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ABSTRACT
The effectlve application of satellite re-_
mote sensing data as general data base
for national development of resources
started if the'developed countries after
the launching of the ERTS series {now
Landsat series) in the early 1970s.
The paper highlights possible areas
where such data could be applied for
the optlmum utilisation of both renew-

able and hon- renewable natural resources

in Chana. A case study of the pract:-
cal application of remote sensing data in
the fields of geology, hydrology and
forestry is made to illustrate the immense
potential of this new tool for the coliec-
tion of data for national development.

Keywords: remote 'eensing, imagery, _
Landsat, Salyut, SPOT, desertification,
reaforestation.

INTRODUCTION

Dur‘mc: the earlv dave of space exp!o-
ration it was the U S. A and U.5.5.R

which had the exclusive use of data col- B

lected by spacecrafts sent up by
their respective governmentai agencies,
However, after the successful faunching
cf the American Landsat and the Soviet
Saiyut programmes in the early 1970's,.
enormous amount of information became
available for both experimentation and
later appiication in varicus figlds.
Since then the use of remote sensing
methods of collectmg data has. become
at so¢io-economic and
technicol amanremnrt of both developed
and deveioping countries. Satellite ima-
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gery has been utllrsed in the detection
and momtormg of natural and artificial .:
phenomena which before then was. rmpos-'
sible. = With the launching of SPOT, and-.
LANDSAT D, better information: {both.
quantitative and ‘qualitative} .is generallyr
received. about -the earth than- _before.
Unfortunately most developing, countries |
tn Africa including Ghana are not: :making- -
use of this technologically advanced '
methods of collecting data for' nat:onal
development. e
Sectors of the. nat:onal economy where
remota sensing .data. could be of - para- 2
mount necessity. include the following:..

i, Agriculturée:' the monitoring of - :
stress.affecting growth and ‘han_f'- 'i-“
vestlng of agrlcultural produée

T LT
ii.  Ferestry : the monltormg of, boun-
daries and qual:ty of dlfferent' _u

.....

i Non-renewable’ Natural Resodrces
the detection ‘and momtormg of
geological and geomorphologtcal
features ' A

v, Water Resourses the detection and )
monitoring of hydrologlcal elements

V.~ Environmental Protection: the mom--
toring of envlronn‘uenta’l changes Lo
vi. Mappmg “the monltormg and’ eva-' _,;-;;',
tuation of landuse pattern and: '
their mapplng on, medium and
small scales. e

ACRICULTURE

The maximisation of agracu:tural pr'o--'-.--
duce in any develop[ng countny-is; crus
cial to-the provision. of adequate basic’ -
stappies to its:people,. Ta be:able to.
increase agricultural produce, old and
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new technologies must be combined since
thé old teéchnologies were incapable of
the task and the new technologies are
too expensive for countries like Ghana.
Agriculture in Ghana.ig difficient in
thetsupply GSfregsgntl; ledetailed; meteo- . |
rolidgical and i:l’i'mg“tf data’ Thede data
could be supplied with the use of wea-
they satelljtes like Meteosat with a high..
probabilify. of accliFady {4 "For example-
the farmers shduld. know when to plough,

pladf, g, jwhen t@’.iba;‘r@“§§§;d»9h9ndi.ng,,-or1"- iSary. action taken to remedy the situation.

the meteorologicat conditions prevailing

atgasitimesgy £y kg v g3
Monitoring”of small farm holdings as
in theikase ofs the i farmers in'most de-*
velopingitountries has been'very diffi- -
cultowith ‘the Landsat “imagery. How-
everiitit'id‘expected 'to -improve consi-
derablynWith: the: SPOT “irhgery- since -
the'ground resolutith’isrbettersand:
since itprovides thepossibility for
stereo:vision!:‘Farmers could: be
advised o switch “from’ miked’ faiFming to
mono farming to better::beriefit from this

new techriquessindetitizgives better spec-

tral registration of parcels. '

Remote sensingadéhiigues icould be
used to:monitor.the 'belaviour of crops™
grown "on+pldntations FHem the ‘early .
stages of.their growth. till the hanvest-
ing.time., . Through. this. the yield poten-
tial coyld, be estimated, for the season
and any stress could be detected and
necessary actionitaien’ The technique
Will"tR&s be’ suitabléor areas like the -
Brong Ahafo., NorthékFn and’ the’Greater
Accra.regionscawhere. the, land is basic-
ally low lying.and plantation farming in
cropsyJike.maize, -rice and yams have
been in existence over a long period.
Maize estimation based on remotely sensed
dath’ coddircted by 'Pedel in Kenya during
1984 Produced highly ‘appréciable results.
The; estimate of.yield, obtained. from this
experiment,compared; favaurably with

Kenya's Ministry of ‘Agriculture and Live-

stock (¥épartment's’ projections foF ‘the
year. “It" wa$ found out ‘that sampling
which ndFmally " took ' five ‘weeks 10 com-
plete using ground methods took only one
day using remote-sensing techniques. .

Remotely; sensed data have the poten~
tial “inicimproving tlivestock keeping -in the
country: especially in' the northern areas
of Chana. -During-each ‘year information
on possiblegrazing areas and usable

E #
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water bodies will go a long way to assist

livestock keepers to properly plan the

movement of their animals, rather tharel,

move them southward even though thgpe=

might be areas in their regions with #

“equally good grazing pastures. Vgt
In the tropics often a limitation to

‘-agriculture productivity has been-soil~ -

} ercsion. _Sat_e_‘lll_it_.e,___.imag:ery coufl"be. used
1o provide 3’ syndptic’ picture of how se-
Ylous erosional activities are and neces-

The tocation and destruction of locust
and certain wild grasshoppers hasybesn . 9
a major world agricultural problem. for-,., .
some time now. .The problem of detec-.
tion of habitat has almast been solved
through the use of the multistage analy-
sis using remote sensing technigques. *t.-

Landsat imagery has successfully, . S
been used in the detection of desert. ...
locust by Pedglay in Saudi Arabia. Lhe . .
Food and Agriculturatl Organisation pas.. ..
used Landsat {magery in mapping out
iocust habitat in MNorthwest Africa ...,
(Morocco, Mali.. Algeria. Tunisia,and,. . ;
Libya), East, Asia, ladia and Pakistan,.,., .,
and has made plans for mapping .in: West .
and East Africa as well as the Negar., .. ..
East. = Ghana's agriculture could benefit
from such an exercise since wild grass ..,
hoppers are destroying crops in thig . . ¢
country, T

H L
i R I

VEGETATION '~ = = 7 e
Currently, Africa is experiencing its .
worse draught situation for some. time-How:
Vegetation types, quality and qdapti't'y_l_"has
suddenly become very important paramefers
in the world energy balance. Countries.
especially in the Sahel region have wit+. .
nessed their one time rich vegetation turn
into woodland savannah. semi desert and
desert. The rate at which this desertifi-
cation problem is growing is so alarming’ "
that scientists all:gVer the world are 777
working hard to finding lasting solutjori®™"
to it 7 AR T
The causes leading to this situation ' '
are well known and include overgrazing
by livestock, certain farming practices,
the indiscriminate felling of trees by’ tr“"'i...
ber contractors far short teim gaing and "~
natural disaster like bush fires etc. "
Remotely sensed data from orbiting
satellites could be utilised for the mapping

i
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of boundaries of the .vegetation zones at
any one time. This could provide__ar_fl.
effective and dynamic tool for assessing
the ¥ite of ‘desertification in the northern
regioi’ of Ghana. A acturate mensura-
tion . §f the Bréas of cocoa farms, forests)
forestrésérvids and’other cash crops:da~
maged: duririg-the 1983 bush fires in Ghana
is afi'importahit” paramieter for future“policy
making in these sectbrs. " This colld be
achieved through the use of Remote Sen-
sing Techniques [(both aerial 'and satellite
imagery ). Tha: author's ‘experience shows
that dreds of forest reserves damaged. . -
could be' determined through the use of.
Landsatiimageey.: By comparing imagery
of the ‘area before and after thé -damage -
had happened. the extent of the damage -
could bB#*assessedand. ‘quick decision . <t
taken a5 to:the appropriate reaforestation
remedies nécessary. Work done in Niger- .
by: MacLeod (USAJ concerning desertifi- . -
cation’ using Landsat imagery showed that
it is"a”very limportant toot for menitoring -~
boundaries of vegetational zones due to

the -igng ‘period of ‘Hraught in that cotin=
try. Both aerial and 'satellite 'imagery
have been successfully used in Nigeria,

Bolivia, Brazil to name.only:d’ few in the
third wonid..,Remote. Sensing techniques:

have,been .used, to, spot. bush. fires in a
numbey, of ountuies including the, U.S.A. -
and Augtralia rscently.. . co o

GEOLOGICAL EXPLORATION R
Satellite imagery has been. known:to
be applicable for:

i. mapping, of..regional and tocal; fracture
systems that. control ore deposits:

ii. detection. of surface alternatjon effacts. .
associated with ore-deposits and gene-
raily. providing basic. data for-geola- ...

- gical mapping[1] L

Ghana-is a mineral rich country with
many of -its ores not mapped out. So
with 'the aid of satellite imagery most of
these ores 'could be explored. Landsat
imagery has been used in a number of
developing countries for ths exploration
of ore. * Notable examples include the
copper' prospééting in Pakistan, explora--
tion for oil in eastern Kenya, gold dis-
trict mapping in the Philipines and the
oil*exploration in Quantamala [2].
‘A*'Seminar sponsoréd by the UN on
Remote Sensing Applications for develop-

OF REMOTE SENSING DATA IN THE NATTONAL DEVELOPMENT (GHANA),

SWATER, RESOURC ESwAND.

W4T

B PRTELTN: ¢ T

: : DY Wl ot Lealeaatlo 11 !’.'N::‘
N . R - f . ) DL - i 3
Ing-countries in 1977 -made a number: of s

important: recommendatigns swhich rgottorons
support the use of .remotely: sensed, data .
in this field,.. The delegates :affirmed: s
the appli_catio_n_;__of;;remq_tgq,s_en-sin_g,':fol";'ollg:';rfa
prospecting and.:geology by tméans ‘ofsiw '
structural ; featur;e;s_{.q'wbieh;\:ar;eg;sign'iﬁ-..:.;t;.,;&-,
cant with srespecttoytheslogatisations ofcmis
mineral .and: energymeselircessand, thexd 50
tocation of..seismic; activity i It :was alsevdn
accepted that Landsat; MSSsicamrbies isedim -
for .mapping; roclg-typesi: geochéticalzga§i 1
anomalies -to ‘the .occurrence of.mineral i i
deposits of various.types: yhsui o i
: .‘. r:\i.-..- r\ijili.‘ls
+ o bluons
LAND-USE_:EAI:I@RNS}_."-L":‘; i eininw gaihia
- The pravision d6drinkinguwster o
the wholetwor|d' gopulatidw has bsen orie >
of .the major undertakings by theh WN, 51T
In Ghara, the Mihistry "Fesponsible fois 26w
water resources iswonsiderifig 'drilling 5ns
bore holes in communitieswithotthaccess i
to pipe born: waterivIRemots bengihg 1971ad
data could help 'in the.identifitationdtfyitoe
aquifers. through! .geofogical' mappirgriao i sue
Surface drainagetis:easily!issessed-tisingw
Landsat imagery . o Landsalimagery:ist 9xei
very usekul:in.mapging out: largeitwdter it
bedies  and;:could be..-.'ms'eﬂii‘in;‘?nfoﬁiftoﬁifigﬁlﬁ:ﬁ? -
the surface-area:ofgthertakds: Voltd feomd
and Bosomtwi. over: thedry @andt -'Wet_f;‘_._séﬁ-_"'af..‘i :

: T
UomHusigs lows

sons by ekxaminingsthé:shove: lingi bhatiges,
that may occur:+:Sateiljte imageryr.couldasd
prove very:-useful inimonitoring periodic7}
cal flooding and fiow ofsiriversi-and Salbesselt
which cause a lot of fdestriction i the ?oms
country. o iz el sl o Uity talLios
The applicatiorn: ofi'satelite {imAdeiry ito
for dand-tisé: mapping jhdss dirkadyoBesd: 5 A
proved-to.be veryruseful:to. prafiners bn 7T -
the large towns and: cities josgnestaltvieg o
Accra and. Kumagi, o 7 woisd et ol o

: CEmE R
ENVIRONMENTAL P,RP:._E,-ECIJ,OH TNV
in recent years the. voice.of, the ;envi-
ronmentalist has been heard, by thosesyc
who care everywhere. _ This is especially
louder in the developed than in the de-.
veloping countries, ' Wherevel they ‘may
be the message in all cases isthe “gamet '
the parameters of the environment:must?
be protected to ensura itg-baldnce now '
and in the future. {n Ghana there .are -
two organisations  wheh are concerned with

the protection of the environment namely,
the Environmental Protection Council
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and the Ecofogical Society. The manage-
ment of “ecological -systems which give
protection to the habitat of ‘wiid life
would -greatty be improved if remote sen-
sing data is used. This method would
ensure-that .information' is ‘updated.

With: the aid of meteorological satellites
data ‘on- the levels: of pollutants in the
atmosphere could.be estimated. It woulid
be both economically :and socially better
now:to tackle the pollution problem very
seriously -than ‘to wait until they approach
European and North American levels be-
fore spending huge amounts of money to
clean an aiready destréyed atmosphere.
With the use of satellite imagery. it
should be possible ‘to map out towns and
cities which are most polfuted [3]. e
* Water. pollution..is another sector where

. remote sensing ' data could be helpfui.
The quantities of industrial and domestic
wastes:being, driven into the sea. rivers
and lakes in the country.are fast increa- -
sing..- Thereis therefore the need for a
better method of monitoring such :
activities with the.aim to preventing
eutrophjcation. of the.country's fresh-
water: bodies.,...The case of the Volta
lake “is: particularly important. the quan-
tities -of .algae, mud and other waste
materjals at.any. time must be accurately
Known since it is.an .important parameter
in the:country's \energy equation.

- Recently. a regional. committee has
been: formed . to look:into methods and
techniques of overcoming erosion. along
the West African. coastline. This is
another. sector where Remote Sensing
could play an important role since as
early as. 1977, -the. U.N Seminar on
Remote-Sensing had approved of its use.
The . detegates.at that Seminar [4] had
agreed: that-remote. sensing data could
be used for’the following oceanographic
appfications, '

i.  Analysis of 'coastal “dynamics, ie. sho-
- “relinechangés; - nearshore current

., patterns, directions and relative den-

Csities.. - oo L -

1 Im'\p’frdyé'_rnEn:t_,_'.ih the mapping of shal-

- low waters.

iii.Monitoring. of on-shore environmental
changes_ (ingcluding. land use). '

iv. Mapping of the distribution of oil on
v water {using reflectance properties)

.ili, i

3

v. Providing improved small scale maps
(1:2 000 000) of some’ near shore™ - :
areas. :

A particular place in Ghana where marine
remote sensing data could be very appli-
cable wouid be the Keta district where
sea erosion 18 a problem. The use of
Landsat imagery for marine application
has been demonstrated in several couns
tries including Philippines.

JCARTOGRAPHY

In most developing countries the -
availability of maps is a problem. With .
Satellite imagery cartographic -maps . .
could be compiled within a short. time. ..
Cartographic maps.of 1: 250.000 and
smafler scales have beeri made through ..
the use of Landsat imagery. Landsat ..
and Salyut imagery is very useful in the. :
revision of old cartographic maps as well. .
as making new thematic maps for the dif-
ferent disciplines. {eg. forestry, water .
resources, highway, urban. studies etc),
With the launching of SPOT, it is now .
possible to assemble maps on Ghana to
about 1: 50 000 .or larger scales.

EQUIPMENT AND COST

In discussing the cost invoived in ..
the application of remotely sensed data.
the following cost elements should be
taken into consideration among others:

i. the cost of data acquisition L
it. data processing and dissemination

T TR

iii. the establishment of ground contrdls

[geodetic) and cartographic printing:

The cost of data acquisition here’ }
excludes the cost of the faunching and °
operation of the platforms involved-but
includes ‘the purchase -of either CCTS
(Computer Compatible Tapesjor filin based
products. The cost of one CCT is cur=.: -
rently between $1000 - $5000 ({platform -
dependant!. Data could also be acyuired
on film either black and white or colour. .
The acquisition of the CCTs implies the
establishment of a mainframe computer
set up, hence the purchase and instal-
ment of an appropriate computer system .
capable of handling the volume of data
envisaged on the national level. The
cost of data processing includes the cost.
of computer processing of electro-~optical
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transmutted ;ata o‘;wtmhq;a-dupllcatmn of  section of the forest reserves of HE
film products. The cost of establishing Brong Ahafo and Ashanti regions -

geodetic ground controls would be similar {between Lat. 6°30° -~ 8900’N and Long.

to that of the conventional land surveying 1030' - 3%00'W). It is 2 1973, November
- -'lThe .same: can be sald about Landsat cover‘age_, anure 2 shows the

rétation

in:m'l fnapptng usmg aerial ; photo- '
: .*;'J' @

namely theﬁ-Cq! is’
,"f_ allbrat.lon and instruments Antiaris Chlor‘oﬁn‘
flux, MSPUC:" Interpreterscope ¥
st t‘.eoscopes etc. for 'the inter~ -

of the data recewed There A I__reflectan €
*'ate within’t

) tgn‘y for th de'velopment and pr‘m-‘: o
13 oth photogr'aphic and map pro-'_

mto.--'twd main ‘groups, that is,

(;expenditure,-which include items " remains ; vm’V liitle wrgln forest'-*rl&ft

{ operational. computer system, - in 3 region considered to- ‘be one of
ments for calibration, interpreta- - : . coi

printing. The second category
beﬁrecurrent expenditure for cost

¢, the maintenance of the various .
q'u:pment*lnstalled, the: purchase:’ |
Cfilnf products and ‘the general
' cost__mvolved in the general running of .
the' famhty ‘In view of the above and

¥ “tion. ;
' The f-rst ob'

L Withi] nowledge of .current prices, the
; coktrinvolved in _establishing a national -~
- remoteé sensing facility would be in the ~—~ and reaforestatmg \?er‘y urge

'__m.de., of $0 Sm - $1m forest ‘nature of .the vegetati
_ S least to- be maintained. . A fiefd

: o - cation trip' coupled:wjl

CASE STUDY : A . forest data. :£oriflimedy g

{0 ilfustr g practlcally how : satelllte L nat 3

magés. may:beé used in' the. various fietds <~ "

asThas alreddy besniéxplained in the "',:_-Hydro'
prewous paragraphs, a cese study deal-
ing with hydrology, geoiogy and vegeta- the thematic maps of the area under
tion was undertaken. A visual interpre- study. [t is a Landsat coverage
tatlon Of three Landsat (Biack and Whlte] __[90 30- - 100 30| (‘j 20 300 - 30 30"\”
images of the same scale (1: 1000 000] N 2

was made and three thematlc maps. pra-
pared accordmgly

besé ¥ 4
9y e , oA
F:jme--, 4 and 3 show the image and’

of partly n h-western part of Ghana
. dlong the middle section of the Black

. Volta.and partly some territory of lvory
. Coast.  Almast all the major hydrologi-
Vegetatlf)n: o cal elements could be. defineated. The
- The.image_in Figure 1 represents a region .could be said. to be. very. well ___.
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FIG,1 LANDSAT IMAGERY SHOWING THE FIRST STUDY AREA '
hali [The Regular Darker Tones show the Forest Reserve

I
I
I
i i A Boundaries. The White pstches depicts clouds cever.
ool Ml . ' Scale 1: 1000 000}

i L
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'-THEMATIC M;\P MADE FROM THE LANDSAT' COVERAG
IN FIGURE 1 SHWOING THE BOUNDARIES OF THE
-. FOREST" RESERVES IN THE STUDY AREA (Scéle

8°00'f

7’ 30

.FIG.3:"

‘A REFERENCE FOREST RESERVES
MAP OF THE FIRST STUDY AREA
(SCALE 1: 2000 000)

¢

7° 00

60 30; e X f""'} 60 30‘ i “ i e e A 4 e e——
3° 00 2° 3¢’ 2°00' 1 30'
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YauTe T2813 3H1

000 GOOS :f 3440 .
FIG 4: LANDSAT COVERAGE OF THE SECOND STUDY AREA

(This Shows some parts of Ghana and Ivory Coast A
Scale 1: 1000 000}
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SN S
FIG.5 A THEMATIC MAP SHOWING THE DRAINAGE FATTEHHE 'EIF
THE SECOND STUDY AREA (Scale 1: 1000 000)
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