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The LUCC characteristics and driving forces of cultivated land in the five
Central Asian countries from 1992 to 2015*
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Abstract: The five Central Asian countries, located in the center of the Eurasian continent, constitute one of the important nodes
along the "Belt and Road", a global development initiative launched by China. On the basis of the global land cover data of the
European Space Agency Climate Change Initiative, the Land-Use and Land-Cover Change (LUCC) characteristics of the five Central
Asian countries from 1992 to 2015 were analyzed using land use degree, dynamic attitude, and transfer matrix according to GIS
spatial analysis, and the driving force of cultivated land was deeply exploited by utilizing geographical detectors. The results showed
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that: @ From 1992 to 2015, the land use pattern of the five Central Asian countries showed the continuous increase of cultivated
land and urban land, and the decrease of forest land, grassland, and water area. The increase of cultivated land mainly came from the
transfer of forest land (7.88%<10*km?) and grassland (5.27>10%km?); the increase of urban land mainly came from the transfer of
cultivated land (0.50=<10*km?). To be specific, the cultivated land in Kazakhstan was mainly from the transfer of forest land and
grassland; the cultivated land in Kyrgyzstan and Tajikistan was mainly from the transfer of grassland; the cultivated land in
Turkmenistan was mainly from the transfer of unused land; and the cultivated land in Uzbekistan was mainly transferred out to urban
land, forest land, and grassland. The transfer between these land use types is closely related to human activities. Cultivated land
ranked in the second place (following urban land) in the growth rate, and it was the most variable land use type in the five Central
Asian countries. Urban land increased in all the five Central Asian countries, and so did cultivated land (except in Uzbekistan); @
From 1992 to 2015, on the whole, the land use degree generally showed a slowly rising trend in the five Central Asian countries(from
193.34 in 1992 to 197.41 in 2015), meaning that land use was in the stage of development. Various land use types can be ranked as
follows in the descending order of land use degree: cultivated land > forest land > grassland > unused land > water area > urban land;
(®The driving factors of cultivated land change were analyzed with geographical detectors. The results showed that, among natural
factors, annual average precipitation had a significant effect on changes of cultivated land, but social and agricultural factors played a
decisive role in the short term. Factor detection showed that the total population (0.882) and the rural population (0.881) had the
greatest influence on the expansion of cultivated land, followed by the per unit area yield of grain (0.746). Interactive detection
showed that the interactions of various factors were mutually reinforcing. In particular, the superposition of the rural population and
crop production index had the greatest explanatory power for the expansion of cultivated land (0.972). The main factors affecting the
expansion of cultivated land can be summarized as population growth and improvement of agricultural production level. This paper
aims to provide decision support for the evolution of land use patterns, the planning of regional land use, and the sustainable use of
land resources in the five Central Asian countries.
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Table 1 Reclassification of land use and land cover in the five Central Asian countries

WK 2 R S AR AT - oR) 5 R 5 oy R R S (T BN
Land use and land cover classification system of Climate Change Initiative Code Reclassification
MR Rainfed farmland 10, 11, 12 HhHh
JKFESEI AR H Flooded or irrigated farmland 20 Cultivated land

HHE (50%~709%)/HoAth 42 184 (20%~50%) £ 1%

Cultivation (50%—70%)/other natural vegetation (20%—-50%) mosaic 30
HHE(20%~50%)/HAth F SR 42 (50%~70%) Bk 0
Cultivation (20%-50%) / other natural vegetation (50%—70%) mosaic
IS B B MO (>15%) s 4 -4k Closed or open (>15%) evergreen broadleaved forest 50 AR
I AT SR L (> 15%) 74 - ] i ik 60 61 Forest land
Closed or open (>15%) deciduous broadleaved forest '
HB BT (>15%) 3 4:41 4K Closed or open (>15%) evergreen coniferous forest 70,71,72
I AT BRI (> 15%) 5 £k 80. 81

Canopy closed or open (>15%) deciduous coniferous forest
£FRJE AR Coniferous and broadleaved mixed forest 90
AR BN HE DA (=5090)/ 5 b (<50%0) it 14

Woodland and shrub (=50%)/grassland (<50%) mosaic 10
HKBUR KK HEM I Flooded woodland with fresh or salt water 160
BUK/KH#EM M Salt water flooded woodland 170
#EA Shrub 120, 122
FRBRAE A (MRt #EK) Sparse vegetation (woodland, shrub) 150
i (= 50%)/ A Hb AT IEE M (<5096) 4% A 110 B
Grassland (=50%) / woodland and shrub (<50%) mosaic Grassland
i} Grassland 130
i 4t (<15%) Sparse grassland (<15%) 153
#4h Bare land 200, 201, 202 S F FH Hi Unused land
IS P BT (>15%) 4% A A 7K HE B T /K9 B b 180 7RI
Closed or open (>15%) various regularly flooded or chronically flooded grasslands Water area
7Kk Water body 210
7K AVKZEE Permanent ice and snow 220
N T LB B X 1%, Artificial surface or ancillary area 190 WG
Urban land
2 BHRAFE
2.1 RIS E
211 THFAEFEE
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Table 2 land use type and its classification

N AN 7 A 4 IR TR 4
- H 4 2 S - 0 Ry HL KA Aol FH L 2% AT VR L 2%
e Grade of forestland, grassland and water Grade of Grade of urban
Land classification Grade of unused land .
area agricultural land settlement land
THIFI IR AF b A, o, K b W
Land use type Unused land Forest land, grassland and water area Cultivated land Urban land

434k Fa %L Grading index 1 2 3 4
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Table 3 Indicators system of driving forces of land use/cover change in the five Central Asian countries

4E/% Dimension Eistan
Index
ERYPSES TP KE Annual mean precipitation (X;)
Natural factor HEPHS3R Annual mean temperature (Xy)
R Altitude (Xs)
e E A FE#% Total population (X4)
Social factor 4+ A1 Rural population (Xs)
ZUR = E Py A= 5 H GDP (Xe)
Economical factor Tolk34n{E Industrial added value (X7)
ol hN{E Added value of agriculture (Xg)
Lol EF
Agricultural factor A B Grain yield per unit area land (Xo)
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Fig. 2 Classification of precipitation (a) and temperature (b) in five Central Asian countries from 1992 to 2015
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Table 4 Interaction types of interaction detector

I s Criterion L HAEH Interaction
q(X1NXz)<min[q(Xa), q(X2)] JELEPE5Y Nonlinear attenuation
min[q(Xy), a(X2)]<a(X1NXz)<max[q(X1NXz)] R TFAELMEIRES Single factor nonlinear attenuation
q(XNXz)>max[q(X1), (X2)] XA ¥ 38558 Two-factor enhancement
q(X1NX2)=aq(X1)+q(X2) BlS7. Independent
q(X1NX2)>q(X1)+q(X7) AELR 1958 Nonlinear enhancement
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Fig. 3 Change in area of land use types in Central Asian countries from 1992 to 2015
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Fig. 4 Maps of land use in the five Central Asian countries in different periods from 1992 to 2015
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MR N, JLEE N 12.66 5 km?, BRHURT 343 )55 HE 9.66 5 km? 1 5.89 J3 km?, &7 FH Huth 5 35
oy HONMRHRI R L, K38 1.55 75 km? % AR B I, 3Rds o = R ok B BFHb I EE N R
BRI PR R T2 R B FEHO IO\, SRR b 32 B O R, KIS AR R FEAN AR, SRR A M R B B



M ATEE LA N B S AR A M T R B RN, MR S R B R AR R I R N, KSR AR
TRFFAAR, BRI 430k E e N L e 8 SR B FTObR M 32 2ok B R R R IR 6 N, R 0 50
Gy e OB, AR M 3 2R SR EE N 5 2800 Se M TE B bt 2 G Y D S L R R B, AR
b A0 1 B RS 2 pR AR R e ATt ke, SR R b8 i i T AR 32 TR R KSR N, S A T 3 ok
BHFRIEEN, Ao R A TN .

#5 WERE 1992—2015 £ i 3 3R 5 45 RE

Table 5 Transfer matrix of land use in the five Central Asian countries from 1992 to 2015 x10*km?
2015
1992 ol oy AAH Kk mpgne i
land Forest land Grassland Unused land Water area Urban land out
LR e B Cultivated land 71.37 0.66 0.75 0.11 0.03 0.5 2.05
F”Zgiﬂ"a' Hhith Forest land 7.88 99.44 1.98 0.22 0.07 0.04 10.19
countries Hih Grassland 5.27 1.38 97.01 0.25 0.03 0.11 7.04
A Fil Hb Unused land 0.48 458 1.93 93.81 0.13 0.02 7.14
7K1k Water area 0.1 0.18 0.15 3.07 13.62 0 35
34 A b Urban land 0 0 0 0 0 0.25 0
# X\ Roll in 13.73 6.8 481 3.65 0.26 0.67 29.92
IS B Be 7 B Cultivated land 50.55 0.39 0.53 0.03 0.03 0.11 1.09
Kazakhstan Hhith Forest land 7.66 80.78 173 0.18 0.06 0.03 9.66
Hih Grassland 4.74 1.00 79.54 0.08 0.01 0.06 5.89
A i b Unused land 0.17 4,08 1.59 33.07 0.06 0.01 5.91
7K1k Water area 0.09 0.16 0.14 1.55 7.62 0 1.94
A AL Urban land 0 0 0 0 0 0.17 0
# X\ Roll in 12.66 5.63 3.99 1.84 0.16 0.21 24.49
R T HEH Cultivated land 4.65 0.08 0.11 0 0 0.05 0.24
Kyrgyzstan kit Forest land 0.08 3.34 0.15 0.01 0 0 0.24
Hih Grassland 0.29 0.28 7.71 0.07 0 0.01 0.65
7 Fi # Unused land 0.01 0.03 0.07 1.72 0 0 0.11
7K3% Water area 0 0 0 0 1.33 0 0
JRAE 3 Urban land 0 0 0 0 0 0.01 0
# X\ Roll in 0.38 0.39 0.33 0.08 0 0.06 1.24
B i #HHh Cultivated land 3.01 0.01 0.01 0.01 0 0.04 0.07
Tajikistan i Forest land 0.01 1.01 0.02 0.01 0 0 0.04
il Grassland 0.08 0.04 6.24 0.06 0 0 0.18
7 Fi # Unused land 0 0.06 0.08 2.26 0 0 0.14
7K3% Water area 0 0 0 0 1.23 0 0
T Urban land 0 0 0 0 0 0.01 0
# X\ Roll in 0.09 0.11 0.11 0.08 0 0.04 0.43
e 8 e #EHh Cultivated land 433 0.03 0.01 0.03 0 0.03 0.1
Turkmenistan PRt Forest land 0.05 7.89 0.01 0.01 0 0 0.07
Kl Grassland 0.08 0.02 1.04 0.02 0 0.01 0.13
7 Fi 1 Unused land 0.24 0.15 0.08 33.22 0.02 0.01 0.5
7K3% Water area 0 0 0 0.02 2.52 0 0.02
T Urban land 0 0 0 0 0 0.01 0
# X\ Roll in 0.37 0.2 0.1 0.08 0.02 0.05 0.82
52559 58 e #HHh Cultivated land 8.81 0.15 0.09 0.03 0 0.28 0.55
Uzbekistan kit Forest land 0.09 6.40 0.06 0.02 0.01 0 0.18
i Grassland 0.09 0.04 2.46 0.02 0.01 0.03 0.19
AFFH b Unused land 0.06 0.26 0.11 23.52 0.04 0 0.47
/K4 Water area 0.01 0.01 0.01 1.49 0.90 0 1.52
IR 3 Urban land 0 0 0 0 0 0.06 0
# X Roll in 0.25 0.46 0.27 1.56 0.06 0.31 2.91

3.3 LHFIFZNEES

AT 4 43 M, 1992—2015 45 Hp I 1 [ Sl A s T AR e bR, SE R IR N 11.56%; #FHLIK 2, F1Y
NN 0.69%; TAKHL, FHL . ARFH AR 2B A SR BE, S A 2 TR
AN ENEZ ) LR R WEBTBCORE, AV T R b 0 3 FH b e 25 B ks R BB ik, Hop



BHZE 19952000 1Y KRt KR 1.97%, izt T H AR B ii4E FH Hh 7E 2000—2005 41
IR, A F 19.70%; ZKIRAE %I Bt N 35 Ik R 34, HHb A AE 2000—2005 445 212 13 N, 1
MHBAYAE 2005—2010 4EA1 2010—2015 45 248 (84 in( 5a).

RFT HR T A [ R, T ] A Il A T AR A 5 B P 3 SR U K 34, T HLAE 2000—2005 4F 8] 4F 44
WK R, Hor 2 R 2 S H (5 s HZE 2000—2005 4[] 4F 2 36 K- 2 S v T Hofl LA E R, 43
116.10%( /& 5¢). fH, it 25 oAt 4 o) FH R AE T P AR USR] o, IG5 v i A b T RRUAE 2%
BB N 5 R K RS, 7R 19952000 AR INZ R K, N 2.76% (K 5b); /R 7 W T HEHh i AR AL
TERGE ) 20102015 A A8 1) T, 8535 s it Bt AV AE 20102015 4EF RIS, 15 2
HH AL AR AE 1992—1995 4F 2 IR FEA S, 1 2 irH Bk A AE 1992—1995 4 2 IR R 35
- 2 A R TR AR AR 25 5 B PN 35 R B K a3, A T — ) 7 5 R B PN PR T AR R R 3 K [ R
FE R R BN R

Bkt Cultivated land B4k Forest land B % i Grassland
O A&F|FH Unused land M 7K3% Water areas B3 e Urbna land
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Fig. 5 Dynamic degree of land use in the five Central Asian countries from 1992 to 2015
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Fig. 6 Changes in land use degree in the five Central Asian countries from 1992 to 2015
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T 3N BRI AR g AR U (58 6), 25 4F A5 R0 Bk AR oK AR R B HE I Y D SR K
ESHPHRIRSIE R, R T EF, PR K S B A AR A VR B o I .t —
TOERTE RN 7 FE 43 AT (] 7), 24 47[A]1(1992—2015 4F), H7 . E A3 SR £ 0L s s (918 0.076 C-a™h),
Rk #E AR L3RI H Y Ik F (A 1.074 mmeah). FOKE R EYEKART EZN AR %KM, A
PRk B R IR KR BB REREL . FEF, RREA/NE. FRFKBEREY PR
AR, R B K & 3G A R T R A K, T B ARIR T SRR A RAE Y ER AL TE 2 #viE, ax LX)
TN A KA T ) B AR AAL R 5k 0 3h 7).

6 19922015 FEH W HEAFN S HA R FR/EFRE

Table 6 Relative effect of natural factors in different periods in the five Central Asian countries during 1992—-2015

S A A= E
N PR Annual Annuaifa?t;;merature i
Year mean precipitation (X1) %) P Altitude (X3)
2
1992 0.114 0.095 0.006
2005 0.135 0.118 0.003
2015 0.104 0.091 0.010
10
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R=0.05™ ° R=0.359 ° °
IS —
E d ° €9
z 20 ¢ i p
B=] [ [ ] =2
g S S
% 2 ° E S
2,0 | =5 s
T e . o® °° o
& g LX) ° &
= £
s (] |
g 210 t ° ° L4 g7
< < °
o [ )
180 1 1 1 1 J 6 1 1 1 1 J
1990 1995 2000 2005 2010 2015 1990 1995 2000 2005 2010 2015
44 Year 4y Year

Bl 7 1992—2015 FEH I H B4 P @K ENFFH[ERUULDEBH L
Fig.7 The change of annual mean precipitation and annual mean temperature and linear regression in the five Central Asian countries
during 1992—2015
“xxfQEILE] 0.01 B /K T, “x«’represents significance at P<0.01 level.

)38 HARMEE B DL 2015 £E 45 B (F 7) 8111992 SEAT 2005 4E 45 5 5 HAE 7 A FE), SBT3
AR N E ARG 5, 0B DR 2 (A B AT B OGP S R e o G e v X b TR 5K R AR
FEfse/h, ARMR S B HI 200l FEKSE BRI R AR, SR =L FEAR, B 2IAE4 Mg sE, JuH
S oK ESLFE R, MR EECR.

R7 2015 FPUHELARETRERMER

Table 7 Interactive detection result of natural factors in the five Central Asian countries in 2015

AR B K RSP R IR
Annual mean precipitation (X)) Annual mean temperature (X2) Altitude (X3)
F %K E Annual mean precipitation (X;) 0.104
1453 Annual mean temperature (X2) 0.181 0.091 0.161
WA Altitude (X3) 0.163 0.161 0.010

AP B K B RIARSP 38 SR A ELARIN 45 S0 2. min[g(X)), ¢(X0)]<q(XiNXo)<max[q(XiNXo)]; “FRIFE/KEAMER . 4P RANE R m AL
RIS FL5 R 455 2 (X NX2)>q(X1)+q(Xa), FTLAS IR T3¢ HAE 8 A B AR5 . The interactive detection results of annual mean precipitation and annual
mean temperature meet the requirements of min[q(X;), ¢(X2)]<q(XiNX>2)<max[q(X;NX>)]; the interactive detection results of annual mean precipitation and
altitude, annual mean temperature and altitude meet the requirements of ¢(X;NX2)>¢(X1)+q(Xz); so the interaction of each factor is mutually enhanced.
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1992 LK, BEE I TLE AN DR SR INCE N8N T 1700.2 J3N), KA CHBAEZELE BT, Bfd
N HE W T AR AN Wb, e A v I o AN I T R M, SR R AT N R AR S AR oK HK,
FRE 7 R EOZI X I A 5K o0 — B R, h T E DAY E Oy, B R N KR
At GAE, & B /N R AR 5 P, R SRR h BRI S, R A
A RIS HE S E B I A 5K, — 5 TR R N VN ok (R SRR /SR, 53— 5
AT,

F£8 19922015 EFI F EH &AL B R R KR EE

Table 8 Relative effects of socio-economic factors in different periods in the five Central Asian countries during 1992-2015

NEPCE KA EpNA~SE  TeEnE A4 N {E R
Total population Rural GDP Industrial added Added value of Grain yield per unit
(X4) population (Xs) (Xo) value (X7) agriculture (Xg) area land (Xo)
q statistic 0.882 0.881 0.591 0.591 0.499 0.746

) EARMEE R B R E B I XA T 58 (R 9), HrPAR R A SRR B B i Ja 4 Bt i AR
PIKRMIPERE I HOR, 83 0972, NS EME R BINENMRE IR, 9 Ei/NRLIEINE S
A PR 0 J5 AR 0 FE A W SR G 0, el A 5 AR I & S RO I EEBUR, 9 0.888,
RS2 G T IR AR ML B AR A, JE VR R T B S/ Y s o

9 19922015 FH T HEZSHSEFHRERXBHRFNER

Table 9 Interactive detection result of socio-economic factors in the five Central Asian countries during 1992-2015

PNEPSS - RAAH 4N b e VI nAE R B
. . WA BE . s .
Total population Rural population GDP (X;) Industrial added Added value of  Grain yield per unit
(Xa) (X5) 6 value (X7) agriculture (Xs) area land (Xo)
AR .ﬁ 0.882
Total population (X3)
RAFAH
.887 .881
Rural population (Xs) 088 g8
[y 2E 7= 5 H GDP (Xg) 0.888 0.888 0.591
Tk M AnfE
. . . .591
Industrial added value (X7) 0888 0.888 0-608 0-59
ARV I e
.887 . .64 .64 A
Added value of agriculture (Xg) 0.8 5,888 0.630 0.640 0499
TR 0.971 0.972 0.844 0.844 0.856 0.746

Grain yield per unit area land (Xo)

BRI S, SR AR A & 5 T R AR B, 7E A (] Py AR 2 AR R 3R R HE YUE AR, s I
| B b T AR5 1) 2 DR R VA9 D N S KRR & B 4 v
4 PHg
4.1 FET K XK R ER AR BRSNS 5L

DA A 10 R AR AT U R R 4 X o HOAE T2 X, R K A DX 32 e 1 a0 SR B b A A
A —E I ZIVER . DRI, 3B /K R 22 ok R 2 IX 45, B SE A T I 4B s B AR A R BRB) Jg . HR AR O A it
FC R RO, o [ 4 R K I S IR ZE R R Ar D 5 AN X (E 8), TR KE KA AIVIX
(336.21mm)> II [X(276.74mm)> [ [X(249.93mm)>V [X (154.79mm)>III [X(127.54mm). U1K 8 iR, fE5%BEK
X, BELEA 2 BT A TXSIVIXS> T X>V IXSIIIX, A WA A 5 DX 3 4K & 2 2 1 AT 1 5
M —8tk . Hodr, PHBIAE TIX, MIX, TIXAV X 322G K8, mENVX 2K, 5
/B (LA 2005 FE N T RS . X2 T DONIT X ARG B s 3B L i) b o ~F BRI, AU SRR 4
b, BoKERZ, AR THry ke, X RIS, BAKRD, HAhEa 22 smmass, waelEn
FEBRBEAK M AL, HAh K S PR 3R A0 51 KRR, Bt 22 YT 2 A1), TV X B 2 /R 5 Wi X, EHRE  on
Wi KM /R W Wi RS 5 e i, SRR ER Z, (Hili TR RN L AR R s R X, 2 2R
BRI MIBR &I, AR TR TR, SEOLHHAA R S . VKb R 2 i, ERKER D, 51K
VEEE R AR R 1) 2 R R

L2014 A5, 44 HR R 7K 7 DX BRI B /K i AR R i FEE 328 1 AR TRl -5 4% 4 X A M AR A Y 25 5 5 )
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Fig. 8 Changes of arable land areas in precipitation zones of five Central Asian countries from 1992 to 2015 ()

F 10 2015 R HE KK X BARE R 1EFGRE BRI o H) KB4

Table 10 Changes of relative effect of natural factors in precipitation zones of five Central Asian countries in 2015
Rk 7 X TR FEPBRR

Precipitation Annual mean Annual mean ;g}&
SN\ Altitude
zone precipitation temperature
I 0.299 0.339 0.071
Il 0.256 0.267 0.074
il 0.042 0.033 0.047
v 0.150 0.111 0.056
Vv 0.114 0.044 0.044

4.2 CCIl 1378 S HHE A e i

CCl &Bk+37E B2 O & pra R R, L. KR RS EEE &, T e K
f] 24 R 5 2 R 5 AN RS, it 4k H 2 SO R SZEL, B 7E R I TR) A RS AR R
— 3. BHESERIRIAE, SR E A 74.4%07, AEmn R s . Li 2B DR A CCl &R %
ECHRAIE T A A M7 55 R M Eh A R . ASCRIA CCI i 78 T 80 d, R TEJR 22 F R F I8 AL 11
Bl b, SIEET AT R R E S 6 FhE R SRR, SRR AT O S i R A% SR AR AL, A
AAAT

AR SCAN A2 M T T R A ) BE AT 98 B M TR R 5K A IR B DR 2%, (H b 0 T [ b s i, A S 8 5 2 Ak
R RIS A FTAF, X2 MAEEHRAESR, XA EZ T,

5 £

CLFR I L BN A 5T X, R SRR FRRE . Bh3 B AN AL R 50 B 7 A R T2 18] 1992—2015 4F LUCC 5§
fE, FEMER. #5805 £l 4 NYEREERL 9 MEAORIEIRAR AR R, KA HBEERI 28 20 A B Ho 1) 3K
. EBEERITE:

(1)7E 1992—2015 AE[], AP F 15 [ = R A AR Ak 3= AR R0 48 b R R 20 n, Kk P SR 820k
A RHE U 2N T BT AR IR 0 o R R R R b a4 P ) 3G i = Sk B .
TN 2835 B 56 12 1 X R P AR SR AR A AR R 52, 2% kb X 7 A SR 1 = 1 ) FE Rk 225 RS AR
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R Z R MR R SR, el Wz b X AE S T B 5K i R, R ARAIE TR R B, R TN I sk Ak
R, X N KR, B BRI o By —Fha] AR DR, BRI T R R SR AR K 2= 1A
NS BARE T5oR, 7 e SR 52 o 0b ZUEE SRR Ak b R B2 i A B L

(3)1992—2015 A=+ 3l 1. [H + Hu R AR FE Ak 2 BLZRNS b F e ss . Forh, ATk R A2 Bt R A g
A, mARH FHB AR S 2 A . 6T A R, BR S 2400 v B 2 Ak, FoA DY [ o R R AR R
BT R M B, LA /R B W o R R A

(4)FE T M BRI BEAE TR 3 M, 8 S5 300 A Ak 2 ALl DR 3Rk B T AR AR b e vk e PR, A5 R IR 158
AR Y O E AR5, 32 BRI R 2 AT AU AN o N 3K AR B R i B A 5 T . S X LUCC (1)
MEZFERARM R R RN T, T UONASKREE AR IRt S % .
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