NFORMATION

\ USE MONITORING BY SPACE REMOTE SENSING AND FOOD
LA JES IN DEVELOPING COUNTRIES

Advances in satellite remote sensing du.ring the last twenty-two years have
greatly increased our capacities .for. mapping, assegsment and monitoring of
?he earth natural resources. ThlS. is Partlcularly 1mp.ortant for developmg
countries, whose economies are primarily based on agriculture, forestry, fish-
eries and mineral resources. Rational planning of their faster economic de-
velopment has to be based on realistic baseline data. Yet, in most developing
countries the inventories of natural resources have not kept pace with modern
management Tequirements and are often incomplete or out of date. The go-
yernment agencies responsible for development and management of natural
resources do not have the capacities to complete and maintain these invento:
ries by traditional, ground-based surveys at the level and within the timeframe
required by economic planners and resource managers.

Satellite remote sensing provides a possibility to significantly speed up
mapping of natural resources and to establish an efficient system for moni-
toring of their changes. Resource managers are now able to monitor changes
in vegetation cover and land use patterns over large areas, using data recorded
by remote sensing systems from the space platforms. Acquisition of remote
sensing data is not hindered by remoteness of the area nor by its difficult
accessibility. Not surprisingly, the developing countries early understood the
importance of remote sensing for management of their natural resources and
became interested in the development of application techniques appropriate
for their conditions and needs. Yet the progress of operational remote sensing
applications in developing countries has been slower than expected. This was
partly caused by underestimating time and effort required for a successful
transfer of remote sensing technology. Furthermore, it was soon discovered
tf}lllzlitEiltlhe Potent.ial of remote sensing in natural resource inventories is best

ed when its data are integrated with other available relevant data, such

a o o . : . e .
$ topographic, climatic, soils, demographic, etc., in a geographic information
System (GIS).

F
00D ISSUES AND FOOD SECURITY

ge:::/:tmn the next 35 years, that is during the life span of the majority of this
ation, the world population will increase by 50%, from about 6 billion
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in 1995 to about 9 billion in 2030. After reaching this level, it is expected
that population growth will slow down to a sustainable rate. Hence, during
the next 35 years food production will have to be increased to unprecedented
levels and yet the quality of the natural environment will have to be safe-
guarded for mankind to survive.

Such an increase of food production cannot be achieved in all regions
where it will be needed. While increases of food production have been ex-
ceeding population growth at the global level, many developing countries
have already experienced severe food shortages. In Africa, population growth
has already outpaced the increase in food production by 5% during the last
ten years. Food security is further threatened by continuing decrease of the
area of cultivated land per capita combined with soil degradation and finite
water supplies. Mankind has never faced a task of this magnitude because
there has never been such an increase of population in real terms in such
a short period of time. Yet, attainment of the goal of assuring adequate food
supplies for a growing world population is possible even during the coming
critical period through wise applications of new scientific developments and
technologies combined with well focused international cooperation.

While the introduction of new scientific developments and technologies
are essential requirements for a steady increase of food production, this has
to be achieved in the framework of sustainable management of natural re-
sources and environmental protection. Otherwise, the benefits would be
short-lived and the global food security situation would be further aggravated.

ROLE OF REMOTE SENSING AND GIS

New information technologies of remote sensing and geographic informa-
tion systems will play an important role in the fulfillment of this task. Ra-
tional planning of new strategies for reaching the goal of assuring adequate
food supplies worldwide has to be based on reliable and timely information
on present state of land and water resources, current land use and land use
potential. In the course of the last twenty-two years, satellite remote sensing
has become one of the most efficient data source for information on natural
resources and environment over large areas. When remote sensing data ac-
quisition and analysis are combined with GIS processing capabilities, then
the decision makers responsible for food security, natural disasters mitigation,
natural resources management and environmental protection have at their
disposal a comprehensive, dedicated computer-based system for processing,
storage, integration and analysis of all types of geographic data. Its output
products are tailored to particular applications and defined Jjointly with end
users. They can be in the form of thematic maps, statistics and mathematical
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5 o s
models for harvest prediction, assessment of trepds, Esks, s:lt;nbﬂ;t}z/,;tsctems
i ter technologies, the cost of su !
a result of advancement in comput ‘ oms
is continually decreasing while their performance and thus the range of
applications are increasing. o ‘ . <
ppSeveral practical examples on the application of ren(”ilot.e sensiln%eagr:iafi}on
itori f land use, land degradation an
to assessment and monitoring o ' .
areas ted in this paper. These example :
cover over large areas are presen S e St
’ i t the Canada Centre for Remo s
from the author’s experience at th :
(CCRS), which is a part of Geomatics Canada, a sector of the. Fe.deralfl?}el:e
artment of Natural Resources; the Food and Agrlcglture Orggmzatlon 0 the
%nited Nations (FAO); the United Nations Economlc and Social Commlst51 "
for Asia and the Pacific (ESCAP) and the International Bank for Reconstru
tion and Development (World Bank).

CANADIAN EXAMPLES

A major Canadian initiative, which will have a.significant impact on fglo-
bal land use and vegetation cover monitoring,. is the d_evelopment 0 a:g
operational, applications-oriented earth observathn satellllte,d R;(}ilarsda;t\,]e\ivolp_

i SAR) as its remote sensing payload. The
e ot i i tal SAR earth resources sa-
t of Radarsat follows a series of experimenta
:I;lelli]tes launched by the USA (Seasat), former USS.R‘ (Almz:}zl), éI:REZﬁoaee:z:ln
J-ERS). In addition to the -wea-
Space Agency (E-ERS) and Japan (. : , St
1 i lity of the earth’s surface, Ra i
ther, day and night recording capabl_ ' N
’ itori Its onboard SAR data recorders w
have a truly global monitoring capacity. : .
rr?;/ke Raersgat data recording and storage independent of foreign ground
receiving stations. -

In ordger to shorten the usual time-lag between the gvallablhty of new typef

of remote sensing data and their operational application, CChRSl, 1;;32?:;;
i i i initi tory technolo
th the private sector, has initiated a preparator, !
tlro(?grv:l/;n Glolg)eSAR, for early and effective application of ,Radarsat SAR
gata. Glc;beSAR is a successor to the European Space Agency s SAR Ef(piill;
ment (SAREX 92), executed with the CCRS ConvalrbS;%gl{adar resea]ed
i ; ica i 2. The Globe program,
aircraft in Central and South America in 199 .
t;lrcédCRS with major funding from the Canadian Space Agency (CS{X){) the
Ir?ternatio;al Development Research Centre' (IDRC.)3 and CCRS,‘ ‘has teieli
assisting users from participating countries in acqum(l;g thesni;{es(;atrif tech-

olo i icati f Radarsat ate

] and skills to be ready for applxcat.lons of R ; When
Itlt?e;)gb}s;come available in 1995. The following countries have bec?n participat
ing in the GlobeSAR program: China, Jordan, Kenya, Malaysia, Morocco,
Tanzania, Thailand, Tunisia, Uganda and Vietnam.
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Other Canadian examples include the interactive, digital ¢
encyclopedia, GEOSCOPE, which was jointly develc;pezio]kz;l géolsjglailziagge
nadian industry with funding from CSA in the context of the Internalion?\i
1Space Year 1992. GEOSCQPE integrates geographically referenced data re-
ated_to global change (existing maps, image data from earth observati
satelllt.es, socio-economic data) and provides a user-friendly workqthtioc lfon
data display and analysis. A follow-on Canadian initiative based‘o‘n C?E(())l
SCOPE technology, is the development of an electronic atlas for Agend 21-
(Elada.Zl). Agenda 21 contains wide-ranging recommendations '1dco t gb
Fhe Um.tec.i Nations Conference on Environment and De\/clopmen;(UpNeCEDy
in ‘Brazﬂ in 1992. It is a large document which is difficult to use as a hs d)
reference. Elz}da 21, in its first phase, will provide a digital databaﬂe( f]%nlhy
Agenda 21' b}()diVCrSily chapter to make its text, select:d backor(n;nd ate.
1‘1al§ .and information on new related developments readily :;:ccessibllnai)c_
degsxonv mgkers through their desk-top computers. It will facilitate imA)I c e
tation Qf blodiversity case studies and thus contribute to better underqi L::ln'cn‘
appreciation and protection of biodiversity. Elada 21 isrbeinq devc]()zlnedlnbg’
CCRS in cooperation with the private sector and funded byVIDRC Sl‘jev }]/
international and national institutions are participating in this projcc;t o

FAO EXAMPLES

FAO cxa.mples consist of three projects designed to monitor environmental
con@1[10ns in Africa and to assess their effects on food security. a demd>
project designed to produce baseline geographic informatiorn on c}Llll'r‘ent l'Omi
use and vegetation cover of the whole African continent. o

The first project, the Africa Real Time Environmental Monitoring | f
mation System (ARTEMIS), was a result of close cooperation bctwbe . (I)r
FAQ Remote Sensing Centre, the National Aerospace Laboratory of t} )ell\; iy
crl.zmds (NLR), the Earth Resources Branch of the NASA C(})/dd'l‘ﬂ;S Cl!*]_
thhECemre, USA, and the Meteorological Department o‘f Rmdincqu Pafe
sity, England. ARTEMIS has pioneered the use of image data I'mmae ’?}4“«“
mcnt*ﬂ satellites, the geostationary Meteosat and poiaf—orbilinu VNO/‘]:;;”O‘H_‘
opere}gonal monitoring of precipitation and vegetation cover mjor Ihi l f”/'
‘01' A‘I rica. Resulting assessments, distributed inkdigital and paper ma i “’/3(-)]?
in Ig)—day and monthly intervals, are used by the FLAO Early W'ﬁ‘mijg ;1’"”?%5
on lﬂ()()d‘Securily and the regional and national food securilyLC'\rl Y "}-ﬂ'u”
systems in Africa. R
Ke;l;'wo'rcglﬁnall I?]‘AO‘L@:MS’ for Eastern aAnq .S()ulhfz]ﬁ Africa, located in Nairobi,

ya and Harare, Zimbabwe, were initiated jointly by FAO and Japan t
develop regional capacities for the use of remote sensing inputs in 1‘(6102(?11'1(])

& G S d

72 2
SCIENTIA AGRICULTURAE BOHEMICA, 26, 1995 (1): 69-75

and national food security early warning systems. Both projects closely co-
operate with ARTEMIS and significantly contribute to strengthening of Af-
rican capacities for the use of remote sensing for forecasting of agricultural
drought and identifying areas with high risk of desert locust infestations.
FAO is starting to implement a new project, AFRICOVER, for production
of a digital geographic database and associated thematic map of land use and
vegetation cover of the whole African continent. The first phase of the AFRI-
COVER project is funded by Italy and will be implemented in East Africa.
The map of the whole continent will be produced at scales 1 : 250 000 and
1 - 1 million. The overall project objective is to provide the African decision-
_makers, United Nations agencies and international development organiza-
tions with reliable information about the current land use and vegetation
cover. An equally important objective is to strengthen capacities of African
organizations for maintaining such a geographic database, monitoring of land
use and vegetation cover changes and for using the AFRICOVER database
as a reference for development of more detailed, national land use and vege-

tation cover databases.

ESCAP EXAMPLE

In 1979 ESCAP, with funding assistance from the United Nations Deve-
lopment Program (UNDP), started formulation of a Regional Remote Sensing
Program for Asia and the Pacific. The Program, which became operational
in 1982, aims at strengthening of remote sensing capacities of participating
countries through cooperation between the relevant organizations in the re-
gion. Its activities consist of exchange of information, organization of re-
gional training courses and workshops and implementation of joint pilot
studies. The Program, which this year became part of the ESCAP Natural
Resources Division, has significantly contributed to the advancement of prac-
tical applications of remote sensing and GIS technologies in the region. Its
priority areas remain to be food security and environmental protection.

THE WORLD BANK EXAMPLE

In 1989, the World Bank has established an Advisory Committee on En-
vironmental Information Systems (EIS) for Africa. The aim of this Commit-
tee is to focus and accelerate the operational use of GIS and remote sensing
by natural resources managers and environmental planners in Africa. Work
of the Committee consists of assessing the case studies implemented by
participating countries, drawing conclusions from their experience and advis-
ing on the most appropriate and cost-beneficial mode of the GIS and remote
sensing operations for sustainable management of natural resources and en-
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vironmental protection in each country. An important feature of this Program
is full local participation in the formulation, implementation and evaluation
of each case study. Furthermore, the design of follow-up operational activities
is not generic but tailored to specific conditions and priorities of participating
organizations. The Program has contributed to more realistic assessment of
new technology-absorbing capacities by prospective users of remote sensing
and GIS and thus to more sustainable modi operandi for these new disciplines
in Africa.

CONCLUSION

In conclusion, it should be stressed that introducing sustainable manage-
ment of natural resources and thus assuring adequate food supplies and pro-
tection of the environment for future generations in all regions of the world
will be difficult, lengthy and costly, but there is no alternative. The conse-
quences of environmental degradation may not be felt for a long time, but
once they appear they have serious effects on population and are difficult to
rectify.

Remote sensing and GIS technologies are contributing to fill the informa-
tion gap in many developing countries on the current state of their natural
resources, land use and impact of natural disasters such as agricultural
drought, floods, etc. However, some developing countries will need short-
-term assistance with provision of such information to their decision makers,
and long-term assistance with strengthening of their national capacities to be
able to generate such information, effectively and in a timely manner, them-
selves.

Prevention of widespread famines and protection of the natural environ-
ment are tasks which no country can solve in isolation. International coope-
ration in implementation of these tasks is the only hope for their effective
and lasting solutions.

Monitorovini zpiisobti vyuZivani piidy pomoci dilkového prizkumu Zemé
a otazky produkce potravin v rozvojovych zemich

Délkovy priizkum Zemé 7 druZic poskytuje nové moznosti pro mapovini, hodno-
ceni a monitorovan{ pifrodnich zdrojl, vyuZiti pady, degradace pidy a rozsahu pii-
rodnich katastrof. Tyto nové zplsoby prizkumu zemského povrchu jsou zvlaste
dileZité pro rozvojové zemé, ve kterych jsou informaéni databize ¢asto nedplné nebo
zastaral€ a kde instituce specializované na hodnocenf a mapovani pifrodnich zdrojii
nemaji dostatecné kapacity pro uspokojenf informacnich pozadavk( moderniho ¥{zen.

Rychly rist populace spojeny s degradaci Zivotniho prostedi podtrhuje nutnost
nového, raciondlné&jsiho pristupu k vyuzivan{ piirodnich zdrojli. V roce 1992 konani
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< 1 i’ Jizova-
Konference Spojenych nérodl o Zivotnim prostiedi a rozvoji (UNCEP) gnjg)ll()lll:cgz_
Ja pozornost svéta na potfebu obnovy souladu a harlvr}o/m_e mezi hospodarsky
vojem a Zivotnim prostfedim jako podminky pro prem&l' lidstva. el
“Vhodnost pouziti ddlkového priizkumu Zemé z druZic pro Fozk)]/:?v?n,] o
zivani pu i pU stlinném pokryvu byla dokazana :
ryuzivani pidy, degradaci pudy a ros . . : -
3y’\zl}<umn5/mi pracemi a operativnimi projekty jak v primyslovych, tak v rozvojovyc
zemich. ) 5 ) o ]
- Tento piispévek obsahuje nékolik aktudlnich piikladi apllkflce této metodydz/vl:]i\é
nady, Organizace Spojenych nédrod pro vyZivu a zelvnéde’lstvx (FAO), Hospodar
a soc’iélnf komise OSN pro Asii a Tichomof{ a ze Svétové banky.

Zdenék D. Kalensky, Special Advisor and Liaison Officer, Canada Centre

for Remote Sensing, Ottawa, Canada
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