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Fig. 1 Schematic diagram of the study area
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Fig. 2 Changes in the quantity structure of land use in Qatar from 1995 to 2020

20009 20059
19959
i 20057
| 20007 1
20085
19957 20008 [ ' 20055
— i “ —
190sg [ 20005 W
19955 =, 20051
M 20001
19951 i L
19954 = 20004 [] 20054 D
19954F: 20004F 20054

Cvbi(o) 0 i #2(7) EEE /KIR(3) 0 WA Hb(S) I RISk itb(1) B0 K (4)

20209
20159
20109 20207
: 20208
20157y
_ ruiwn I 20205
20107 - || 20158 _
i [ 20155
ity 20108 B
[0 20105 20201
M 20151
20101 ] -
- 20204
0104 20154
20104 20154 20204

TE AP BUE R T AOECT IR MEZE , 1019959 F7R 1995 4FAUFRED o 9 2K
K3 1995—2020 4FRIE/R LA RS IR 3
Fig. 3 Land use transfer flow dynamics in Qatar from 1995 to 2020

222 Hu itk SR FROERE EE R
VDAL T R (91 80 RN VD b4 E IR R 1 (92 7Y )
At i R A A ) 12.8% (1 5) . Hidr, 91
R R F) /N K 9,19.1>9,159.1>9,1, 92 HY Hy K /)N
WK R 9,.2>9.259,2, 2 Fl Y (1) % A 3 5] 522 0 f31]
“UTBIZS Y, Bl 1995—2000 4F H12015—2020 4 Jy#
G AT 24> = IR, 5 1995—2020 4F (1 45 14

This version posted

S N 5| e Y e [ T R O P N T e
FVERG 2477 W8 OB fE EA% Sy, 128345 9,1 Al
F19.2 BB EErh RN E SR

23 RNEKEIEFET R FEREEFIE

231 FEKTGBLHEE#KE ST AND "
b E AR FEORNEK AL O X S B
LT () B AR AR SRy o Bl SR T AR K TR T

2026-04-29.


https://chinaxiv.org/abs/202604.00328V1

ChinaXiv:202604.00328v1

872 > g XA R | 49 %

(a) RIE/R

A

' - |
10 3kmr '

()

L@ Tt }1\

1) '
] wrxas Il 19954 20004F I 20054F
SR L[ I 20104 M 20154 [ 20204

K4 19952020 4EK /R BEHLY 5K 23 4% =)
Fig. 4 Spatial pattern of cultivated land expansion
in Qatar from 1995 to 2020

DLHA s B 3 TR 3 T R - 22 MG T R, 7E 1995—
2010 4F NI FE A 7K, 2010 4F L) J5 630 Ry AP GEY 5K
(E16) o A v s T3 T WK S hir T 52K 55 LA
Yk SAMERY KA B Y 5K

232 FEKE# B4 EKE RNIEKE A
TRV H G AR BiAE g AT (18] 7) , R
TR 7 MR R AR T B S 1Y) 13.6% , TTHRFER

(a) HEHLE ATTRYL . Sk B BRLT R
M) s AR —a— BRLTTR —a—grik R 15

~
(=]

(=)
(=]

59,1

W
(=]

< I l&:ﬂ/H 3

0 1 1 1 1 1 1 0

9.1 9,1 9.1 941 9.1 9,2 9.2 92 9.2 9.2
It

e AT B/km?
s 5

S
Dl E N ATt &7

559,2

—_
(=]

JIMKIR R 9,:4>9.4>9.459,4>9,4>7.4, ANB KA A
T s St . Pk, 7.4 8
BURTEAEKIH I 7K, 9.4 BISRIA MY ZAME
AP, 94 B FZAEZ IR TR B E R A%
Hl o 9.4 A1 BJE B i 2 X H 25 IR T 9,4 Y,
2010—2015 4 9,4 AU TE Z W5 TE 1 = % JE X, 2015—
2020 4F-11 9.4 BUFEER H B 2 () FRLE Y SRARAE

24 EEAMIERET RS

241 £ & AR LR T HE ARG
B AR ) A3 A e o T2 . WA B E A
FEACFR AR AR, BEA M EZ AR A R AR AR . wF
GEI B P A 25 FH b 3 BRI S K T B T DA i
A A A ) Z2 W5 3 T A L A O B 11 3T L v
TR OGS T IR T A% 0 R sk LR . BT RER
R B LR RN A4 X0 7K b 9 R R R E R AR B
FEHE A AR (] 8) o X — 564815 25 F (I
KL 2030) () R Ge AR TR B, A0 46 57 T 0 i 3k
Mgl e KR SRR A Z G AT
ST S ekt B BT TR, LA Kz i R A
(CE-SiRLSUE- <28

242 £ A RAE 4 E K ESs S RIB/RIEWE
PR EALIRBE T A, WFSTET BN, K v A% ()
BAE B EARH KRGS M, Ho fkEs
AT 28, B ST By AR TR o 3 1 R
AR AL 1) 48.7% .,  1995—2000 4F Al 2015—2020 4F
2B (R19) o Vb TR R 1 A8 Tl % Pl oK
F/ME IR HF 9,7>9.7>9,7>9,7>9.7 , V0 Hl 4% HE K Hh 2%
EE FEA 9.5 9.5, 25 [0 1, B i 1 f 41 s 4%

(OF BTN

P A% B km?
[C1130000.01~210000.00 B8 210000.01~270000.00 MM 270000.01~357441.03

B 0.00~60000.00 3 60000.01~130000.00

N B9 o N HEOL o N B9,

) 1 N 9.1 N
0 50 km 0 50 km 0 50 km 0 50 km 0 50 km
— —

59,2 1£9,2 9.2

£59.2
N N N N N
A !‘ A ‘A 'A ' A
0 50 km 0 50 km 0 50 km 0 50 km 0 50 km
| S— | S— | S—

[ I— [ I—

T P H A TR S AR AR 0Y , BT OB ORI, AnBE 9.1, 76 1995 SF i b/ R S bt R 1)
K5 19952020 4R35 /R B I U Je) 22 1k
Fig. 5 Changes in the pattern of cultivated land area in Qatar from 1995 to 2020
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Fig. 7 Changes in the pattern of impervious surface area in Qatar from 1995 to 2020
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Fig. 11 Influence of interaction among various factors
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Land use change characteristics and driving factors in arid gulf countries
from the chain-spectrum perspective: A case of Qatar

ZHANG Zhixiu, MA Caihong
(School of Geography and Planning, Ningxia University, Yinchuan 750021, Ningxia, China)

Abstract: To comprehensively understand the spatiotemporal characteristics and dynamic mechanisms of land-
use change and to provide decision- making references for the sustainable management of land resources, this
study employed the land-use chain spectrum analysis method integrated with the Geodimeter model on the
Google Earth Engine platform to investigate land-use change and its driving mechanisms in Qatar, a gulf country
in arid regions. The key conclusions are as follows: From 1995 to 2020, land-use change in Qatar exhibited a re-
duction in sandy land, continuous expansion of cultivated land and impervious surfaces, and a notable increase in
the proportion of sparse vegetation and shrubland. Doha, the capital of Qatar, functioned as a “super expansion
center” for impervious surfaces, with its development pattern transitioning from infill expansion to outward ex-
pansion, while other port cities demonstrated an alternating expansion mode of infill and outward expansion. Irri-
gated cultivated land constituted the primary type of cultivated land expansion, forming a dual-axis expansion pat-
tern centered on the northeastern coast and extending toward the northwest and southwest. The expansion of eco-
logical land was dominated by sparse vegetation and shrubland, with 1995—2000 and 2015—2020 serving as the
key expansion periods. Spatially, a greening circular structure dominated by sparse vegetation, with the coastal
zone as the core, was formed. Shrubland was distributed in clumps owing to resource constraints, with a more
prominent agglomeration effect along the eastern coast. Land use change in Qatar exhibited a “dual-track mecha-
nism” characterized by oil- and gas-economy-driven growth coupled with water resource constraints. Specifical-
ly, during 1995—2005, population density served as the core driving force; however, after 2005, the driving mod-
el shifted to an economic expansion pattern dominated by GDP and the nighttime light index, superimposed with
the constraining effect of groundwater resources. For future development, it is essential to strengthen the coordi-
nated development mechanism of “water resource constraint- economic transformation-ecological restoration”
and to adopt water-saving technologies as the foundation for achieving a dynamic balance between urban expan-
sion and ecological protection.

Keywords: land use; chain-spectrum collaboration; geographical detector; Qatar
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