottdms of depression; and points necessary for

clarification of the topography.



3-10 Comptlation

3—10—1 0&£11né
Based 6ﬂ the plotted- ménuScrlpts. by incorporatiﬁg the
findingé of the .field veritication. and fhe research of
exlstinb' data;ﬁ.mép representatlﬂns were . compiled into the
comﬁilcd manuscfiptsr The arcea covered was the same as for

the plotted manuscripts. (See Fig. 8)

3-10-2 Specifications

Compilation scale : 1:50,000

Area _' : 29, BOOkM?

"Number of: sheets : 43

Neat lines : 15" % 15" {(UTM 37 ZONE)
Sheet

The following types of sheet wére used for the compila-
tion work. They were selected for their stable quality.
Compiled manuscripts ..++. Polyester base #3500
. Data maps:  ..... Ployester base #300
Plotting
Neat lines and control ﬁolnts were piotted by
coordinategraph. Errors wefe kept less than 0.3mm for a

neat line and less than 0.4 mm for a diagonal line.

__..9:)_



3 10 3 Compilatlon Work

(l}

The compiled manuscripts were prepared In accordance with
the map. symbols as agreed between the Team and SK In
order to’ maintaln the uniformity 0£ map representations, a

manual was prepared to ensure technjcal people lnvolved

'COmplyIWIth'the same work rulesg

(2}

{3)

{4)

(5)

Compilation ﬁas'made by'ihe 6§érlay‘method._fPléhimétfy-and
contour iines were compiled on  Lthe _Same sheet ﬁith
anndtatiohs ‘Separatély on the 'énhoiation'ishéét. " To
facilitate the subsequent work of scrlbing;'fouf:tfpgs of
data maps were séparafely preparedi 'the road -data : map.
Vegetatldn data map, water system data map, and the coﬁtrol

point data map.

Tick marks were entered on the neat lines at every 5" of

longitudes and latitudes and UTM grid ticks evéry 1 Km.

The sheet nhames and sheet numbers as applied are shown In

Fig. 2.

The color classlfications for . compiled manuscripts aré as

follous. ' ,

Black : Double line roads, railways, buildings, spot
heights, vegétatlcn'symbols, linear features,
contour figures.

Red : Trails, administrative boundaries, small objects,

enclosures, sub-symbols.

Green : Vegetation boundaries, parks,

-~ 0 -



~ Brown : Contour lines

g

quple : SeafShQros_and'rivers; lakes and other water systems,

3-10-4

(1)

(2)

(3)
{(4)
(5)

{6}
(71

(8}

fish thséries, salt fields.
Detalis
Administraitive boundaries and names were based on SK's

survey data.

All roads were represented by symbol roads.

Railway wWas shown by a double line along its center line

both for single track and double track lines.

Annotations for destinations were finalized at the time

of the field completion.

Generalization of villages was made according to the

symbols rule.

Dotted buildlngs were distributed to sult.their enViréhs.
Magnetic decliination was based on data provided by SK.
Ga; pipélines, power lines, and other ﬁipeiines could not

be interpreted on the aerial photographs and, therefore,

based on the data provided by SK.



(9)

(10)

{11}

for matching with existling map sheets, the reproduced maps
pfoVided_by'SK were referfed to. For matching among newly
prepared map  sheets, 'polyés;er'-base_ duplicate maps were.

uSed.

Annotations were com§i1ed on a se?arate sheet. Lettering
sizes, Spacing;'style; and'positiohindfwéfe_éet by.phdté—
composer és specified. . But with-resbedt"thé léttér;types
that were not;avéilablé ln.Japan;-other:approphlate,types

were chosen by consulting with SK. (See 3—12—1, {2)-4)) -

The following fddr types of data sheelb  were produced Lo
facilitate the subseQuént'work process.
a) Road data shect
Roads were élassified by colors as follows
—~ All weather road with paved surface
Red color penéiled solid line
- All weather road with soft surface
Green color penciled solid line
- Dry weather road

Yellow color penciled solid line

b) Vegetation data sheet
With respect_fo such vegetation classifications as
forests, bushes,.plahtations that require mask sheets;
vegetation data sheet were prepared by representing the
vaegetation on.Ehe dia posltlve of comipled manuscripts

{polyester base), as classifled by colors as follows.



ey

Forest : Green  Trees along rivers

gush . Blue Swamp with mangrove

‘Bamboo : Yollow Swamp with trees

Plantation : Orango . Swamp with papyrus

:waiér system data sheet

Pink
Pufple
Brown

Red

‘With respéct to those features that reguire mask sheets

 such-as rivers, lakes, seas, data sheets similar to the

d}

control point data sheet

-~ vegetation data sheets were prepared in blue color.

ceodetic control points, bench marks and spot heights

waere represented.



3-11 Fleld Completion

3-11-1 Outline

- The fleld completion tpvolved field suzvey and veriflcaiton o[

important features such as topography, ground features,

geographical names,  that were shown in the-;fcompxléd
manugcfipts andgthe'data'shegts. as wcil'as clarification of
the questlons-'raised“ in - the course of plottihg‘ and

compilation Significant changes that took place after aerial

photography were also sutveyed in the fleld at this tlme

3«11"2 Implementation
{l) The work was shared hefWeen the Team englineers and SK

Counterparts the former finaiiZing topography and
planimetric features and the latter confirming annotations

on the annotation sheet and conducting hearing surveys.

(2) Annotaitons were confirmed at District Offices, Chiefs
Offices, schools and other public institutlions first.

Local residents were also asked for assistantce on clarifi-

cation of questions.

(3) Field completion proceeded most efficiently thanks to the

cooperation of locél SK offices as well as of ‘local

resldents}
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(4) Preparation of-admiﬁlétfative'ngmes,:aﬁd administrative/ :
cadastral boundarles to be shown on the complled manus-
cripts wWere-assigned to the SK ‘team formed-speciflcally for

this purpdse;

3-1 143 Ad Justment |
'Bdséd' on the data and findings resulting _from .the fiéld
: cdmbletioh; the compiled - manuscripts ~ were checked and
.corrected.- to be:.made' into the: original manuscript. -Data
shgeis genérated‘for drafting and.printlhg werehafso-checked
and “corrected _sfmilarly. pata .sheets created for the
rébfodUCtion process were the road data sheet. vegetatidn data

sheet, and water system data sheet.
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