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Desertification Control and Risk Management in a
Changing Agriculture : The Case of the Sahel

Roy A. STACY"* and Serge SNRECH""

Summary

This article has been written following the preliminary results of the CILSS-Club du Sahel
joint working group on “Agricultural Transformation in the Sahel”. It is based on the con-
frontation of macroeconomics findings of the West Africa Long Term Perspective Study with
an extensive review of field studies about micro-rationales of rural dwellers, undertaken in the
context of the working group.

It shows that macro-trends and local behaviors are evolving simultaneously, and at a fast
pace. The varied evolution of the main determinants of production systems (pressure on
land, access to market, climatic risks, access to technology, off farm labor market..) through-
out the region gives rise to a wide diversity of situations, which prevents any uniform solu-
tion to the Sahelian peasants’ problems.

There appear to be several issues of varying natures to be addressed for agricultural devel-
opment in the Sahel: the central issue is to create more income from agriculture (in a broad
sense). But solutions to this central issue do not automatically solve the problem of the most
arid zones (where climatic risks prevent full market efficiency, except for cattle), the problem
of the poorest households (who do not have access to the factors of production that would
allow them to answer to market incentives), or the problem of long term evolution of the sys-
tems, as most rural development actors’ time frames are very short, from the peasants to the
projects.

Interventions from the macro level (national policies or aid) are confronted with two prob-
lems: the first is to bring simultaneous and coherent answers to the aforementionned four is-
sues. Too often, these issues are dealt with in isolation, which leads to solutions that may be
contradictory with one another, e.g. for credit or land tenure. The second problem is to find
a medium to reach a highly disseminated rural population. It is estimated that the 35 million
rural Sahelians are scattered in more than 50,000 villages. This task of intermediation has be-
come a field of fierce competition between a variety of service suppliers: public services, pri-
vate entrepreneurs, NGOs, local collectives or peasants’ unions.. This activity should be
managed in the future in a market perspective, using competition to help increase efficiency
and reliability of all kinds of service providers.

However, despite the variety of service providers and funding sources, the capacity of the
macro-level to change the micro-trends is limited. Although some of these trends are not sat-
isfactory, they appear to be the result of strong private rationale on the ground, that will be
difficult to counteract. It is probably only in making a broad range of technical and financial
solutions available to peasants, thus allowing them to optimize their private choice according
to their own objectives, that a greater sustainability can be reached in the medium term. A
more systemic understanding of the evolution of the Sahelian rural world can help identify,
within the current dynamics of change, opportunities to come, and prepare the tcols that will
be necessary to take advantage of those opportunities.
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1. Introduction: Societies Undergoing Radi-
cal Change

A profound change in Sahelian societies
Since the end of World War II, a number of

major phenomena have combined to radically

transform West Africa: consistently high popu-
lation growth (+2.7% p.a.), greater exposure to
the rest of the world, and the acquisition of na-
tional sovereignty. The West Africa Long

Term Perspective Study (WALTPS) under-

taken by the Club du Sahel Secretariat, has

highlighted some of these changes:

* Between 1960 and 1990, the region’s total
population grew from 85 to 193 million; Eco-
nomic activity, largely based on commodity
exports, developed rapidly along the Gulf of
Guinea and, to a lesser extent, in the south-
ern parts of the Sahelian countries;

* With high commeodity prices and easy access
to international loans, the newly-indepen-
dent West African States undertook major
expenditures primarily focused on towns;

* People responded to changes in the economy
by migrating in large numbers to pioneer
farming areas, the more dynamic countries
and towns;

» Since the early 1980s, these movements have
been sharply cut back as commodity prices
collapsed, indebtedness increased and States
entered financial crisis. The economic slow-
down reduced opportunities linked to urban
growth and made the social climate gener-
ally harsher.

Agriculture responds to changes in society at
the regional scale

The WALTPS study has looked at the reac-
tions of agriculture to the changes in its envi-
ronment.

Long term production series have shown
that, overall, regional supply has followed the
evolution of demand, although this demand
was experiencing rapid changes, both quantita-
tively and qualitatively. The delay in the sup-
ply response peaked in the early 1980s, under
the combined effect of a number of concordant
factors: explosion in urban growth, bad
weather, high export commodity prices,

encouraging expansion of these products while
imported food prices declined as a result of
growing surpluses in developed countries, easy
access to credit, substantial contribution to
public budgets from import taxes and ineffec-
tive national food policies. The time-lag has
shrunk considerably since then, as most of
these factors have been reversed.

A study of the spatial repartition of supply
(NINNIN, 1994) has shown that there is a high
correlation between market connection and
farmers’ productivity: the closer an area is to
major markets, the higher the rural population
density, but also, despite tenure constraints,
the higher the per capita food production.

Regional evolution of agriculture covers a
wide range of farmers’ behavior and a grow-
ing specialisation

In order to understand the mechanisms of
farm supply and how it might be stimulated,
the Club du Sahel undertook a bibliographic re-
view of farmers’ behavior (SNREcH, 1991). This
review shows that when farmers’ behavior is
seen against its economic, social and ecological
background, with its opportunities, threats and
constraints, it appears very rational (and, thus,
difficult to modify without altering the envi-
ronment).

Farmers' strategies have two essential com-
ponents: priority is given to safeguarding the
family and its means of survival in the long-
term, implying high risk-aversion: low capital
investment, diversification of activity, etc; fol-
lowed by the desire to maximize the economic
and social value obtained from available re-
sources (land, capital, labor), behavior that is
better understood and described by econo-
mists, favoring gradual economic specializa-
tion to acquire or optimize comparative
advantage.

Subsistence strategies still predominate

In practice, since most farmers are poor and
only just above self-sufficiency levels, minimiz-
ing risk often takes priority over making opti-
mal use of resources. In particular, most rural
dwellers continue to produce the bulk of their
own consumption, and to sell only under con-
straint. Therefore, the food crop market is
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Anti-Desertification Actions in the Sahelian Region and Rural Development :
A Methodological Essay on “Sahelity”

Makoto KATSUMATA®

On the lines of Agenda 21 adopted in June 1992 at the Rio Earth Summit, the United Nations Convention to
Combat Desertification (CCD) was signed in June 1994 by all countries participated in the negotiations, which
included Japan, and will enter into force by the end of 1996. The CCD has some of the interesting features com-
pared with other international agreements on global environmental issues. First, the CCD clearly states the
rights and duties of contracted countries; it is not a mere expression of good intentions. Second, it gives geo-
graphic priority to African countries. Third, it regards the participation of local people to design, implement
and follow up the anti-desertification actions as essential. Fourth, it recognizes Non-Governmental Organiza-
tion (NGO) or Community Based Organization (CBO) as genuine and formal partners in elaborating the na-
tional action plan to combat the desertification. Fifth, it provides a clearer definition of desertification, which
will solve some confusions in distinguishing the anti-desertification plan based on social scientific approach
from purely technological challenges to greening of the desert, which are not directly linked to the central is-
sues of the desertification.

This paper examines the efficacy of the above mentioned positive facets of the CCD by clarifying the politi-
cal, social and economic conditions which will enable more sustainable society in the Sahelian region. Within
the context of rural development, the following key questions will be posed: What are the local specificities to
be considered in thinking about rural development in the Sahelian region?;, What should be the appropriate ap-
proach for the local participation based on theses specificities? Who are: the main actors in this participatory
rural development? Five basic factors characterizing the Sahelian region are limited rainfall and diversity of
the livelihood which derives from it, existence of ethnic conflicts, uneven distribution of population, high mo-
bility of workers, and weakened state capacity. Combined with these factors the paper deals with a methodo-
logical question: What is the unit of participation most appropriate to rural development? The paper seeks a
possible socio-cultural approach to rural development. A participatory approach based on the villager's per-
ception on their land, “terroir” in French, will be discussed with potential problems in its implementation.

In conclusion, the key to the effectiveness of the CCD is summarized at two points: (1) Micro-level identifica-
tion of actors (central government, local government, the local private sector, local NGO, international NGO, in-
ternational aid agency, CBO, etc.) at each stage of anti-desertification actions; and (2) the urgent necessity of
clearly specified accountability. Only these methodological and micro-level researches and reflexions will give
effectiveness to the term of participation highlighted in the CCD.

Key Words : Desertification, Sahel, Rural development, Africa, Partipitation

* Faculty of International Studies, Meiji Gakuin University. 1518, Kamikurata-cyo, Totsuka-ku, Yokohama 244, Japan.
(Recived October 28, 1996; Accepted December 12, 1996)
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CHANGES IN THE NUMBER OF TOWNS
WITH MORE THAN 100.000 INHABITANTS

IN WEST AFRICA
1960-1390 AND PROJECTION FOR 2020

«» 100.000 to 200.000 D 210 5 million
* 200.000 to 500.000 5 to 10 million
© 500.000 to 1 million

© 1 to 2 miliion %) over 10 milllon

R 1L @779 %1803 AO0GLLEOTATROLEIL.
(OECD/Sahel Club, ADB, CILSS (1995): Summary Report of the West Africa Long Term Perspective Study. p. 12)
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The Thought of Dry Farming from the Viewpoint of Soils and Current Agriculture
Satoshi MATSUMOTO"

All of agricultural techniques in dry farming have been fostered in the natural features of the desert and rep-
resent methodologies of the arid lands agricultures. However, soils of arid lands are generally too strongly
influencesd by water stress to expect a remarkable increase of yieds. On the other hand, a large scale and mod-
ernized irrigation agriculture in arid lands which has been developed water resouyces by a heavy capital in-
vestment can remove the limitation of water use, so that succeeded to produce a productive yields in these
regions which are corresponds to three or four times of the yield in dry farming. At the same time, however, it
was an apparent challenge against the natural features of the desert that modernized agricultural techniques
could remove the limitation of water use in the desert. There were and still are quite little recommendable tech-
niques to solve problems which were caused by the huge volume of water induced into the arid circumstance.
The most difficult and severe problem is the salinization of soils. In the periods from 1976 to 1985 when
desertification had expanded widely, soil degradation due to salinization was also the main cause of the
desertification and the expanding area of desertification at one time was reported to reach into 50,000 km? per
year. One of main reasons why soils suffered from salinization have never recovered to wash by leaching lies
in such an economical policy that it is a better way to develop a new land for irrigation area than washing and
recovering lands salinized by the expensive irrigation water.

There are some unstable factors to maintain the agriculture in dry farming. However, the development of
sustainable agriculture exists only in rational techniques which are symmetrical to natural environments and
are using their beneficials given to the lands to the maximum extent. We should learn firstly this fundamentals
of the promotion of regional agricultures and then examine what kinds of technologies are needed for more sta-
ble and productive yield.

Key Words: Dry farming, Traditional agriculture, Current agriculture, Soil salinization, Sustainable
agriculture

* Department of Biological Chemistry, Graduate School of Agriculture and Life Sciences, University of Tokyo.
Yayoi 1-1-1, Bunkyou-ku, Tokyo 113, Japan.
(Recived October 14, 1966; Accepted December 12, 1956)
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Special Reports 1
Traditional Agriculture in Arid Lands and Its Conflict with Current Agriculture

Satoshi MATSUMOTO®

Saying from the viewpoint of soil mineral nutrients, soils in arid or semi-arid lands contain sufficient mineral
nutrients except nitrogen, phosphorus and water. If we can get enough fresh water for irrigation and soil con-
ditions are kept in suitable, soils in these regions will be able to produce a vast sum of foods for mankind. As
everybody know, all of the world biggest four cradles of civilization were formed along the floodplain of big
river in arid regions and this fact was historically proved to be correct. Because of the less leaching of soil min-
eral nutrients due to little precipitaion, a large amount of water soluble salts is kept in the rhizosphere root sys-
tem. Although some of them are indispensable nutrients for plants growing, some of them are harmful for
growing to promote soil salinity. These cradles of civilization ruined from soil degradation owing to salinity
hazard which was caused by irrational irrigation methods or from the inundation due to the indiscriminate de-
forestation of catchment area in the upper reaches of the river. At the present time as of 21th century being
near at hand, the world population have become more than 5.8 billion, and even now have been developing a
strong tendency to increase. Accordingly, it is a matter of course that the food problem of the world is now ar-
gued from all angles. More than 509 of the land surface of the earth consists of arid and semi-arid land soils,
which are generally too dry to produce a productive yield. If enough fresh water is available, these soils can be
irrigated and used for agricultural land resources as mentioned above. From these background, for the last dec-
ade much attention to arid and semi-arid regions is paid again, and more agricultural development projects
using a large scale and modernized techniques are being planned and carried out. In the past and even now,
however, many projects fail, because after some years salinity or alkali hazard increases in the just same way
which was experienced by ancient peoples.

On the other hand, there are traditional agricultural techniques in these regions which are often called dry
farming. Agricultural production by dry farming is never stable since water supply for crops production de-
pends on the natural precipitation only. In spite of the unstable food production technique, dry farming has
been supported by overwhelming majority of arid lands farmers. Where can we find right reasons why arid
lands farmers support this unstable dry farming which runs counter to the modernized and productive agric
ulture ? This symposium is planned in line with the better understanding of traditional agriculture in arid
lands, and then how to make its best use for the sustainable agriculture which will be needed strongly from
now on.

Key Words: Traditional agriculture, Current agriculture, Dry farming, Conflict, Desertification control

* Department of Biological Chemistry, Graduate School of Agriculture and Life Sciences, University of Tokyo.
Yayoi 1-1-1, Bunkyo-ku, Tokyo 113, Japan.
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The Formative Process of Tamarix cones in the Southern
Part of the Taklimakan Desert, China

Muhtar QoNG* and Hiroki TAKAMURA®*

The distribution, formative process, and internal structures of Tamarix cones which are located in the
southern part of the Taklimakan Desert were investigated during three years from 1993 to 1995. In order to
observe the internal structures of the Tamariz cones, typical dunes were excavated. The main results obtained
can be summarized as follows:

1. Tamariz cones have developed on piedmont alluvial fans, low river terraces and the areas between oases
and moving sand dunes.

2. The climate of the study area is extremely arid, with the windy season from March to July. During the
windy season sand materials were transported by the frequent storms and accumulated around Tamariz
spp. clumps, resulting in a sand layer, while during the autumn the vegetation like Tamariz spp. fall leaves
and forms a litter layer overlying the sand layer. There are a lot of sticky nodules along the leaves of
Tamariz spp. so that fallen leaves stick together and form a cohesive litter layer. Asaresult, asand layer
and a litter layer are alternatively formed once a year. If this process lasted several years, a Tamarix cone
can be formed and developed.

3. The excavated cross sections of Tamariz cones are composed of the alternation of sand layers and litter
layers. The thickness of the both layers differs from part to part of the cross section. They are thicker on
the central part around the trunk of Tamarix bush than the marginal part.

4. In the upper part of the cross section, the organic materials of litter layers are very fresh, but they are
decomposed in the lower parts due to the increase of moisture holding capacity and the load of overlying
layers.

Key Words: Tamarix cones, Taklimakan Desert, Sand layers, Litter layers, Formative units.

* Graduate Student of Rissho University.
** Department of Geography, Faculty of Letters, Rissho University. 4-2-16 Osaki, Shinagawa-ku, Tokyo 141, Japan.
(Received January 10, 1996; Accepted December 12, 1996)
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1I6 8 1.8(m)

Fig. 13. Schematic representation showing architecture of Tamariz ramosissima buried with sandy deposits.
A: depositional structure, B: buried branches, C: exposed, new branches, D: intersection of layers
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Cross section of a Tamariz cone at Beshtograk,
Lop (Apr. 4, 1993).
A: sand layer, B: litter layer (organic layer)

Fig.

Fig. 11. Clbse-up ol'lees of Tamariz ramaissima at
Beshtograk, Lop (Aug. 18, 1995).
Note leaves with a lot of sticky nodules.
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Mirr.—— Jul. Oct.— Dec,

First year

Oct.—— Dec,
Second vear

Mar.—— Jul. Oct—— Dec,

Third year

Oct—— Dec.

After several years

Sand layers M[H[[ﬂ Litter layers

Fig. 12. A scheme showing the formative process for a
Tamariz cone in the Tarim Basin.
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Fig. 7. Synoptic geomorphological map of the
Beshtograk area, Lop.

LA

Fig. 8. Cross section of a Temariz cone at Beshtograk,
Lop (Aug. 31, 1994).

Note the increased decomposition of organic materials

downward with increase in depth.

5

e R
Fig. 9. Cross section of a Tamariz cone at Togasulik,
Qargan (Aug. 16, 1995).
C: clay layer
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Fig. 6. Cross sections of Tamariz cones at Karatagiz, Beshtograk, and Togasuluk.

See Fig. 1 for location of study sites.
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Fig. 4. Tamariz cones in the southern part of the
Taklimakan Desert, at Beshtograk, Lop (Apr.
4, 1993).

3. K’ F &

A 31993~19964E D i 3 [l 1o » T Tamariz
FhEeAi%e { 4346 L T\ 3 Guma @ Karatagiz #f, Lop
@ Beshtograk £, Qargan ® Togasuluk & (Fig. 1,
Loc. 1~3) HMETHRD L HITITIE -1z

RFEMNE Tamariz W2, il - MEh - e -
R - RIS & AT U, FHRlE SRRt (P Ay
Brauniger 8y ALTOVARIO Besis SP), ¥ F L <,
7023 vRR, FoFREEROE, HEREES
BipicERHEICES 4m, §2moXEEHEL,
FhE1mX 1md 8 >OHIEXICHtz (Fig.4). &
HEXothoftoltEoBEH 5w 2 8l&%EiHHlL T
it e L, 8 >OHERKOFEMAEHIIL, MR
OftHRE L.

WroNE#HEE#H~5 iz, Guma, Lop,
Qarqan 72 & TR Tamariz B2 ST 16{#5E T
Fv F = CHIEI U T i A S T & o, HEREHEGE,
[Ete, SMOEES - B - ERAEER/ALL bihe
TOHOE& EH & F — 72 W EE S D 113 T
HERRR Do v — % & - THEI%E L /2.

4. Tamarix ® EOEE#E

#HIL 7 Loc. 1 @8 & & Guma @ H 30km @
Karatagiz ffitilicd 3 (Fig. 1). »2TEHEEL -
Tamarix WETd - 72, 1RH D7z v BASEEIC K
Eh, BEGHEEE - ROTHH LADsEE
EsEhTWwA, PRrakolZdEibEaem, Sk
248mOPRiEVWeY ¥ FEIT, S5i3116mTHh 3.
dees (El EfD -~ EFED ArRichidsdl L, FEiE
FHIE T (FEE) filc16°, Wb dbs) T3’ ch 5.

Cross section of a Tamariz cone in the
southern part of the Taklimakan Desert, at
Karatagiz, Guma (Sep. 8, 1994).

Fig. 5.

COWRETRATHOMA Loc. | THE ImE THY
Tz (Figs.5,6). #ifid o L15mE TOMICE
(sand layer) &#%#ER (litter layer) A 573 RS
HE2=y + (formative unit) AFEEL TS, B
[ R 515 0, 15RERA 5. Wikgs bk
O THEL poMT, Sicw IFEH o
WA <35, COoETE, —H—HOoWFEOHE
[ 19cm, /Nl emTH B, Fiz, ORI
B LM<, BTFELZ-Twa. BiRifmmoL
MTREVWTESELLTVSA, Ficw @EED
b, FTROEDLCENTEALIICNS. BEOE
McEE 4 % Tamariz 2 4 4 B © § & Phragmites
australis 15 E i A S N FIE S IO E R S
Wir 51 2FEERMIES Y, BEELEL XS KBED
BT, Blicw Bl E->TW3, Han
ICHERPEELSVWECALRONE, COWETIE
HIEFORIEERA 3 em, /M 1emTh b, FLERN I
WO B TIRFE I RIBIE WA, Tz v B &
FisHA TIRBAES LTV A, T TERE S
DA THIRTRBBITE R VREICE > TV 5.
Loc, 2 @b fiE Lop @ Beshtograk kf @ g 500m (<
b % Tamarizx WHTH 5 (Figs.4,7). WrEmIcE
Tamarix ramosissima, Phragmites australis, Alhagi
sparsifolia , Calligonium mongolicum ,  Nitriaria
sibirica, Scorzonera divaricata 15 ETREEME O & O At
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Fig. 3. Average precipitation and temperature at Khotan and Niya (1, 2), the monthly average wind
velocity (3), average maximum wind velocity (4), and average relative humidity at Guma,
Khotan and Niya (5), and frequency of wind direction at Khotan and Niya (6, 7) (1959-1979).
(CuiNA CeNTRAL METEOROLOGICAL STATION, 1979).

KBRbLII25CTH 5. FEFGMKRIL 35.0mm T, §
BRS5A~TAICBOLTRS., KiciBETHHHD, B
OB b H 5. FEhEEREIZ 26020mm, KFDEF
N BEIR42%THS. L L, KRADOIENEEISE
fiick » TRE 3, WRHMBESEVWY, [EOEL
KA o&Z b TRAKIOEMBE R &, 1A~
2 Ao B 135036 L LiciEd 2. AVIGEER S

A~ 6 AMBEAT25~3m/s, 11A~I12A BR/NT
15~2m/s Th 3. FGHEKAHIE 12~14m/s TH 3.

Khotan DAt ok ¢ b Az <, BE#lTm/s DL Lo

B A%t Guma & Qira TEMIBTHS. %k Qira
TEE 3m/s L L OB HEUIER2008, E#E 4m/s
P EoRBEIZEMSB T, MEDHBFEIIERICTHE
W (3R, 1988). BMEREIC2A~9AIRELEL, BX
BE#EIS A~6 Bicic&sh 3. BHEEMSE 20~30m
/sOES LIFLEREL, IMEMCBSRKEHEL L
bFT bbb, sRREIEIE, Khotan TSWH [,
Niya ©NE Al Td % (Fig.3).
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dunes cones L3 000
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Fig. 2. Major geomorphological regions in the southern part of the Tarim Basin.
Table 1. Some meteorological data at Khotan (1954-1984).
Tamperature (°C) Av . .
. prep. ETP Max wind >4m /s wind
Annual Jul. Jan. (mm (mm) R. hum. (%) velosity (m./’s) days
122 25.6 —-54 35.0 2,602.0 42 14 90

Av. prep.: Average annual precipitation, R. hum: Relative humidity, ETP: Evapotranspiration

2. BEBROHE

AR5 7 ) = h v ODEOBERICAE T 2 HH Y
4 7 VAiEKX Khotan X (Guma, Karakash, Khotan,
Lop, Qira, Keriya 75 ¥ ®&8) & Bayingulun € » o
NEIBMND Qargan LiTE A MAHIKTH 5. FAHIR
OMfilicid o v o v 1LikHH », Khotan Jil, Keriya
JIl, Qarqan I EZ L DFNIBFTTFLTWSE, Cho
DOFINNZ LA (F8Hk 1,500~2,500m) iIcEEEHERIL T
A RRE R L T 3. BIRERE O—IF B
OERYBEHB TR ERIIS A THL I MEKD, Beds
() £l 2 TW3, KhotanJl|, Keriyalll, Niya Ji|
3 EORRMOBEMRIC IR 7 v MR E h, HHEH
ML, BEEENTEDbhTWVWS (8, 1996). &
I 3 @AHNE L, 47 v ROTHRTIR—IcH
TFTABMBEBENDTT &~ (Phragmites australis) 15 &H
EZBEMES >TSS (FAEFEM, 1996). F7oF
BV ORER, IBREK, EAFFEBREES & OMTK
fOBWEZAICIRRENYE (Populus euphratica/
Populus diversifolia), k¥ (Populus pruinosa) 75 &
MEFT .

7 v ZPBHEMOHIEL, SN B I - T, Do
Bc X AMMBRBICKEL B3, HE S Tamariz 8,
Alhagi sparsifolia 153 K OTHEHD bDME 15 b,
Tamariz WEOBE M 518 3 BEE « R EED L~
EBITL, SoicHPPEH~EZEDS. Khotan fF

HieRohsarvoiliffho s 7Y <h vDBEICHT
THOLED B - R ERRAM IR D T LFig. 2
DEHITILB.

CCTATVALMHBDEMEOMICAHT S
Tamariz PRICH>WTHLLBABRTA L ELL &
EhrooMEMbick 3 &, COBFHTIRHITKAAS
~10m & HENB WO T, B> T3 Tamarir L&D
#iA & Phragmites australis, Alhagi sparsifolia 73 &
D4 FHOEATHBAS W ABAEDEMEL AHLTY
foEwS, LL, Tamariz | EORAMBRKE L
TRIEEN B L 5ic D, Phragmites australis,
Alhagi sparsifolia 13 £ OERBEHOEN, REYO
ekl R3BEE LTRIRShZ XSk, M
HWRHM0BLITETET L, BAEZZTLTVWEEED
EiRiE-7bDbRoN 3. FEHMKO—>, Lop®
Beshtograk #EZ:, Ho>TRBEEWEM (Temariz
WhR) Tdh-1-hs, 1959ELIEROHSEICEE » TEEEY
MBI EVS.

RAEMBOSUER, THRBETESEERISREL,
LIZLITREMdH 3. K2y ) aqflicetsgsn
TEAEEORSsfkEE L, BAkRDREV, FEKic
RIABOHBEEBKEL, RIRBAKETS. FhoH
A TRBED BSE {, RpHHEE LDOFRTIIE
£2. 9279 <h HEETEZD Khotan TO 19544
~19855E % TOMB T - s itk 3 &, EFFRE122C,
7 AEKE256°C, 1 HEYKIR —54°C (Table 1)
T, Rl LEssET 5. [BoBEEORAIR LA
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7)< A vIEBERHIRICB T B Tamariz B RO

LNFI FarvteGRoLE

L (&L A&

hEHEBMICA T2 5 ) 22 HEFE R 1,500
km, BILOREAEH 600km DHRAEHRORBEM T
H3. AWMOEEZFETEEO 1400m » SEHEEO
800m E T O I THSE., RMMOhRWICIEIN
33877 km® (f£, 1986), DEBKODHETH 2527 Y
RAVDENH S (Fig.1). £05b, HEERH
B (active dune) H#EiMIR ORI D85% % &
b3, WMHYEOEXI2100~150mT, Bt 300m i
#EBY3, RMHEERICMLZE 7R EFNITHE AN
BOOBH, MR & ORI T KM NSV
(2~3m) EHERICIE, Tamariz spp. FIH) &7
v (Phragmites australis) 15 & o4 THbOEE -
¥EEDEHNHT S (B, 1996). T hid Tamariz

spp. M E DIEENHH T 2B D MO b AT
EFLBETTERENLDT, £0EEIE2~10mT
3. 79 <h rDEDISKORENT 5 LABEED
B (Eges0%l ) & ERAEDRE (ESR0%LLT)
ThHEDOIRTWS (Zuu et al., 1986: 54, 104; TAKAMURA
and QonG, 1994).

379 =h yORTREMETRESh 3MICEVE
EBILE W EE - ¥EEWEELNE (Tamariz cone)
EPERT EbH B (k- B, 1995 10K, 1996) A5, A
MTRCHhS % Tamariz DR EERT LiIcT 3,
Tamariz DEZEEYE (anchored dune) O—FET,
YNSWEOBANBLETRONS X 74 (nebkha) &
B0 bDTH S (LANCASTER, 1995). KT, 5
7Y <A v DEBERIIEEF & L T Tamariz W EDH)
BOH, PSS ERARRL W IREETRE
ShicMRIcESWTHEY 3.

Active sand dunes
Tamarix cones
Alluvial plains

Grasslands

®  Study sites
O  City (Oases)

Fig. 1. Major land surface features of the Tarim Basin. (compiled from GEOGR. DEPT. of NW NORMAL UNIV., 1984).

* MIERFRFBCFTFREFEE Y
*x VIERFXFERMBELHE

(5f+: 19964E 1 108, S : 19965E128128)
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Salt Accumulation Analysis for Column Experiment Results during Eevaporation
Yoshiyuki OHTSUKA*, Hiroyuki I~ and Shin SAKAKIBARA++- :

The movements of salt water through unsaturated sand during evaporation was traced by column experi-
ments and the FEM flow and transport analysis. In this analysis, salt accumulation in soil surface could be ana-
lyzed by calculating mass flux at the surface from the surface salt concentration and evaporation rate. The
analyzed longitudinal dispersivities of unsaturated sand were about one tenth of the test scales. This was in
agreement with the empirical relationship derived from experiments under saturated conditions. Therefore,
salt water movement under both saturated and unsaturated conditions was almost the same.

Key Words : Evaporation, Salt accumulation, Migration analysis

*Shimizu Corporation. 3-4-17 Etchujima, Koto-ku, Tokyo 135, Japan.
**Faculty of Systems Engincering, Wakayama University. 930 Sakaedani, Wakayama 640, Japan.
***Core Corporation. 3-4-15-903 Mita, Minato—ku, Tokyo 108, Japan.
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Effect of Desertification on Climate: A Review
Masato SHINODA*

The present review paper outlines the state of the art of numerical simulation and observational studies on
the impact of land degradation over world arid regions (desertification) on climate. The focus here is placed
on the relative effects of regional land surface conditions affected by desertification and global atmos-
pheric/oceanic circulations to the regional climatic changes.

Interannual variations in rainfall over major tropical arid regions , with the exception of the Sahel, are sub-
stantially influenced by the El Nifio/Southern Oscillation (ENSO) phenomenon having a primary periodicity
of 2-5 years. In general, the tropical and subtropical regions of the Northern Hemisphere exhibits significant
decreasing trends in rainfall since the 1960s.

Especially, the Sahel region, south side of the Sahara, experienced a marked multi-decadal decline in rainfall
from the 1950s to the mid-1980s. The hypothesis that desertification leads, through, reduced soil moisture, and
reduced surface roughness, to drought conditions has been qualitatively verified by general circulation model
simulations. Neither ground-based nor satellite-derived observational evidence has, however, been demon-
strated to support the hypothesis.

The global- or basin—scale sea surface temperature patterns, modulating a long-term atmospheric trend, are
most likely to play a major role in the above Sahelian drought.

Key Words: Drought, Desertification, Arid Region, Sahel

* Department of Geography, Tokyo Metropolitan University. 1-1 Minami-Ohsawa, Hachioji, Tokyo 192-03, Japan.
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priority over responding to needs at an artifi-
cial pace. They must therefore support local
dynamics without monopolizing them in the
pursuit of their own objectives.

* Equally, lowering transaction costs and im-
proving economic efficiency is not possible
without a better functioning judiciary or eco-
nomic regulation system on a national scale.
There again, the virtue of policies cannot be
imposed from the outside, but aid, through
its strong presence among public and private
actors, does have a role to play: it must en-
deavor to establish a dialogue and the co-
management of policies in conjunction with
the major interest groups.

* Finally, should it be true that the current
transition phase is the time for a fundamen-
tal readjustment of social relations with the
emergence of new, more commercial rela-
tions (a labor market, the rental of equip-
ment among farmers, the sale of land), then
donors, one of whose main justifications is
still ethical, are badly placed to decide which
direction these developments should take,
even assuming that they can influence them.
Without taking sides, what aid can do is to
popularize widely all the social innovations
that can be seen throughout Africa and else-
where in their diversity, in order to stimulate
a domestic debate on favorable develop-
ments in each group or each society.

5. Conclusion

In this article, we show that structural trans-
formations are taking place at a rapid pace in
the Sahel and the West African rural world.
Some of these transformation are positive,
some seem rather negative, but most of them
are deep-rooted in the structure of Sahelian
economies and societies. As one of the primary
justifications of aid is ethical, outsiders are
often tempted to attack directly what they see
as the most adverse effects of development: en-
vironmental degradation, desertification and
marginalization of the poorer people or the
weakest groups...

While these are real issues of concern, one
must not forget the systemic nature of develop-
ment, and should look to the roots of these
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problems rather than to their most visible ef-
fects. In the transformation process underway,
there are undoubtedly some losers, and some
traditional systems are probably condemned.
But this is not a reason to atttempt to stop
these evolutions, which, in any event, is proba-
bly not possible: the same transformation that
creates social and economic problems provides
new opportunities. It is in the context of these
new opportunities that sustainable solutions
have to be found for environment and
desertification, as well as for poverty.

In this respect, Aid’s comparative advantage
lies probably more in encouraging the emer-
gence of a wide variety of new opportunities,
adapted to different social groups and helping
to mitigate risks, than in addressing the most
visible manifestation of the problems.
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fewer partners and have made less prog-
ress in implementing the Convention
(Mauritania, Niger).

Make a special effort to adapt the interna-
tional instrument that the Convention repre-
sents to extremely diverse national
situations: clearly, the dry zones do not have
the same importance in all countries as they
do in the CILSS. In some cases, they cover
the whole country, while in others they are
marginal zones within a large geographic en-
semble: the debate over the priorities for in-
terventions, like the methods of intervention,
cannot be achieved in the same way in these
two figurative examples. When the groups in
the dry areas constitute a minority that is
clearly delineated from the majority groups
(e.g., the Touareg), it is questionable
whether national dialogue will spontane-
ously take into account the specific problems
of these areas.

Limit the thematic and geographic range of
programs, but commit first of all to a long
term continuity of effort. The vulnerable
groups could find their situations even more
precarious if there were a sudden interrup-
tion in the support they receive.

Promote the dynamic elements that create
wealth and jobs

It seems that general economic growth is still
the first and the best response to all the other
problems in the long term. There is unfortu-
nately no formula to ensure such growth, even
if the extreme deprivation of Sahelian popula-
tions shows that there is a sizeable level of
growth to be achieved, simply in satisfying
their basic and relatively simple needs: food,
lodging, clothing, transportation, health. If the
export of agricultural products is an important
engine of growth, growth will come first of all
from the mutual domestic exchanges within
these societies; diversified domestic and inter-
national markets will also improve ability to
withstand external (macroeconomic) and in-
ternal (climatic) shocks. When the whole soci-
ety is engaged in the same activity, you can
expect little from your neighbor in time of cri-
sis and it becomes “everyone for himself”. If, by
contrast, all actors exchange, buy and sell

products with one another, the complemen-
tarities and interdependencies will come into
play more easily in times of crisis.

Agricultural policies, but other economic de-
velopment policies as well, must take care to
promote this complementary exchange, and
the increasing complexity of the economies of
the Sahel region, which sometimes also require
a rethinking of trade policies in the developed
countries. In this sense, if numerous voices are
making themselves heard in the developed
countries to challenge the export of subsidized
agricultural products (rice) or inferior ones
(bad cuts of meat) which compete unfairly
with African agriculture, if rationalization
measures are undertaken to regulate food aid
practices, they are much less numerous to un-
derline that the charitable donations of used
clothing and shoes are strangling just as surely
agricultural producers by eliminating their
main potential clients: the mass of craftsmen
who would otherwise provide these basic
goods. One very concrete and not very expen-
sive step to take toward the development of
the Sahel would be to do away —under interna-
tional wastes legislation — with the products
that have no value in their country of origin
but are substituted for local production in the
Sahel, and to ban them from international
trade.

On this general theme, it therefore seems de-
sirable to:
» Encourage the flexibility and adaptability of
economic actors: aid can play a large role by
developing infrastructure (roads, markets,
telecommunications) and supporting re-
search to enable them to offer a wide choice
of products and techniques to entrepreneurs,
and by encouraging, by training, the circula-
tion of knowledge.
The capacity to respond also depends on the
development of professional intermediaries,
private or cooperative, for the major services
—upstream and downstream —of production
(agricultural counseling, credit, supplies,
marketing). Aid is clearly not neutral in the
development of these structures, to which
they often contribute funding. But donors
must demonstrate patience and modesty, and
realize that establishing capacities must take



There is, thus, a permanent risk of letting the
debate slip into the issues surrounding the
interventions (who? what? how? with what
remuneration?) and not on the synergies and
compromises that need to be found among
national interest groups.
On the one hand, the international commu-
nity cannot promote the establishment of na-
tional democracies in the Sahelian countries
(and sanction those who intend to oppose it,
e.g. Niger and The Gambia last year), and on
the other hand organize representative fo-
rums to decide rural development priorities
in a totally exogenous way. In countries
where the rural sector represents on average
half the economy and three quarters of the
population, and where aid is a significant
percentage of GNP, there is a real risk of see-
ing this process substituted for national
authorities. The latter, who are democrati-
cally elected for the most part, pride them-
selves on the fact that they represent the
various national elements in all their diver-
sity, comprising diverse regions and social
groups in the rural areas. The rural areas are
still too important in population and eco-
nomic terms for their destiny to be decided
by anything other than national representa-
tion.
In both cases, direct organization of the de-
bate by external partners slows down the proc-
ess of learning about democratic negotiation of
shared interests within the national frame-
work. It also biases the results of these negotia-
tions, by the expected financial support,
towards donors’ priority. In this area, it is there-
fore urgent to proceed slowly, while establish-
ing solid bases. External interventions could
take several directions:

+ Strengthening the formation of and the in-
formation of the various interest groups in
order to gain a shared understanding of each
group position and perspectives; this infor-
mation must be simple, accessible, and diver-
sified.

« Encouraging the various interest groups to
organize themselves to defend their interests,
and training them in negotiating techni-
ques.

¢ Encouraging the dominant powers and
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groups to negotiate and co-manage and even-
tually making offers of aid conditional on an
openness to these techniques.

Offer long term support to the most vulner-
able regions and groups

There are, in the Sahel, certain regions or
groups whose situation is especially precarious
and who have very little hope of improving
their situation by the sole mechanism of the
market, even if they benefit temporarily. We
underlined previously that these might be geo-
graphical regions (particularly the most
drought-prone and the most remote zones) or
social groups. One of the major justifications
for aid is to support these groups, but this sup-
port often meets with great practical difficul-
ties.

In fact, the destiny of the most vulnerable so-
cial groups seems to be inextricably linked to
the general development process in the Sahel.
It seems particularly difficult to conceptualize
programs that are adapted to the needs of these
groups and the scale of their problems -- pro-
grams that should be able to reach several mil-
lion people at once. In this area, there is a
higher risk of producing “cosmetic” projects,
which are satisfying in principle more than
they respond effectively to the problems.

On the other hand, targeted interventions
seem easier in the arid zones because the prob-
lems are more focussed geographically, their
problems reach the entire population of these
zones and they carry limited demographic and
economic weight in most countries.

Action in the areas that suffer from drought
has long been discussed under the auspices of
the United Nations Convention to Combat
Desertification (CCD). In the light of the pre-
ceding comments, it seems to us that those re-
sponsible for implementing the CCD in African
countries, as well as international partners,
have to:

* Reflect seriously on the information and
methods required to identify the countries
and, within them, the target groups or areas,
and the best ways to give them structural
support. It appears today that some countries
that have the largest percentage of dry zones
are also those that, for various reasons, have
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contrast with export products for which there
is shared interest in the country, agricultural
producers are in competition with each other
for small food markets: the support of an offi-
cial channel or a given region sometimes trans-
lates into recapturing the markets and
increased consumption, but this applies
equally to sharing parts of the markets of other
regions.

An eminently political problem

There are numerous mediators of the trans-
fer between the international community (or
within the national communities) and the rural
sector, and they have different perspectives:
some are just emerging, while others are stag-
nating or in decline. The forms of mediation
have objectives that are at once economic
(they absorb a very significant part of financ-
ing in rural areas) and political (they can allow
access to rural areas, which host the majority
of the population in all Sahelian countries).
The presence of certain types of mediators
clearly determines part of the supply of coop-
eration.

We are not trying to resolve whether some
forms of mediation are better than others, a fre-
quent temptation among analysts and aid
agencies. Rather, we must strive to organize
positive competition among the various service
providers, based on a certain quality of the
services provided, and encourage a certain re-
straint on the part of the recipients of services,
who should adapt their financing to the real
managerial abilities of the intermediaries cho-
sen. Only the development of a supply of diver-
sified and high quality mediation will respond
to the diversity of situations, in the short and
in the longer term. Monopolies and exclusions
in mediation must at all costs be avoided: the
NGO-only approach is as counterproductive as
the market-only or the State-only approach.

For the moment, the supply of services is
still highly variable, the structures abound and
“everyone claims to be doing everything”. The
use of intermediation services must take care
to ensure that this supply progressively be-
comes more professional, more adapted to the
needs of some of the end users (which are often
quite precise) rather than those of the donors

(which are often very broad). To the extent
that solvency (and thus payment of the inter-
mediary) at present resides with the donors,
this “sensitivity to the demand” presupposes
that the donor encourages the intermediary to
submit to this discipline.

4. The Implications for Interventions in
Rural Development

Help the various national interest groups ne-
gotiate rural development priorities amon-gst
themselves

The tasks to confront in the rural develop-
ment process are enormous, and the human
and financial resources are limited. This is why
there is clearly a need for a strategic rethinking
of the whole rural development process in the

Sahelian countries and its priorities in the me-

dium to long term. However, the existing bod-

ies (CCD fora, NEAPs, ASAP) are both too
narrow in sectoral terms (they do not simulta-
neously take into account territorial, demo-
graphic, environmental, economic, institu-
tional, and social objectives) and, above all, too
exogenous, having been created more to nego-
tiate the forms of external support than to de-
bate priorities among national interest groups.

The international community is pressured
by the recognized urgency problems to solve in

African agriculture and by its public opinion,

which is sensitive to the striking images of

poverty and under-development. It is also more
and more conscious of the need to respond to
the priorities expressed within the societies
that can most effectively gage them. This
being the case, the temptation is great to or-
ganize in a voluntary way participatory fo-
rums to debate aspects of rural development
and negotiate ways of supporting the process.

This temptation, however, raises two major

risks:

« The first is that obtaining external financing
will take priority over negotiating internal
compromises. With the exception of the cot-
ton regions, the challenges around which the
economic players are likely to mobilize them-
selves will have a limited financial magni-
tude. The largest part of external financing
will go towards the costs of intermediation.



with rural development:

* By definition, they ensure total and rela-
tively homogenous coverage of the territory,
which is not the case of the NGOs.

* They are specifically adapted to managing
basic public services, those that are the clos-
est at hand.

* They allow interventions to be targeted spa-
tially (specific services aimed at local collec-
tives in the arid zones or those that are
especially disadvantaged).

» They can ensure local jobs in public works
(a kind of rural agétip).

Local collectives are thus promising partners
in rural development, especially for public or
social services or infrastructures. Although
their role, by all accounts, is probably going to
be very significant in the medium term, there
are still unknown factors regarding the role
they may actually play in the short term:

« It is generally considered that they must
seek to become self-financing through local
taxation. However, many analysts think that
such financial autonomy with take time to
establish, and that the budgets of local collec-
tives are going to be dominated by external
contributions (from the State or the interna-
tional community) for a long time. This un-
derlines once more the risk that external
financing will override internal priorities.
The State and the administration, while rec-
ognizing the need for decentralization, obvi-
ously also recognize the risk for their own
power, whether at the fiscal level, that of ter-
ritory, or the control they have over the mar-
ket for partnerships with the international
community. The more rights and preroga-
tives given to the collectives, the more the
power of central governments and their ad-
ministrations will be limited, something that
the latter will not necessarily see in a posi-
tive light. There is also a noticeable reluc-
tance to implement the measures and a
vague inclination to maintain forms of ad-
ministrative a priori control while arguing
that these organizations lack maturity.

It is not always easy to find a compromise be-
tween the size required to ensure that local
collectives have a minimal economic and
human base (which militates in favor of the
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multi-village collectives), but limited enough
to maintain a strong ownership, which is one
of the strengths of local collectives and fa-
vors those restricted to one village.

* In all cases, the economic and human poten-
tial of local collectives is very heterogeneous.
The further that decentralization is pushed,
the more the inequalities between regions
will appear. The capacity to manage locally
is a real asset, even if not very visible, but the
initial endowment varies widely and its for-
mation can be a long process. This only
makes it more urgent to act rapidly.

Professional agricultural organizations

In contrast to the collectives, professional ag-
ricultural organizations are more focused and
more selective. They are just starting to get or-
ganized, and they generally emerge around
places or products for which there is a need for
negotiation. The case of cotton in Mali, for ex-
ample, is an extreme case where there was at
once a strong increase in economic value, and
one single interlocutor — technical and comme
rcial —facing the farmers: the CMDT. However,
even in the southern cotton region of Mali,
more than 20 years passed between the crea-
tion of the first village association to distribute
inputs and collect cotton locally, and the crea-
tion, in 1991, of the cotton and food products
growers’ union in the same region, the Sycov.
We find, although on a smaller scale, this type
of determination when it is necessary to deal
with constraints to the expansion of products
with a high value-added (cotton, cattle) or are
more capital intensive, requiring practical ne-
gotiations with public authorities (e.g., alloca-
tion of water and royalties in irrigated zones).

Progress is more difficult in areas dominated
by food producers, where markets are less
structured, the actors numerous and the practi-
cal challenges of the organization less tangible.
In this case, the professional organization is
often the focus for mediating outside support
to technical constraints (support for supplies,
new entrants, stocking, for processing and mar-
keting, campaign credit and equipment). The
creation of the organization is thus more ex-
ogenous and its viability more precarious with-
out external intervention. Moreover, in
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particularly weak connection with the market
and have nothing —sometimes not even their
labor —to sell, are marginally affected by mar-
ket mechanisms. The arid zones are penalized
by the fact that the climatic risks can weigh, di-
rectly or indirectly, on all economic activity.
Moreover, even if the demand of some of the
rural population increases rapidly, this demand
will still be modest and often diluted over vast
areas. This makes it even less attractive to
those supplying services, so some solvent de-
mand remains unsatisfied by the market.
Despite its limitations, the market is still a
decisive force in the development of the rural
areas of the Sahel. Institutional economists
have shown that the market is not a “neutral”
force but an institution that is (for better or
worse) managed by public authorities to
modulate the power struggle among economic
actors and to promote certain groups or devel-
opments over others. In this light, the approach
of the market in Africa is still very innocently
liberal, too mechanical and not political
enough: we must think about the direction to
be taken by institutions that control the mar-
kets, to adapt them to changing opportunities
and to evolving challenges, current and poten-
tial, of the Sahel economy, while continuously
optimizing their contribution to development.

Scientists and other producers of knowledge

Scientists do not, per se, provide an interface
between the macro and local players. However,
it is clearly part of their mandate to give an
outlook on the local situation to national
decision-makers. On the whole, this mandate is
not completely fulfilled: most published re-
search is very focused (by area or subject of
study) and there are few syntheses that can in-
form the debate on the directions to give poli-
cies by describing overall rural dynamics in a
systemic way.

NGOs

Born essentially after the great drought of
1973, the NGO movement was at its peak in the
middle of the 1980s, the period during which
they filled the void left by States in crisis that
had just embarked on structural adjustment
programs. The NGOs offer direct mediation

between an external source of financing (some-
times northern NGOs use their own funds but
it is also often public funding) and the rural
people of the Sahel. This mediation was at first
exclusively carried out by organizations from
the North, followed by northern and southern
NGOs working in tandem. The concept of the
NGO is still extremely broad and, therefore,
vague. It encompasses several functional sub-
groups:

* Southern organizations that group rural
populations together directly. These organi-
zations, which are generally active at the vil-
lage level or in groups of villages of limited
size, play two different roles:

1) A social and public service function
which is aimed at the community as a whole
and is the precursor to the activities of nas-
cent local collectives
2) An economic function which is aimed, in
contrast, at specific interests, and does not
necessarily (even rarely) address the group
as a whole. This function is the precursor to
the activities of nascent professional organi-
zations, which can themselves be subdivided
into unions (to defend and negotiate inter-
ests) or technical bodies (to acquire and dis-
seminate technologies and services)

NGOs, both northern and southern, which
are themselves “private” intermediaries be-
tween international funds and the rural peo-
ple of the Sahel. It is likely that most of these
NGOs will progressively become providers of
services (research, management or commu-
nications) in what will increasingly be a
market for rural development services,
where they will be judged on their perform-
ance in terms of cost and efficiency. In this
direction, Swiss Cooperation in Mali is al-
ready subcontracting Malian firms in all the
phases of a land management project.

Local collectives

Most Sahelian countries are involved in a
process of decentralization, subdividing terri-
tory into local collectives, endowed with a judi-
cial personality and a set of regulatory and
financial tools for intervention. The creation of
these collectives offers particularly interesting
perspectives for resolving problems associated



economic development, it would be an illusion
to think that it can be developed without the si-
multaneous development of the non-agricul-
tural sector. Altogether, the most dynamic
sectors of rural societies are those that are
closely connected to the market, or where
methods of production have developed which
widely make use of modern inputs. The flip
side is that to finance the increased use of in-
puts in the production process, it is necessary
to rely on viable markets. As we have empha-
sized, export markets could provide some sup-
port, but the main part must come from local
markets. Agricultural supply cannot, therefore,
grow sustainably in the Sahelian countries
without the parallel development of non-
agricultural economy.

3. What from Mediation between the Rual
World and the International Community?

We have shown that technical solutions exist
to most of the problems at the root of environ-
mental degradation, but most require financial,
technical, or knowledge transfers from the in-
ternational community. In this light, rural de-
velopment poses a difficult problem: that of
finding intermediaries.

In the CILSS countries, most of the invest-
ments in the rural sector come, directly or indi-
rectly, from the bilateral and multilateral
cooperation agencies, that is between 10 and 20
important sources of funds. On the other hand,
the rural population of CILSS countries is ap-
proximately 35 million, distributed among
some 50,000 villages or encampments. Coopera-
tion with the rural sector thus presents a
daunting problem of intermediation. To link
highly concentrated sources of financing with
a rural world that is largely dispersed, raises a
political and economic challenge of the first
order, and one which gives rise to intense com-
petition among potential candidates.

Even though it is a perilous and unavoidably
sketchy exercise, we can identify the main
categories of intermediaries and the perspec-
tives they adopt.
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Governments, administrative bodies, and
parapublic agencies

These are the repositories of formal legiti-
macy, which makes them privileged interlocu-
tors of international sources of funds. The
legitimacy enjoyed by governments and their
administrative agencies since independence
has gradually been eroded with time. It has
ended up with their interventions being ques-
tioned, first by the beneficiaries, then, in the
early 1980s, by the international community, in
light of the crises—financial (structural adjust-
ments), political and social — experienced by
these States. The democratic renewal that
evolved in the region at the end of the 1980s,
while giving a little lustre back to govern-
ments, has not improved the image nor the
functioning of their administrations. These are
too large, given available resources and, there-
fore, badly and often irregularly paid; they are
often without operating budgets, and unable to
accomplish the public service missions which
they received. History shows that an efficient
administrative apparatus can be an efficient
development tool, but even relatively positive
developments (like the CMDT working with
cotton farmers in southern Mali) show that the
notion of public service still has a long way to
go in the Sahel.

Market mechanisms

These represent another important solution.
Building roads and markets that promote all
kinds of exchanges and encourage the supply
of several types of services, is one way to work
towards rural development. Helping entrepre-
neurs to open new markets is also a way of
helping peasants. Even more directly, Agétips
call on private enterprises to undertake labor
intensive public works, contributing at the
same time to providing jobs and distributing
income to the less qualified segment of the
labor force; these initiatives unquestionably
have a social impact. The entrepreneur’s remu-
neration thus includes the cost of mediating
the distribution of income.

However, if market mechanisms play a pow-
erful role in economic growth, the solutions
they provide are not equally effective for all
problems: the poorest people, who have a
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Table 2. Percentage of farmers, number of consumers per producer and share of food provided by the domestic market.

Parameters MRT SEN GMB GNB CPV MAL BKF NIG CHD CILSS
Total 1990 population (millions) (a) 1.9 73 0.9 09 0.3 8.2 87 7.7 55 414
Percentage of farmers(a) 6536 613  64%  72% 62% 77% 79% 81% 7.3%  74%
Maximum number of consumers per

producer (b) 05 06 0.6 04 0.6 03 03 0.2 0.4 04
Share of food provided by the

domestic market (c) 46% 519 363%  76%  25%  90%  93%  90%  93%  80%
Actual number of consumers per

producer(d) 0.2 0.3 0.2 03 0.2 03 0.2 0.2 03 03

a) Data from WaLtps; b) non-agricultural population/agricultural population; c) expressed as a percentage of total
available calories; d) calculations by M-C. Lasrer using FAO data.

producer. It must be noted that this high in-
house consumption has major structural deter-
minants: there are only 04 consumers per
producer on average for the CILSS countries,
with a top rate of 0.6 in the Sahelian coastal
countries. Even if the entire market in the
Sahel region turned to domestic production,
this would still not be a market large enough to
finance agricultural investment and moderni-
zation (Tab. 2).

The growth of the food market to which
Sahelian farmers have access has several possi-
ble sources, but the best prospects of growth
for Sahelian agriculture seem to lie in the rapid
evolution of local food consumption habits (in-
crease in quantity, better balance, greater vari-
ety) and the capture of a share of the regional
markets; two factors that could go in tandem.

However, this growth is hampered by the
low percentage of buyers and their limited pur-
chasing power, which induces them to concen-
trate their spending on cheap basic products,
with limited value-added: cereals and roots.

This leads us to the following conclusions:

» There is great potential, both human and
technical, for more productive, more sustain-
able agricultural production if producers
have access to regular, solvent demand.

* However, local demand is very low when one
considers the number of producers, which
makes the markets uncertain, both in terms
of prices and of volume.

* Meeting the demand on world markets,
which are often highly specialized, requires a
lot of knowledge which is out of reach for
Sahelian farmers: they depend therefore on
channels set up by intermediaries, either
public (cotton, peanuts) or private firms

(which employ salaried workers directly or

use production contracts).

* The regional market, notably that of the
richer countries of the Gulf of Guinea which
are more urbanized than the Sahel countries,
offer important growth prospects, but this
assumes that the Sahelian countries compen-
sate the disadvantage created by their isola-
tion.

Each type of production thus comes up
against specific bottlenecks: investment made
by suitable intermediaries for exports; irregu-
lar prices and narrow size for recapturing the
local basic food market; limited purchasing
power for diversifying local feod consumption
patterns; isolation and competition with closer
neighboring regions in trying to penetrate the
markets of coastal countries.

The potential for growth and the associated
problems are more or less important from one
country to the next. No country has one major
and obvious source of growth that would fulfill
all the basic objectives: the more dynamic
products are marginal in terms of production,
and the major products are lethargic because
they are still dominated by auto-consumption.

Here again, barring a miraculous solution,
the best approach is to put a maximum number
of farmers in the position of being able to profit
from the rapidly changing opportunities of the
market. Help them form agricultural capital
(land, tools, knowledge), provide the tools —
upstream and downstream —to improve their
production (credit, savings, supplies and mar-
keting), and finally, put them in regular con-
tact with the market (information, roads and
markets, traders).

But if agriculture is an important factor in



difficult to implement and to sustain, as shown
by the example of input subsidies in Northern
Nigeria. A diagnosis has showed that the poor-
est farmers in this area could not pay for min-
eral fertilizers because their price was too high.
It was therefore decided to subsidize these fer-
tilizers. While the subsidy was primarily aimed
at small farmers who produced for their own
consumption, it was even more beneficial to
those who were already active in the seed mar-
ket: large producers or retailers. Consequently,
some of the subsidized fertilizers went on the
market in Niger, enabling some retailers to
profit substantially, while the rest was used by
the most well-off producers. As the subsidies
only applied to a limited quantity of fertilizers,
these products became increasingly scarce on
the “free” market, its supply more uncertain,
and the prices higher, Overall, the precarious-
ness of the poorest was exacerbated and social
differentiation was probably accelerated by
this measure.

This is why, in supporting the most vulner-
able groups, we must attempt to improve the
access of the poorest to sources of income
and/or factors of production, while taking into
account the forces that have contributed to the
marginalization of these populations. We must
look at all the solutions that allow the most
vulnerable groups to develop their resources,
and we must not think a priori that this has to
happen only through direct agricultural pro-
duction. Comparisons with Asia show that
“poor” Africans depend much more on agricul-
ture than their Asian counterparts, but this
does not mean that it is their only prospect for
development. All labor-intensive activities
should be promoted, including non-agricultural
ones.

From this point of view, access to training by
the most disadvantaged groups is probably a
priority. We must not, however, overlook the
difficulty of this task: the poorest groups are
also those who can least easily do without the
value of their own labor or that of their chil-
dren, even for an investment that would be
profitable in the medium term.

In all cases, when it means acting at the mar-
gin of social relationships to reinforce the
weakest groups, or dealing with cases of
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poverty, the main problem is not so much the
cost of meeting the basic needs of the popula-
tions concerned as the costs of intermediation.

Offering more opportunities to agricultural
producers

If agriculture is to become more sustainable,
it has to find more markets to finance capital
investments, including soil fertility. The prob-
lem of Sahelian agriculture is its low level of di-
versification.

We have said before that rapid production
growth rates can be achieved if one offers rural
people profitable work (competitive with the
alternatives), reasonable risk, and help to cir-
cumvent the technical obstacles raised by the
demand (access to seeds, to fertilizers, market-
ing assistance) (see also, for example GUYER
and LAMBIN, 1993; MORTIMORE, 1993; HOPKINS
and BERRY, 1994; GOLDMAN and SmiTH, 1995).

The problem is that these conditions are not
often met in the region. The two main export
crops, which typically meet these requirements
are peanuts and cotton, because they have an
easy access to world markets. But they make
up only 13% of agricultural GDP. Export diver-
sification is increasing, but with the exception
of The Gambia and, to a lesser extent, Senegal,
it does not represent a significant part of agri-
cultural production.

As a general rule, it seems that the penetra-
tion of new export markets, for the most part
highly competitive, is either the domain of rela-
tively large firms, which have a salaried work
force, or is accomplished through production
contracts negotiated between entrepreneurs
and small producers. There, the limiting factor
to develop outputs is the entrepreneur compe-
tence and its willingness to invest in agricul-
ture.

Prospects in the domestic market

The domestic market of Sahelian countries
represents the largest part of agricultural GDP,
but it remains primarily characterized by very
high rates of national self-sufficiency, except
for Sahelian coastal countries (Senegal, The
Gambia, Mauritania), and by a high rate of
households auto-consumption: the average
market served is currently 0.3 consumer per
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Table 1. Percentage of area under the 600mm threshold of the CILSS countries.

MRT CPV NIG CHD MAL SEN BKF GMB GNB CILSS
9%of area 100 100 97 84 80 45 21 0 0 84
%of rural pop. 100 100 84 31 41 44 15 0 0 48

Fig. 1. Map of the area under the 600mm threshold of the
CILLS countries.

* Promote adaptability to the risks of drought:
mobility (of livestock), economic diversifica-
tion that is not closely linked with local agri-
cultural raw materials production (of which
migration constitutes the largest part today);
encourage flexibility in economic manage-
ment and develop forms of insurance that
are adapted to an increasingly monetized
economy.

This adaptation to risk is already well devel-

”

even in those rural areas considered “rich
(cotton growing areas), 15% of the popula-
tion belongs to the group corresponding to
the poorest 20% in the country. This propor-
tion rises to 30% in the northern and south-
western regions, the most disadvantaged.
Extreme poverty appears therefore to be a
phenomenon that is diffused spatially, and
linked more to socio-economic factors within
the groups, than to factors of a primarily geo-
graphic nature.

The income of the poorest is essentially
devoted to food (63% of the income of the
poorest rural quintile, compared with 46% of
that of the richest rural quintile in Burkina
Faso).

Among the poorest groups, what appears to
be income corresponds in large measure to
self-consumption (around two thirds for food
as well as non-food consumption in the case
of Burkina Faso): their financial capacity is

therefore even more limited than their appar-
ent income would suggest.
In these groups, expenditure on essential
services like health or education is particu-
larly low (1 to 3% of income in Mali, depend-
ing on the region, and 5% in Niger).
In treating the problem of extreme poverty,
one therefore faces several problems: the dif-
fused nature of the phenomenon, which affects
all the regions to significant degrees, the
largely endogenous nature of this poverty,
which is as much a product of the evolution of
these societies as a consequence of the eco-
nomic and natural environments in which peo-
ple live, and the low market participation of
the groups studied, which makes them particu-
larly difficult to reach through broad measures.
Initiatives whose aims are specifically to re-
lieve extreme poverty are therefore often local
and “interventionist” measures, in that they in-
tend to counter locally the spontaneous evolu-
tion of the societies.

But we know from our previous interven-
tions that all interventionist measures are very

oped among the population, and it is important
to be careful to avoid thwarting it by exoge-
nous actions and to safeguard it when it is
threatened (mobility of herds, for instance).

In all cases, we must take into consideration
the fact that the arid zones often have limited
economic potential and that they are natural
emigration zones, whether on a temporary or
permanent basis. Intervention in arid zones
should not necessarily work to counteract this
migration but rather seek to provide those who
cannot or do not want to leave the region with
the means to live there in dignity. Emigration
of a part of the family has always been, and
probably still is, a method adopted by societies
themselves to achieve this end.

Facing extreme rural poverty
Based on our review of several surveys, the

following conclusions can be drawn:

» Poverty is influenced by the natural environ-
ment (drought) and the location in relation
to the market (remoteness), but it is also a
product of social factors. In Burkina Faso,



Sahelian agriculture is growing slowly on aver-
age and its resource base is diminishing.

There are, in fact, three structural problems

that contribute to this mixed results:

aridity and highly unpredictable climate,
which prevents the production of most ex-
port crops in some areas, and makes most in-
tensification packages unreliable under a
minimum rainfall. Typically, 600 mm rainfall
is often considered to be the limit under
which aridity and climatic risk becomes the
most important risk faced by agricultural
producers.

the acute poverty of a segment of the popula-
tion, which has no access to factors of pro-
duction (land, labor, inputs, funds, markets,
know-how). Those involved are constrained
to mine their natural resources to survive,
which brings them into a vicious circle of
poverty and environmental degradation.
slow overall growth, limited division of labor,
low diversification of agricultural exporis,
which means that markets are narrow, that
they cannot pay for a broad agricultural in-
tensification, nor give off-farm, urban em-
ployment opportunities to the rural mass.

It is these three factors combined that pre-

vent a faster growing and more sustainable ag-
riculture in the Sahel, which means that there
is no easy solution to the problem. Let us come
rapidly to each of these three problems.

Facing aridity

Aridity is the most obvious and specific

problem in Sahelian countries, although it af-
fects these countries to widely variable de-
grees. The root of the problem is climatic:
insufficient rainfall that varies considerably in
length and area, renders the outcome of rainfed
agriculture very uncertain. This aridity has
significant economic and social consequences:
it discourages investment in agriculture be-
cause of uncertain profitability; it encourages
migration because of the length of the dry sea-
son and the limited employment opportunities.

The definition of the zone where the climatic

risk becomes an acutely limiting factor in agri-
culture varies with each author. If we take 600
mm as the threshold of aridity, it can be seen
that:
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The area affected by aridity covers the ma-
jority of the CILSS area (84%) but concerns
less than half the rural population (48%),
and only a third of the value added of crops;
while we were not able to calculate it, the
proportion is undoubtedly higher for cattle
production.

The degree to which countries are affected
varies considerably: it spans the whole of
Mauritania and Cape Verde and almost all of
Niger, but not The Gambia and Guinea Bis-
sau.

With the exception of Niger and Mauritania,
the arid zones represent relatively specific
areas in a broader national context.

Cattle breeding and irrigation play a signifi-
cant role in these zones. Rainfed agriculture,
being too uncertain, is generally restricted to
subsistence production.

These are areas that have traditionally devel-
oped mechanisms to protect themselves as
much as possible from risk: a long tradition
of migration of populations in the dry season
(the Sonink of the Senegal River, the Dogon
of Mali, the Mossi of Burkina Faso, etc.); the
mobility of herds, the importance of
transhumance; and extensive and dispersed
farming methods to reduce the economic and
climatic risks (Tab. 1, Fig. 1).

The response to the problems of the dry

zones revolves around two complementary
strategies:

* Reduce the risks associated with drought. this

can be achieved through better control of
water resources (irrigation and other hy-
draulic works, managing the slopes to make
better use of water run-off (half-pipes..) and
improving the drought resistance of plants
and animals (research on and diffusion of
adapted varieties and techniques). Reduced
drought sensitivity sometimes occurs
through less direct means than one would
think. Dutch researcher BREMAN (Oral pres-
entation at Seminar on “Agricultural Intensi-
fication in the Sahel”, Dec. 1995, Bamako) has
shown that, in the Mopti region of Mali, the
primary limiting factor to grazing activity is
not water, but phosphorus, whose scarcity
limits root growth and prevents full exploita-
tion of limited rainfalls by range grass.
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associated with ecological features or produc-
tion patterns, will have a growing impact and
gradually take over market location: the spe-
cialization by regions and/or by-products that
can just be seen emerging in Céte d’Ivoire and
Nigeria, may develop and increase throughout
the region.

A gradual but profound change in farmers’
rationale

Analysis of farmers' practices shows that
changes in rural societies echo more general
change in West African societies. Although the
old rules still have a strong hold, rural society
is undeniably shifting from a society domi-
nated by a subsistence paradigm to one driven
by the market economy. The technical, eco-
nomic and social operations of the old farming
systems are being undermined and forced to
adapt to changes in individual behavior. It is
important to note, however, that these changes
are not taking place at the same pace. The tran-
sition is happening as a change in the propor-
tion of peasants involved in commercial
agriculture relative to the one in subsistence
agriculture, rather than as a uniform change.

As the market economy expands into rural
areas, the production factors become more di-
verse and increasingly based on cash. A market
develops in land, in labor, in organic matter, in
the supply of farm machinery (such as the rent
of tractors).. causing farmers to make more
and more subtle decisions between the techni-
cal opportunities they are presented with.
There is obviously not one good solution for
the Sahelian peasants. On the contrary, differ-
ent needs in different regions and different
types of household are arguments for offering
a wider range of tools and technical solutions
for farmers, rather than one-size-fits-all solu-
tions. This, in turn, presupposes shifting the
role of the extension worker to that of advisor
for farmers.

Deep changes are also occuring in the social
field. The family, which is the basic institution
in farming, has always been faced with the dif-
ficulty of getting its useful hands to return to
the farm during the crop season. Its control
over crucial stages in family life has enabled
the family to maintain its authority over the

young labor force. However, families are being
increasingly forced to compromise with mar-
ket forces, or risk seeing large farms break up.
Generation conflict also shows in the frequent
break-up of the farms of large families.

These increasingly reserved relations within
farms are accompanied by similar relations be-
tween farms, some of which are becoming
marginalized: the richest farmers lend their
ploughs to the poorest in return for labor at the
peak labor season, or they lend them cereals
with a high interest rate over a few months,
and differentiation quickly increases. Signs of
a nascent rural proletariat can thus be wit-
nessed, not only as a result of the adverse natu-
ral environment, but also as a product of the
very functioning of society.

The difficult task of managing the transition
from subsistence to market economy

Every Sahelian country, without exception,
is now a mosaic of widely varying situations:

» Some groups of farmers have managed to ac-
quire the skills, tools and capital to respond
quickly and effectively to the varying oppor-
tunities in the market.

+» Conversely, other groups have not managed
to get that far, either by not having access to
the market; by not being able to take advan-
tage of market opportunities; or by develop-
ing non-farm strategies rather than growing
surpluses.

These two groups can be found in every re-
gion with the balance between them varying as
a function of economic and social characteris-
tics of the region. This wide variety among
farmers clearly raises management problems
for national policymakers in charge of agricul-
ture and rural development.

2. What are the Implications of These
Evolutons for Desertification Control?

We hope that the preceding comments have
helped illustrate that Sahelian agriculture is
far from irrational, and that Sahelian peasants
are far from inactive. We have examples of
rapid growth together with examples of sus-
tainable production, both with capital inten-
sive and labor intensive means. Even so,



dominated by a host of marginal players and is
structurally volatile and unremunerative.

Most rural dwellers, therefore, have pre-
ferred to diversify their activities rather than
increase their food output to achieve surpluses,
and their food crops are only intended to cover
all or part of family needs. This strategy has
been encouraged by the rapid development of
non-farm activities associated with local trade
(processing farm produce, crafts) and urban
development (trade, migration, etc.). Surveys
of the Sahelian countries (6, plus 2 for northern
Nigeria) in the 1980s show that off-farm in-
come varies from 209 to 64% of total income,
with an average of 39% (READON, 1994).

This does not mean, however, that rural
dwellers are systematically abandoning farm-
ing. Wherever possible, they have grown crops
which have profitable and guaranteed outlets
and easy supply of inputs. Export crops like
groundnuts or cotton, which typically meet
these requirements, have therefore expanded
considerably in a number of countries, even
where food production has developed slowly.
When they have reliable access to food mar-
kets (where outlets are sufficiently regular and
profitable), rural dwellers develop real strate-
gies of commercial farming of food surpluses.
As noted by CHALEARD (1994) in Cdte d'Ivoire:
the farmer’s behavior behind the increase in
the food produced for the market is no differ-
ent from that which led to the expansion of ex-
port farming: crops develop in so far as they
provide a reasonable reward for work.

As long as land is largely available, farming
develops primarily by extending the areas
under cultivation, which is more cost-effective
than any type of intensification, because it
maximizes the use of natural resources and
saves capital and labor. Conversely, land scar-
city resulting from population growth and area
expansion gives rise to various types of intensi-
fication, using more capital or more labor per
land unit. Any technical change is usually a co-
herent response to variations in a number of
parameters, including access to land, markets,
techniques and the financing needed to use
them, or the economic and climatic risks of one
form of farming rather than another. The geo-
graphic variability of these parameters
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throughout the Sahel determines a wide vari-
ety of systems, differing both in internal dy-
namics and their relationship to the market.

Finally, it is important to pinpoint that, de-
spite increasingly varied opportunities, many
zones and individual farms continue to have no
access to the market, because of their relative
remoteness and the small size of the overall
market when shared amongst farmers: better-
run or better-placed farms, or farms exposed to
lower climatic risk can meet the solvent de-
mand for these products. These zones continue
to be oriented mainly towards home consump-
tion, with varying degrees of economic diversi-
fication, often via migration.

Medium-term trends are likely to increase

specialization

Although the speed of change is hard to pre-
dict, we know that further changes which will
necessarily affect the functioning of rural areas
are highly probable:

« A gradual saturation of land resources, as
rural population density increases and farm
equipment becomes more common, particu-
larly in areas well connected to markets, and
a rush on the last "virgin land” as it is opened
up or cleared of major disease.

» An increasing proportion of town-dwellers,
due to rise from 40% to over 60% of the
population by 2020, and from 30% to roughly
50% in Sahelian countries. The increase in
the share of farm output brought to market—
over half by 2020 — will help to make markets
more stable and predictable.

* The development of the domestic market,
which will be likely to improve the condi-
tions of trade, reduce transport costs and
therefore reduce the geographical rent that is
now dominant by extending the supply areas
of the major cities.

These changes will probably mean the devel-
opment of more fluid and stable markets in
which competition will be fairly fierce. As mar-
kets increase, both in area and as a proportion
of total output, so economic risks should be-
come lower, making possible the implementa-
tion of technology with reduced profit
margins: the price of food will thus tend to fall.
In these conditions, comparative advantages,
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Transition from Hunting-Fishing-Gathering to Agriculture in West Asia
Takeru AKAZAWA®

Carl SAuEr (1952) proposed, based on a well-defined consept, a logical framework to explain the historical
background of agricultural origins. Six conditions necessary for the transition from hunting-fishing-gathering
to agriculture were proposed. Of the propositions, the societies concerned must already have an affluent eco-
nomic base, they must be sedentary, and they must involve potential pre-adaptations to agriculture in technol-
ogy such as compound tools, grinding equipment, and storage facilities, and also a combination of these
repertoire of knowlege, skills, and methods must be testified under an environmental condition characterized
by a wide rarge of plants and animals. Sauer's insistence points in the same direction as Kent FLANNERY'S
(1369) suggestion that a broad spectrum economy lies behind the emergence of early agriculture.

The entire process of transition from hunting-fishing-gathering to food production agrees with the working
model of broad spectrum revolution which occurred during the terminal stage between Pleistocene and Holo-
cene. FLANNERY (1969) proposed, from comparative data of early West Asian domestication, an exploitation
system of hunter-fisher-gatherers changed from "narrow spectrum” to broad spectrum.

“The trend is rather from exploiting a more narrow spectrum of environmental resources to a more broad
spectrum collecting pattern characterized all subsequent cultures up to about 6000B.C., and I would argue
that it is only in such a context that the first domestication could take place. It is a pattern in which eve-
rything from land snails (Heliz sp.) to very small crabs (Potamon sp.), and perhaps even cereal grasses, was
viewed as potential food. It was also accompanied by a number of preadaptations for early cultivation.”
(FLANNERY, 1969: 77).

Conversely, the procurement system of agricultural societies again became more tightly regulated by the
seasonal scheduling demands of selected major productivities. Such agricultural innovation would have been
a narrow spectrum economy. Special attention should be paid to the fact that the crucial point in mediating the
transition from hunting-fishing-gathering was the extent of land-human relationship in space. With the highly
developed agricultural efficiency, the adoption of food production threatened the land-human system.

Key Words : Agriculture, Hunting-fishing-gathering, Broad spectrum, West Asia

* Tokyo University Museum. 7-3-1 Hongo, Bunkyo-ku, Tokyo, 113, Japan.
(Recived October 14, 1996 ; Accepted December 12, 1996)
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Special Reports 1I
Archaeological Sites and Environment in the Deserts Viewed from Satellite
Images, Archaeology and Historical Documents: Turpan Basin and
Khorezm Area—Introduction

Hidehiro SoHMA *

This special report carries the papers presented at the Symposium on “Archaeological Sites and Environment
in the Deserts Viewed from Satellite Images, Archaeology and Historical Documents: Turpan Basin and
Khorezm Area”, held on 30 November 1996, at Nara Women'’s University, Nara, on the occasion of the 5th
Autumnal Symposium of the Japanese Association for Area Land Studies, under the auspices of the Research
Center for Silk Roadology.

Since the launching of the first earth observation satellite LANDSAT in 1972, many satellites have been
launched and the satellites data available for various fields have been remarkably improved in both quality
and quantity. Corresponding with the widespread use of the satellite data, “Space Archaeology”, a new inter-
disciplinary science in archaeological research from the space, has been opened. The first International Sym-
posium on “Space Archaeology”, with six presentations from abroad and six from Japan, was held in the
autumn of 1994, at Nara.

The 1996’'s Autumnal Symposium, focused on the Turpan Basin and Khorezm Area near the Aral Sea, was
held as the second one on “Space Archaeology”. And this Symposium was designed to concentrate discussions
on these two specific areas along Silk Road, with combining the views of different science fields such as archae-
ology, history, physical geography and environmental studies through the satellite images.

It is confirmed through the discussions in the Symposium, that both further improvement in analytical meth-
ods and techniques of the satellite data and comprehensive examination of archaeological sites from various
science fields are needed for the further development in “Space Archaeology”.

Key Words : Space Archaeology, Satellites data, Turpan Basin, Khorezm, Interdisciplinary science,
Environment

* Faculty of Letters, Nara Women’s University. Kita-uoyamachi, Nara 630, Japan.
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DHEN | DBE Lk & EAR AR L s s hi.
745 THIBRERNICRTEREERLEL, vy
) THIE TR 7 = A+ BMIE Y A v FTHETES,
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EKMRETH OSELER 2, K3 iRY. mEl
WM ORRIMERIIMNT0H~2 § -V TH B0, 0D
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L BZKANDERER > TWAHELH 3.

Wit REE A~ L ERS X TR’ BR



165

Fl. o XFRY EMOLE ) & BBIEE

Hl il B LMt Lo Rl i i o 4] 4
HISHNISy 2 FRAE, /N, KER ) (AL i
F L XL HITE, N, KER B LIS
T Fone FaHA fi{E, hE HH Hh
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4. HEEAMEST L 2oBRTERD (R 2 2 M),

HMELBVWRBPHEAHOEEE T LT YT » 5
TOBEKRAH S, LhL, CIhoioh sk
kBRI S h T A LHORIEIR, 73 Vi~

Ot AR O BB O Al 2 a3 2 B R & 1 5,

EASIckdE, FLXLMEDR 7 2 TCORD, S
BB TOREE LMWL TAS &, HIXeKTOE
SO TR ] 1302~025 L HEE &N, LML
KFHAEEEhTO A ERELD IV, S8, Wil
75 ORUKIAIEME & 272000, 1) & JEpHh
OHECE, 2) REKEEEOHRE, 3) KEFHEKH O
HESLIS EDMBEMAIRIHSh TV B (FH, 1996).

3) EELRELEE

HAEIZ LT &IkAfic LT b RRic ik & g - 4
HIEYTH B, HfEREIC 1 740-1,010mm/year, 7KER
T 2,480-3340mm/year DIKASHBEE T TW 5B
(Zuu et al., 1991), FEENOEER LhiE, SHHbTERK
H o Bify F Ak it £ 3,000-5,000mm/vear & A7k A2 %
BUcRHEL LT3, obic, HEE{LAHET L8
HiclREHD ) — 5 v 7 Oz fERH i im0 i
ETEVWHETHE S, AROFKENTELES S
MENEEFNRTVWAEVAS, Z0X5H [Kofivg
| BT S AMBEBORNELIZS LEBRO—EEZ S

hTWwa, Fi, SEHADEHTAROKEGHERT NI,
HkRR TRt o b 2EET 5. 4TI, 73
VR OEIEN T S, & 5 W idkK T 5L
2k - THHERRGE L7 et Bl L T 0, gk
EER A OTIME T BB LA TV, M4BT AY
)7 o R 2 2 ToMIENTH 20, NHTH 5
bbb od, Bid30k v FI3ETHD, HEHDL
bErTHS BETHREEEHRLTWA 7 2T+ &
iz l~hid R e, HEHTS D0 1 BETS 3,

4, REEIC L BBUEHFE

T Vil O BSIEE A G Ui BT E S -
TEOEECIESF RS EFshTtwvws (dhk
1991). &AM, thit7 o7 ToMEHH oEELH
iR Lo fERR shivwosBlikth 3. BHX
N MBOMEPHRROEKT RBEHRI L xh, &
okt AR IhTLRL, F BN OB
guold 2 AR RAAREhEZ L3P, Hlo
FIEHTAWI 7D & T, RESEIE R A BRIEIN i o 7 5 g R
MELTRESNEZ ENE LSS, Villfih S okhsy
P, REERGIHRG & o RO AT aMc T
HEL Mo fehs, SHBHE T — yORENBHEENE L
ZATHA.

ARAERHS (T R] & 5 B3R I 5 1) & Beehil, kAR
BT S hAbETh b, Co5 b, BEENE
AglEiec Liz& LCHEES ML LT, HiEH
DO v R{LAY Butifos (M15) &3 of
FHRLAWMTH A BHC & DDT Hi¥iF o h 3. BEEA
DE# L Butifos A2 E#EM TH H, BHC & DDT
itttk EREHATH 5. Butifos 3lEICH
WTlb-EHEMEH, HYEs &R L bEmE
T, Wit 23, 2 uh Ty iR
EFRTE, UAXRNFRIUDOLOWMEICLS L,
Butifos Zfif] L/coBizid, HE2&K&x bk B3 ERMY
B ORI B UE Y, BtREROT LALF-RIib%:
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oL i, RESESENSD, OF R ¥
BCPER L, & icFticyt L TiBEREEBiET 3
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Butifos 2851k A hit b ¥ D FFic 4 3 HEA i
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Ay E LTERAEIh TV, CoFRERROT
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bEREA, T7IrEBHEROANIK, #TK #KkoF
BME L O TS TEL H¥ 725y TOM
Mft%4 3 &, DDT oW TIZ19654EH 5 19744E 5 T
DERPHERTE, 19605 T2 4MH]1,000% 52,000 +
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&, 19923 TORALERIhTVWS (AHED,
1995).

A¥7 Ry IFIEBENET 7 3 —H1970ED S
19938 & TIcfFH - oy ) 7o F Ik @ BHC
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7 5 VIRHIR T HZMELS & hio 01319605
S19705ERTH b, 1980FERITIT T ORI RS ICHE
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3&, WHO (HHFRFREBHRE) oRMKKBEXF L F54
v EPA (7 » ) #RBIRER) OREPKERICI L
THI0OAD 1 LTIy d 5. L L, 1BYAEoki
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Environmental Problems Caused by Large Scale Irrigation in the Aral Sea Basin
Norio Isuipa*, Yoshiko KawasaTa®, Shigeo TsunMura® and Hiroyuki NakaHARA®

In the Aral Sea basin of Central Asia, the water-cycle has markedly changed due to the development of large
scale irrigation agriculture, which had been designed and developed by the former Soviet government to foster
cotton and rice cultivation. Vast quantities of water taken from the middle reaches of Amu Dar'ya and Syr
Dar'ya resulted in a rapid decrease of water flowing into the Aral Sea. As a result, the alkaline content of the
Aral Sea increased and the biota, in particular fish fauna, heavily deteriorated, since the Aral Sea dwindled to
approximately half it's previous size and the water quantity markedly decreased. All of these environmental
disasters, coupled with enlargement of desert areas, are now called as ‘the Aral Sea Crisis’. Here, we critically
review various problems, such as failures in water management, soil salinization, human health and so on, in
the Aral Sea basin.

Key Words: Aral Sea, Large-scale irrigation, Desertification, Environment

* Graduate School of Agriculture, Kyoto University. Kitashirakawa Oiwake-cho, Sakyo—ku, Kyoto 606-01, Japan.
(Recived December 28, 1996 ; Accepted January 17, 1997)
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R U X LOBE

K

. #C&I

FLZXhL (K5 XL, 77-)ZXL) BREZOILE
BRI XRF Ry yHHEDODDHS AN 25 VY
BIFEICE L, BEEMIRILC 9 X<+ 24 viIE
DELVXLME Lo VI 2 =25 VMBS RBLTYL
3. COMBOELSERTHSE [V XRIA] Eidvl
DEHROL LIEOHE N L HFLVWEESERTH
38, bEbLiRtAPSBAL TELAHKE (it
Nak) ELBOEEBME (Eic15 %) MR
DE-THRSNTWS (MR, 1996:246). £k 5
ANRIANE P VT 2 AbERE P VIROBERE
ThH 5.

BRESEEBHELMNBEL TV ARREBERIZS
DPLEIH MO TELDOEM, F0 i3t L Xohk
HTLAMBENNREZRNETCIRTRENS, s X
LDFEHTHICIE 57 LDBEMIENMD, ZORICIR
LK TNFEP 3 < b 7 LRI D £ 7 & R HHEH
M3, ZICRBLLHI6 TELEL OV 24 by ¥ X
L7 & DEEBS UMK I T WM, ChidE oI
EEDA 5 v EROFABLITBR L T,
Chitl, ®v XAt -BHICR*FINVT &Y
BBIEMY, EoiIdbictEDdE Ly ) vYERBITHY
725 vOREFHIBICES, £ IITRAT4 ~ 3TELL
OB EELIERE T AL T, B 1 THELU
BIEBEREMNERLI LD THEHEY - HA - BhA~NE
HBAIcZHZ @2 LS 3,

~k, FVXLEDHDRT L) YOfEDHTF
FiILk-T—ARF7 Y REERLTED, EELBHE
HEEhB3DIEL TV,

DL BENBNGEE b R L XLy v Y
V.M Masson iz [RTLEWEKRKEOBICBIT 3
MXHOME | LIBATWVWS (v VY, 1970:173).
(&) MERALT 5 DR | TEERL T LIBEO & TH
3506, ThLGiOREBEOHEKRD bOND - 1265
bEDTERLS LThiE, NEsHHicEsHAeER
Pt o B ), MR EEEOER] L TOEVWETAL
HbEWVWTHA9,

e %

KETHULDO LS BEEHE b DR L X ADELEHE
BAOINETORREMBSEBELTAR L.

2. RULZXLRRBIZELTHXBEOES

F U X AICBT 2 EHFEAIZI20FENRKS SED S
nichs, LKICI19384EL S 4 LEM, P X b7 (SP.
ToLstov, 1907-76) %thilh¢ T 23 WEMN KIS LRRE2E
H AT (ToLsTov, 1948). COHEHBFR L XL, T4
LETLS VY THIBERFINVI &, 157 200D
MRELTVAY, BAOHMIE, + L XL0FE-
BOBEEZHOMICL, LOLIUHRICE T Y A%
L, ZLTHEELTV-ADhEWSBIEIEEL 3
lEidofe. BEMCEHROFMY 27 4 L
7 v 2EROHLFIEORMEN T — = & 185 72 (ITINA,
1981:5).

BIRARBIC K 2T EET, WEHCILX 70
FHUD s LiIcHFHAMBB S ALY, BT k%L
Bo>TEHS [FLXaEdhS . BEFRAHEAR] &
HZHoh, SSCARMNEROAREGBMT 2L
ot FiovHlTRIZUDTRBOERPRIRICRIT
BOABIICHAS O, HEF—<bIEMD, T4
Y VEROBRKOZERP, #HRELA7 v AEERE
OBk, BRELS T OHUROEE « {LOT TR L
@a, BECOHRICHEUCERORHEME I TRAK
(ITINA, 1981:6).

& ATHAROMBECIHFEKOBAER, b- &HE
MEMEL FE(EMb->TW £hiz, 2EEmBEy
<) TOKADKERHL THR7 V7B HIEVS
BRIEEHE, WbwWwa [Ville k7 a2 kSoyuz
vod-proekt| D L THB., hR7 I 7HBIIHELSE
H/BEDOE/ Y —BEBEEO b & TRIERKEIR & 61
EBIoh, TOMDICKHENKERRT DT L -
Y VERNCERHRIEL ¥ 2 P AABO R SARESH
fo. ESITWBEIS00F~27 9 —VOFigt2ERT 2
i, YRYTHOKEZATSEVSMEANERE
e (TINa, 1981:7), £ LTHROMMMEERL T
ZFON—+ESPROMMMY R F AICFHBALELS €L
OTH5. L LRBEKEASEHFLEREUrRTVE
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DR EIX, vHMOPRELE & HITRBBHEL .
STHBROBEDORKRIZIG2EI VR F 7 DEE
FAo92EP 29N FROERFNVIZELE-T]
(ToLstov, 1962) & LTEbDLN, & oicH#iET Trudy
23 19524ELIk Ch & Cici6f, kSR Materialy ¢
19594E LR 10T & h, £0RMICLBABIMEICL -
TEHOBRTAPRIMNREREShTVLS. £1FEHG
1989fEic2 2 X 3D Y V7 u— FEAERO—RE L TH
VX s EGN, W >hOBEELEBEEN TS
EMTEL RickBOsLELHEPHOBRLE
SOTHABHRUEO XL E BB EERRICE &
BTHES.

3. BEAORBRMEELBE (K1)

1) HABHKL=7IF 2 5 Kelteminar X4t (&I
4 ~ 3 FER)
FUXLAMIRIZIZEAEMEETH LM, HE—T LY

)Y OMNEXZELHD LS ICHEBZENI00mD 2 v

4 v=9%74 X Sultan-Uvais (FLBANVF V=19

4 X=# % Sultan-Uiz-Dag) DOIUMMBHEAGIZLEH > T

AbRE»->TVWS, BETLYY YR OLOFER%

EhTWwaY, boTEORMEHNTE -3 CIEEL,
T3 NVBIREVWTWIENS -2, 2OIEFKIRT 2
F v+ ¥V ¥ Akchadarya &FRIIhTW 345, D)
CFARERL S HRBHRRIC L I TOMBBRP LT
W3,

FoREFMIPEIE, ¥+ ¥/¥Z =75 5 Djanbas-
kala (§ij4 ~ 2 tHCOBMRAL) OFHIcH B Y v /¥R
41 S5ERITH B, COEBIBKKICE > BT I
ABLENY, litRoFTHDbh Y, FELED
i, REoER, FBRAEETEHEOIKTEL, 7
5 V38 (26mX17Tm) TREWI bt &
BoBEWIA#ETREIR8 ~10me#EEEhS (X2).
ARMNARIKRESh, ChXELARFALELCLhS,
B I ERD I WAV NP B0 F, BUKEED R,
13, GHEBREENTVS (ToLsTov, 1962: 30).

COXALDRBICRAYE e A7 L—s3— « [QER &,
R REAOLDRB A, Yo sNnT v FPER
DB B - WEOFLEERTHERBREShTWE
W (SARIANID], 1992:122),

T ORFBAQBRICIRIZOIC Y v v/¥ 2318 (B
[tz b 7R D, - RIBTRAIT 7 15,
T8, Y+ 525, 11BEEMHS.
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] 93 8} N :/3 $§
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i % :ﬂ&rﬁ? L =T
w4 ! "rﬁ——J 2 N /
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| i p” é"‘P‘ M le
! 0k NohH
1 =/t \J
| mmovsmp LLAVRD
f‘ EEA:iT5)
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B2 ¥4 SEEE (Toustov, 1962)
I, Ehkoadh - 1, B, 2. —ifomil, 3. <Ea, 4. (Faolhiily, 5. Szvohl, 6. i
7. {EiEhE
1. BROHERL, 2. HN, 3. EaFEh, 4, i kbd

I #0735
. {EEoft
TLY)YidEhDTT 7 I CD LTFRTHE
KR EEZELZTHNTWAETELHD, 2OF Lot
Wilkld o XA Uzboi EFEEH TV AL, < OIHBH
Mo b s 3 ks &b THPL L 3bbils
% o TW/z (MassoN and Sarianip, 1972:73), & 6
A7 25 O« B oHificbr vy 3 F 1
ALDIEE - Tz & LW (DeErevyanko and Dory,
1992: 185-188).
WHoXLoERITO W TR, C-UERICESC
Tz by yALOFER E DB E S 6 ~ 4 T4

HedTa0bd s (KoroBkova i Masson, 1978: 10T,

VINOGRADOV, 1981: 119; SARrIANIDI, 1992:121).

2) HRBBEK=5 /T ¥T Tazabagyab it (A1

2 F&EfD)

I Y (A N 1 [ NV 13 A el = 5 AR 1
TEASNARBLHEEMES YLsBbhik. ThizR
Y H v Suyargan 3{k & A h 3 ) Kamyshly 3C4E
EFEER, SAMEABRoXXbETaRbEH 3
(ToLstov, 1962: 42-47). Z@EFIc>\WTIE, MEHE
Jae (TorsTov i ITINA, 1963) & v 3 + A 3{kic

EHhDIELET B (ITiNa, 1981:8) A 5.
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3.

NI T DL, (ItiNa, 19772)
a7 F ¢ 155M%ENE 6 B{EBIEHME. X7 —vid Sem.

CO3ALIIH 2 FERLL2KkiIchi-- TVt Bbh 3
B¢ (ITINa, 1977a:19), A2 FELOPEIHF L XL
BEbN 3, FNGHRBOMPEEEL EEMHS Y,
HABNAROEEEL N, ST Y TELEFT
hTwna,

TOXLOWE D 5 34PE, FhiCROBBRR
Xh3 (MassoN and SARIANIDI, 1972:149), F/ /i T
DBAHICAOHWAER L URPHBT LR LT
VAT EAS, BEAEDATOWAAER bSO T
W3 (MassoN and SARIANIDI, 1972: 149),

BEOEDIC T CHBEEEBBIThh TV G LWL,
ZhEFEETREL LK S K, MBETHREND -
1E3 3R bHSH (MassoN and SARIANIDI, 1972 :
149), bR b7 REREFERBRE CRKICHEH> T
&#% % (ToLsTov, 1951: 180).

FEEAIZ 75 v HAET, F5iE10mX12mA» 512m
X156m<¢SWTH B, HEMTRATIRH 20, THIRER
<izv, ADRHELMFEEICH S, AORKAPVE-
TEBOhRITIIFENS B, TOELICRIZLAEM
LRI VED, VR 7RENEEFHTREN
W (TRHEBRAD) FEEZLTWS (ToLstov,
1962:50). —%, BERICIIZ ORPHKDOSLEMBRS
h, DYoL,

EERU B, LT 2 8MohTLE IKERTX
2R31HBT, HROWMBTY 7 ¥ 7 P=Afcls & o
EYRBHRFRINTLEH (K3), TOXRPHEER
EAHERFHE DT ~ F o / o+ Andronovo XL X v
7# < Srubnaya (RESED) X{tot#Eozh (&<
HIE) L EbHTEY.

PR b7 IREF ST LRI VT I FAX

{bDBEEOKRKSE & & X 1245 (ToLstov, 1951: 180),
BETR7YFa/ 72Xt (BaWiRENERALVTF
PXALE AT 5 VIR TEMME L T) BETLTE.
bDLETEHEMEITH S (MassoN and SARIANID
1972: 149; ITINa, 1977a:19), FhH A FFR AP VT ¥
XALBBR LI I HF T Y I ERILL TV E, i
1000SERTRICIZ R Y M XULDF BEBITIE » 1o &%
ATW3 (ITINA, 1977a:19).

& A THRTAEROIHEF N » o ORKEBI &
VWiAld, VLW ARAIKREROET LMFREMELZDOME S
hEVLIEMRICHLB, TrFasdr, ANVTF Y,
ZLTIHFN I Y IXALOEWERA v F=1 5 V&
THAHIETHIHRFRIE WV (ITiNa, 1977a:235). L
LLT v Fo/ v X{bAREEBIROBRERLE BV
3 (KHazanov, 1983:94), Bo/ii(, BHLELD
AR EHSNIBEICRELTY. BBTE7I7
NEALDOBRICIEZ LB/ TL B8, L5 H¥
7Y 7XAOBRBETREPRELRET S BEERR L
WHAL A =T RBEPATIKL,

COXLDEIBEICE, AT 38, TYIA
Angka 5 515 K Of¥fEHt, 77 F + Kokcha 15, 165,
YV yNANBLEOREIL, T F ¢ ISEMBLE
BhH3.

3) BRETRRMNH B O IMPRBHF =7 ZS/¢F
Amirabad XXt (81 2 FEREK~ | TELM)
YNNI P ILDOBITH S LR T 3 50L&

FiFhs, chiPM4HMbr2 b 73R8~ THHEELT

iiAskBREE R Ic AR (ToLsTov, 1948:69-70), < v v

v, $17=F 5 REREH 0~ S HHKiIc LF i bOD

PROYPSEBHRICANL T WA (MassoNn and

SARIANIDI, 1972: 163; AskAROv, 1992:442), 4 ¥+ oid

2 VI ALK DL 8 & DHEH o BRI

&T 5 (ITiNa, 1977a: 147).

COXLRT 2 F + SV Y OF NS ICENY, RERE
%67 3EEMBBCULTS » 7. REMBBFIZY »
(13 v #)=,94 ~ Yakke (Yakka) —-Parsan
2EHENTH B, COMETII 2 AORBRIcKEN
el AIRIhETIWPFOEBIMSRBRRAENE (B
4). EBRALOYM TR T, mAUZ90~110m?, 2
~3Eh5IE->TW3 (Askarov, 1992:442). HE L
teRBOLEE, BOE, R KEo(bELssToh,
BErFcalg X ZPRBROAXSHEE ATV S
(BG5). ThooXBirEROLI LAY LH XD
KHOLTB/OFAIEY. @Bhicgt, 8 ERELLD
HEMNRE L LI, SEEBUTRTL LS OHBMRER
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X 4.

Yoy =004 2 BIFEL. (ITiNa, 1977a)

1. (EE4E, 2. @KkOERK 3, 4. HoMRE 5. AWMRE

ahiciod, 2OERBIE MO R] LFFEEhTL
% (ITiNa, 1977a: 210).

MO PAROFMORRE, % L THBROFE
Mo, BEHMRBEL TV ENDLEH, FERKICRE
FORBICRREhTWS, 9.7y ILo#Eht
TRrHE LABE» oHlid 5 & EEBic LTHH 1 ~4
SR, ¥ P4~ BHO~2HTHBDICHL
(BDLIRK Ty 528080~ 180), YYo=~y
v 2B TIRHH4080, £ - ¥ HT08A, HAHS268H (130
ICRD2EE) WA TWVWAB (ITiNa, 1977a: 185-187).
bbb AHARMEORI, BEOANLERICANL TR
HORWOTHEICEERIZ T ERKS I LETERL
M, FEROHIBRE» o BN, FLEMYPA TS E
WHTEIRTES, WFRicLTHE I TEL, &
BORBELTW I EWS T EMTELS,

COB, vy Y TFHRIRICAT LEEE{ - 8
P77 ISNFYEDTRBIC I P LB LEH DO B H,
ChiR7 ISPt ELARTHA 5 LEbN
% (ITiNa, 1977b: 190).

BB EDICY v =A% V145, A7 25,
32F %1, 48, /“¥iLBazarl, 3, 108K &DH
Ethep s,

5. 73 54 FX(EDLE, (rina, 1977a)
Y=ty 2 BIELL 5 SEBIME, R 7 — 413 Sem.

4) HHEHK @77~ 5 #
Al 6 HCED S PIRE, MBL & ORBURS @S
VB ONE X DI S, ELTT 7 4 2 RYPDIEP
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o 01
bl e

X 6. 744 3X{LoTEEME (Vainperg, 1979)
7244 2 B50EHE.

¥)r7en—=, 3oRERPEOXRIC S OHUIKD
HipiglRIha L Hicins, shithovvy )+ TF
FRTRRBLHRBAF IR, OBIcRY V=1 F
HOBBERROBEHNERLILY, ZORENEL X
LILHRATL 5.,

PR 7R CORRE, O (376 ~ 5 tD),
OHIER Bi4~%1iHD, @27 v+ v (2~31H
), @27vvr=77Y 78 (3~51itig) LXHL
(ToLstov, 1948:32-33), IHVHEIZIREST b C OFE
EHESTREHBO, LhLBoodicd MHE) &b
(2 vev] EOWSRIEBRSEHRELES T &ic LT
BT 2HEbRoNh 20T (YacoDN et al, 1985
317), AMTRMERALEW,

(1) 7 244 Kuyusai X{b (5ij 7 ~ 4 )

TLYY)YHTSVBICECEFTRICOM N KR
BY )43 BRIEERS 5%, 2CIKEZETO
WIRITHT 7 ~ 4 MGG 3B bhi, Fhids
244 X{LEFRITh, BEES>EENTEKEROIE
TH5 TORPRELHTOHFICRBEREShTWA
WS, SREEN C DBEKERE bW a4 4 2 BIE
it PR EHTRoEBESRRS A, HERR
fHiA100m* 85, TR IIMI00m® TR E B IAIFREH»
53miciET 3 (AR LEOMEIINET ). iR
KRARoOLELHYE, LRUYES A0, HHENO
LRRHREGEL =R (X6), SMOTITFLUEMRBR
ahic, 1HBOPIBERETEShAhRT U 7EHE
PASVEDODOETN Y, ERICHRE - =Rk
BitFRHEOODOTH Y, BHILtHHOBERMR LIS
(VAINBERG, 1979:10-11). #EFEDEL icHIMiBDH &
BHEDBOLABWI Eh o, FEOELZERIKET
HoEBbohah, LEOHLERD»SEXTHREGIT
bhTWAiTHA5 (VAINBERG, 1979:23),

BIX{bD % V) &5 + Tarym-kaya I S 3Bt &
WEUEH SR, HbS4y 7Y (RS
BREEWTWVWELYD, VoTRI-HOEBLL-~

EBbh3 (VAINBERG, 1979:52).

Tr A YT IO LE FNLRID S F T T
XAERT ¥ 5/ XL E ORI Az WHEE B & D,
COXLRFRDAL LB bDOTHBEL, ZORHE
ZRITHHTSS 2 PO # 57+ T TEIR O BUEHIREL H»
LN T E AL ITKD I (VAINBERG, 1979:50-51).
FRECORRBEBORMICELE->THD, SO
BYELEATVS.

FVAIVaRBELFNVI I COBRICEEEHC
SULEBBLEHELL. 20REM*F2FY=F1
Kyuzeli-gyr &4 5 Y =F 4 Kalaly-gyr Td 3. pi&
BEELIcEY (W1km) ZAHEOREOE P »itEic
HohTeh (7)), 202080 (+B053K]
TR 3) MiFCREBAMEELL T @EhIcH]
6~5HHED R+ ¥ 1 ROBHE=IRE:, S8, Wakut
nEMBRE N (ToLsTov, 1962:99),

TIhOoHIC 20km BN H 5 Y =F 0 1 St
1,000X700m OEFHO 75 v % bo. BBOLS K
REREEN TR, 7Y 7+ YOBREBEHFETH-00
7552 5 —BOHRPFRB[OFIWOFF V18 =
by, 2Bl X7 YVEEBRRENE CholdTH
AXRZHEDHVSIEMNYERLTVEY, BEZOD
DRIRTRTHB7H, PV L7177 2 % RHDOH
BlibiccoFhorEshicdboEEITWLS
(ToLsTov, 1962:117),

(2) B4 ~21Hg

CORICIE T & 7)) YERICHEI B ERES (REE
L) RESWHBVLH>LBREB I 20oREHG
BT Y+ »/¥2=% 5 Djanbas-kala &/t ¥ =55
Bazar-kala, R Tt~ )7 R 7 Khazarasp, + F
7 v Sadvar & ¥ 4 <X v b Djigerbent T& %
(ITINa, 1981:13). Th o iFBHOE M & BREGEE £ ~F
5 LERFICFETE - #¥% - FELEohLTLH - 1.

| & )Rl R Lok i it TEoh3a T L
bHok. tLXLEFMOREE LT sz 7
7 3 R Elkharas D5 5D—27 48 (LEviNa, 1991),
OO L - & SEKBOVIENL, T/F ¥V YD
FLIOBBIMNBETIa4=2)VVvHr=n5
Koi-Krylgan-kala TH A5, 75 viAKT (EHEZ 9
m), BEONICEYENS D, S oicEohiclf

Eo2MRTOBENS - (K8, 9). COBFED
AR 2 ) RSB ShTW, 1BIE8E

KR oh, 7-FROBRTHROBECHL TW-,
HificRtBoE,ricBHoLE (ARLEY) HE
B&ha CoORRLSBEMISDLARIEOHD
2L O OFH EOMRL W LEBE LTHT4 ~ 3 L
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1. BMO&s30E, 2. {IFH, 3. RESHWE 4. rLrF, 5. KIBEEORE, 6. HtEREZTIL
A (@EbhFRIUEBMOTERERT), 1~V FEEX
X % «ﬁ '"“'3\\
o ey
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H_munmmnnljlpm"%nlr }.',‘.\. '5#{%‘2

8 ag4=s9ynir=n7#xM (Tosrov i Vaeerc, 1967)

fiibh, zom—MieEshib s, #1~4 il
FlahicEFLA o TS (ToLsTov i VAINBERG,
1967 : 310). 7z Lpica=—25ETRSSH, -k
HUMBEORERIE L) Y FHRIRICCh LD PR
BRI IR 3 2 & 7 Sl R A5 - fo— i 0l hid b,
S EDMFRLFRLETNERSRVWTH A,

(3) i1~ 5 g

i 2 g h S A 1 e Tl 7 ¥ 7icidde A
SHENEOBBEBEBA LI, fLXabroiis
ZiFfc L Bbhad, EWFHNCRELE- 20 L 3HE
BahTuwigwn, zoEhlRy Y TEiciEs v+ vl
HMENBS B, FOBNME L ZLCETRATOED
EFMtoVWTRERR—HLTVWEY, P71

Sy OB TICA - ERZN (PLA LT,
1968), i TIREEN L WSS TH 5.

WHFhIC LT 27 &+ vilflhithilt 7 ¥ 7 THRA T
W 2 tHE B IT & L X AT IRARBI S & e
bolEHd < EHMlisBbhi., Tt TF57=03
Toprak-kala ([0 TH5 (10, 11, 12). 7
7 v i3t A B B WEAIET (500m X 350m), F§EE
ohdciRfAs 0, b odbic kKB ATV,
oD ORI IZNEOIEEA S ©  (180m x 180m), %
D3 CHMNE, hlRofBicKBROBVIKSREREH
fofo KBTI W S B A 3 S B (40m
x30m), WitoHfilopkibTh -5 L W»
(RapoPORT i NERAZIK, 1984: 10-11).
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9, I4=2YnHr=h3. (198MFEIH, FHEME)

®10. + 7352 =4 7 MEFE&R. (Rarororr i szm\zl'fc-.l 1984)
1, #hk, 2. fEoXE, 3, HFAHMBORMEESA
W o4, 2B (Lo=E), 5. toB#Ml (FTo=ERD,
6. TETHFhTWAHEY O WER]

PO PEIER (3 —Br & < 7D (BEHE O & 14.3m),
Zo hicEkhl (o= 26 -k AN
HET, 1T TIOm, LT8mTH -7, Hifidk
CHERMH D, BlICEhaL2ICE->TW. BEBT
EEEERIG, & Siidh L R AEATE NN
PARMAZEBRR SN, HESE WY, HFES
HEEhTWAEIF#EALIT{ W (RAPOPORT i NERAZIK,
1984: 295).

FIREE DA 12, WREETIE TRV 0,
300m % 350m DPH i< & P A SO T L i
WMDY, TITERPEOERCHTOROUH,
DRYWEROT 552 7 — RN, 7 >+ YHOENP &
LALOER S EBREREN. TR TTOEK] &
Zodohi, o0 [TOER] oI LLS
S0mEEN TR LT A Ao ERAH 5 (1,250m X
1,000m). oGS EBIETHH A2 T3m lEH 0,
M8 d4m LLE, e MImiEd -k &Mbh 3
(RapopORT i NERAZIK, 1984 : 12). T O 1R OMED

i,

11, b%aazﬁa,kmﬁﬁ.OQMQﬂ.ﬁaﬁ%)

12, 7352 =57kt (1950568, Rarorort i
Nerazik, 1984)

WMELEEYT S L, iRoltEofEELs, t8Bodic
FE - o (OB ERILE L, CoEREEV
OFHIcH>VTIE, HHITH 3 &b, R OET
Wi, BHENHCHBREES S S U, HESLE0s
WZER A7) AR EVAVWALLHMHENLTL S
(RapoPORT i NERAZIK, 1984:290-201). F# [k &
[Tl D22o0EBAHEIEISVTH, HWEE]
& MnmaER ) Efd a8, —HTERE & M- T 35
L EHH S (RarororT i NERAZIK, 1984:290-291).
Wiz bDoFEIc>WT LN NS B, Fh
W, E B ASTIR THREIES b 0 i d A N E v
EWHETHA, L ZXalcidF Y =+ (25ha)
Eh 5 ) =+ (T0ha), S¥N=HF (3L3ha) 73
EOREUFMULDH BH, 737 =4 5 OEFATHERS
Offl{id 175haict £ b, AOIiZ 2000~2,500 AR
EEHEESNhTWVWS (NeErazIK i RapoporT, 1981:
140). [LoERk] cRRSh ot TH] ok
WohicboME W LAEEFTLE, FT57=H5
BRI OBV E VWS LR TEETHAD
(RarororT i NERAZIK, 1984: 296).
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V750 =h53 5 HEICKREEZMAoH, S5~61t
RicrmgERSREIcEN 2888Roh3. Ch
Bk E TER] ORAOKEETIRVHLLEZSAT
W3, Ll 7~8itHiciasicEgL, 779 74
AfrigidS%HK 4 5. CoRRoXLRHICIR, GRO
<N b =74 5 Berkut-kala, # ) #H =# 5 Karga-
kala, ¥ v or=NVH4# 0 EMNH S,

9 ~1HHEIC R ER ORI I = v =9 AT Y
F Kunya-Urgench, Y4 A Xv b+, % K70,
FNT RS, Wy b=hSHEBEZ. O,
BEDIEBED T+ AT =T AHNVPANFNEE, bEb
CEBBEHATRBICLORLERE OREMER L

ot £1-77—1Y X3 — Al-Khwarizmi (ca. 780~
ca.850 % £ — v —=— Al-Biruni (973-1050) 7%& D%
EHHH LI

12~13HHEFIcid R L X A v » —HIARESE &S,
hR7S7HholET V7TRBICE THRELT . Ty
S=—=TF 9 F 4 — v =254sr=2F Allah al-Din
Muhammad it (#{11200-20) &, (&= T LOHPH
KHEDEIREE AR FhTHARSE Eic bRE SRR
RIS LAYV (RBil, 1996:49) &
3 THENEY, EHOTERT, /=rv=00F >
FRF7F+ 7ITEO S ETT CIEHRAL 1245, 14itHg
KICT 4 L—Nick -~ THS h, 1THHEELRRE Y »
Khivadik L XaDdhih & 15 5,

4 B bH Y I

BERZELTUMBDHTEBE, ® L XLDERTE
AR A 7 v 2OEERB EBRBICEFR OB LT =
22b, & ITHiI00ELIRE IR & DM D P T
EPERERBEETELI LIS, SV 3L,
Bt BBoRELRBME VI EBNIEF —<OWEL
T, ZLTbH—»o, HAFELoRER LichffiL T
Bfcica—35 v 7RIEOXLRHOPR L W HET,
FUZXLAHIRRIERICHEETH 3L WH T EMTELI.
LA LEA OBEMc>WTIRELHESED EGVWAT,
BELRBFOBHT>WTRABOKMMSH 5.

BigicE » 1o Blofs SRESZER L TBE LV,
BBTHERLILIE, thR7 Y 73S ERESH
Db LIHMBAENTH S EHETEHBME L THT S
oh, BARKNBREINTELN, ZORBBRENLE
T ENBIEICH->TLE 7. FOBIFILMAH
IKORATEYD, B HEI VY FADE~AY Y3 0T
BIBICE > TWADERU & H i, MFICHEBREHL
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Archaeological Sites in Khorezm
Toshio HavyasHr*

The area of Khorezm (Chorasmia, Khwarizm) is a big oasis where sedentary agriculturalists have been liv-
ing for ages. But at the same time it is surrounded by the deserts where nomads have been living. Further-
more, in the south of Khorezm there lies the Kopetdag Mountains, along the northern foothills of which the
early agriculture began in the sixth millennium. In the north of the deserts there are spreading the vast
steppelands. This is to say, Khorezm is a peninsular of agriculture protruding into a nomadic zone. This situa-
tion is confirmed by archaeological materials.

In the Akchadarya delta (old riverbed of Amudarya) there are centralized Neolithic sites of the Kelteminar
culture (Djanbas 4 house site, etc.). This culture is dated to the fourth/third millennia B.C., but some scholars
date it to the sixth/fourth millennia B.C., comparing it with the Jeitun culture of Southern Turkmenistan.

The Bronze Age sites of the Tazabagyab culture (Kavat 3 settlement, Kokcha 3 graveyard) are also central-
ized in the Akchadarya delta. The decoration patterns of the Tazabagyab pottery are quite similar to the
Andronovo pottery of the northern steppelands. This shows the influence from the north. However, it is not
clear whether this means the Indo-Iranian migrations in the second millennium B.C.

In the Late Bronze Age of the Amirabad culture (the tenth to eighth centuries B.C.) there appeared the set-
tlements with irrigation systems (Yakke-Parsan 2). The cattle and the horses were increased.

In the sixth/fifth centuries B.C. there constructed large fortresses, one of which, Kalaly-gyr, had a palace-like
building probably under the Achaemenid control. At that time the steppe nomads (Scythians, Sakas) moved
actively and had influence on the southern sedentary agricultural zones, including Khorezm. The Scythian
type three-winged arrowheads were found in the settlements of Kuyusai culture (the seventh to the fourth
centuries B.C.) in the Sarykamysh delta.

In the fourth/second centuries B.C. there appeared large walled cities on the right bank of Amudarya
(Djanbas-kala, Bazar-kala) and on the left bank (Khazarasp, Sadvar), which played a role not only of a defence
of agricultural lands and caravan routes but also of a center of manufacture, trade and religion. Koi-Krylgan
kala is a unique religious institution or mausoleum, maybe combined with a round observatory.

In the second/first centuries B.C. nomads invaded Central Asia, after that the Kushan Empire was established
in Southern Central Asia. However, it is controversial whether Khorezm was controlled by the Kushan Empire
or not.

In the second half of the second century A.D. there was constructed a complex of walled and unwalled pal-
aces, a Zoroastrian shrine and a huge walled space, named Toprak-kala. There have been found mural frescoes,
clay sculptures and written documents on skin and wood. The study of the meaning of this complex site is a
big subject.

As a result of rapid enlargement of cotton fields the Khorezm area now suffers from injury of salt. Archaeo-
logical sites are also damaged by salt, because they were made of mud bricks. They are in urgent need of con-
servation and preservation, as well as investigation.

Key Words : Khorezm, Archaeology, Oasis agriculture, Nomadism, Conservation

* Sohka University, Faculty of Letters, Department of Humanities. 1-236, Tangi-cho, Hachioji 192, Japan.
(Recived December 28, 1996; Accepted January 17, 1997)
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Satellite Image Map of the Central Asia—Uzbekistan Kholezm Area and Aral Sea
Toshibumi SAKATA*

Satellite Imagery gives an overview, at a glance, of relatively large Continent of earth. The Space Archeol-
ogy was used for many ancient cities and various ruins during about 10 years.

The Syrdar’ya River into the Aral Sea from its East Uzubekstan of Central Asia, Agriculture was developed
along its river side. From the 6th century on, the use of irrigation had expanded the cultivating area, thus giv-
ing birth to some strong kingdom.

This Kholezm region today has a great stretch of agricultural land along the river of Amdar'ya, presenting
a view from satellite as if it is a huge oasis in the middle of desert.

The reality known through the ground-survey of region, its environmental conditions are changing quite
drastically. Also the Aral Sea of today presents a miserable condition, according to the analysis of data ob-
tained by the satellite, the Aral Sea is estimated to vanish in the 21st Century.

Key Words : Space Archeology, Satellite, Environment, Ancient city, Ruin

* Tokai University Research and Information Center. 2-28-4, Tomigaya, Shibuya-ku, Tokyo 151, Japan.
(Received December 28, 1996; Accepted January 17, 1997)
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The Ancient Ruins of the Tarim Basin
Jun LEE®

The Tarim Basin is located in the south of Xinjiang Uygur Autonomous Region of China and the centre of
this region is, to a large extent, covered by the sands of the Taklimakan Desert. At the northern and southern
fringes of this desert, the oasis cities came into being—for here ran the great trunk roads linking East and West
from ancient times. I'd like to introduce some ancient ruins found in the Tarim Basin from three different pe-
riods.

1. The Stone Age

Paleolithic sites have not been found in the Tarim Basin. However, many Microlithic sites have been found
on the edges of the Taklimakan Desert, dating from 10,000 to 40,000 years ago.

2. 2,000 B.C-100 B.C.

Gumugou Culture (1,800 B.C.), which located itself in the lower reaches of the Konqihe River, is representa-
tive of the early days of this period. At this time, people were primitive nomads and pottery was not in use yet.
However, later on in this period pottery was being made and wool-making and tanning techniques were im-
proved.

3. 100 B.C.-1,000 A.D. (Han-Tang periods in China)

Early in this period, some oasis cities, which were protected by walls, were constructed, such as Loulan and
Kucha. Many ancient sites from this time have not only been found in the oases but also in the depths of the
desert, such as Niya, Karadon and Luntai. From excavations, we know that agriculture, as well as animal hus-
bandry, was developed. Buddhism was widely practiced. The Silk Road began to prosper and divided into a
northern route and a southern route through the Tarim Basin. East-West trade and cultural exchange in-
creased. Late in this period (Tang periods in China), the Tang Kingdom of China controlled this region for a
long time. Buddhism reached its peak and the route of East-West trade and cultural exchange mainly ran
through the area of south of the Tianshan Mountains. Some oasis cities, which were in the depths of the desert,
were abandoned and buried by sand. After the 11th century, Islamism gradually took hold in the Tarim Basin.

Key Words: Tarim Basin, Taklimakan Desert, Silk Road, Ruins

*The Archaeology Rosearch Institute of Xinjiang. No.4 South Beijing Road, Urumgi, Xinjiang, China.
(Recived December 28, 1996 ; Accepted January 17, 1997)
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Climate of The Turpan Basin : Past and Present
Masatoshi YosHINO® and Yongzhi Liu**

The Turpan Basin (50,147km?) is the hottest part in the northwest arid region in China. The observed high-
est maximum air temperature is 49.6°C on 13 July, 1975. On the other hand, it is very cold in winter; the monthly
mean daily minimum temperature is —14.5 °C at Turpan. Precipitation is very low : mean annual precipitation
is 164mm at Turpan, and 6.9mm at Tokshun. Contrary, heavy rain—fall more than 25mm per day occurs once
in 20-30 years. Flood results in serious damage frequently. Strong wind occurs in late spring and summer caus-
ing damages on agricultural crops seriously. The hot-day wind hazards do occur 131 times a year at Turpan.

The past climate change was : relatively wet periods were 4100-3300 B.C. and A.D. 650-900. Also it is supposed
to be relatively humid in the periods of 1240-1360 and 1720-1780. These conditions must be influenced on the
change of Silk Road activity in the historical period. During the last 200 years, the following fluctuation was
observed : 1°C cooler in the years around 1820 among 1785-1848, and 0.5°C cooler in 1910-1920. On the other
hand, 0.9°C warmer in 1848-1907. Temperature increase during the recent several decades is striking.

In the oases, air temperature is decreasing particularly in the last 20 years and rainfall in summer is increas-
ing markedly in the last 30 years. Heat islands in the oases can be recognized : it is estimated that heat island
intensity in Hotan is 0.5-1°C in summer and 0-0.1°C in winter.

Key Words : Climate, Paleoclimate, Turpan Basin, Oasis, Heat island

* Institute of Geography, Aichi University. Machihata~cyo, Toyohashi 441, Japan.
** Graduate School of Aichi University. Machihata—cyo, Toyohashi 441, Japan.
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The Turpan Basin: From the Historical Point of View
Sunao Horr*

The oldest inhabitants of the Turpan Basin, known as the Che-shi, were mentioned in the Chinese book
Shi-ji from the 2nd century B.C. They seemed to have been a mixed group, consisting of nomadic and agrarian
peoples, who were deeply connected with Xiong—nu, the major nomadic power beyond the Tian-shan Moun-
tains.

These allied nomadic powers tried to rule and control the strategic oases and trade routes that passed
through the area. On the other hand, an agrarian power, the Chinese Han, also advanced to Turpan Basin with
the same intention and made Chinese settlements there. A long struggle for the initiative in the Turpan Basin
continued between Xiong-nu and Han. Patterns similar to this often recurred later on.

Nevertheless, some historical changes, did occur at the local level in the Turpan Basin. For example, the
three cities of Jiao-he(Yarhoto), Gao-chang (Qojo), and Liu-zhong (Lukchong), which were built around the
main oases located there, had fallen into decay by the end of the Middle Ages. In this place, Turpan, Pichan
(Shan-shan) and Togsun (Tuo-ke-xun) newly grew up after that.

The question why these transitions occurred has remained unsolved.

Key Words : Turpan, Che-shi, Nomadic powers, Silk-road, Tian-shan

* Faculty of Letters, Konan University. 8-9-1 Okamoto, Higashinada-ku, Kobe 658, Japan.
(Recived December 28, 1996; Accepted January 17, 1997)
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Turpan Basin from the Satellite Images
Hidehiro SOHMA *, Toshibumi SAKATA ", Yoshio, TANAKA**, Ryoji NAKANO** and Makoto Morn"*

Terrestrial conditions of the present oases and the historical ruins in the Turpan Basin were investigated
based on the satellite images and the map interpretations. Main results obtained can be summarized as follows:

1) Terrestrial conditions of the present oases were classified into four groups, the southern piedmont of the
Tienshan Mountains, the northern piedmont of the anticlinal ridge called Fire Mountains, the gorges in the
antecedent rivers of the Fire Mountains and the southern piedmont of the Fire Mountains. Using Kreze system
and groundwater, oases at the southern piedmont of the Fire Mountains expanded to the salt desert surround-
ing the Idin Lake.

2) Among the five cities established by the Tang Empire in the Turpan Basin, Pichan (Shan-shan) and
Yarhoto were situated on the river terraces at the upstream-side piedmont of the Fire Mountains, and Qojo and
Lukchong were on the alluvial fans at the downstream-side piedmont of the Fire Mountains. Conditions for
water-utilization are different from each other, and the latter two, being convenient for agricultural land, have
the same terrestrial conditions as present large oases and the main ruins in the Tarim Basin.

3) However different in the age in establishment, both Pichan at the eastern margin of the Fire Mountains
and Yarhoto close to its western margin are considered to having close relationships to the mounted nomads.

Yarhoto is the oldest city in the Turpan Basin on the historical records. Why Yarhoto having been formed
not on the alluvial fan at the down-stream side piedmont of the Fire Mountains but on the river terraces at the
upstream-side piedmont of it must be considered through further investigations.

Key Words : Turpan Basin, Satellite Images, Fire Mountains, Yarhoto, Piedmont oases

* Faculty of Letters Nara Women's University. Kita-uoya-nishimachi, Nara 630, Japan.
°* Tokai University Research and Information Center. 2-28-4, Tomigaya, Shibuya-ku, Tokyo 151, Japan.
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