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Role of Land Use Change in Dry/Wet Trends in China
during the 20th Century
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Abstract The contribution of land use change to the dry/wet trends in China during the 20th century is assessed on the
basis of climate simulations of coupled models under historical and land use scenarios provided by the fifth phase of the
Coupled Model Intercomparison Project (CMIP5). The results suggest that land use change may have enhanced
aridification in China during the 20th century, with a contribution of approximately one-third. For humid regions, the
contribution is approximately 35.4%. Although the drying trend in semi-arid regions is significant, the influence of land
use is not detectable. For the arid regions, the drying trend is not significant. The land use change scenario in China is
featured by a loss of primary land and increase of pasture throughout the 20th century, from 72.7% and 12.9% of the total
national land in 1901, respectively, to 36.0% and 41.9% in 2004, with the enhanced changing rate lasting into the latter
half of the century. This type of land use change occurs mainly in the Qinghai-Tibetan Plateau, Mongolia, and northern
Xinjiang, causing decreasing trends in both temperature and precipitation. The drying trend due to decreasing
precipitation overwhelms the effect of cooling temperatures.
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TR T S A A AR B R ok TR )
SRR EZ — (Wilhite, 1993, 2000; Sheffield et al.,
2004; H#E[E, 2005; Ma and Fu, 2007a; Sternberg,
2011; Wangetal., 2011). $EIECA [EHEE T, SEREE
AT SR FE A 2 2249 1.2 X 10° km? (1) T 4B, 174
BRAFAE R T 12 BT B 2 5 2 08 60~80 123878,
HULE N AL 242 B gl (Wilhite,
2000). HEIJETHIX 20 tH4d 90 FAR LUK TR
A3 I AR U R B AEAE 1000 /475 AR A
b IXPEE R BKBIE A (RS, 2005),
TohE, TR C A EE BN Rk
Je.

SR FRATT NS - T AL T AL R A R AR
59, &4 CAHREZ N5 LT 540 5. 4
W, EWETURW,  H IR P [ v A 2 UK () 3
IR A ER R T AR = 2R (Ma and Fu,
2007b; Briffa et al., 2009; Dai, 2013a). 344K},
W FECT AERT RS TLE 80 FRLLG
W (Dai, 2011b). {HAE, XFRF4xBkE
W I, VAT 28 UK 1 Ik 5 A A DAAE X3k R
& ERREAEAR RS ) T EA M % 5+ (Ma and Fu,
2007a, 2007b; Dai, 2011a).

AUEHE R W], NZEWE3FT 516 ) - R /3
B 7% (Land-Use and Land-Cover, LULC) fJA%4k,,
DU i & e, R AR R e SR
BB IR R L SR R AR A, 31T R i A K
Je X485 (Hurtt et al., 2009) . #1401 LULC A8 4kiE
SRR R R, B R NGRS R AR A
(Myhre et al., 2005); ik 5% Mo 2% R 1 1T 20 Hh

(Davin and de Noblet-Ducoudre, 2010); 5lift CO,
HE FEORTR L (1) 785 A 5o 2 4 iR A 2 Job R 7= A= R i)
(Betts et al., 2007) . IXLEPK Flid IRt PR 570
—, SEUERAERT LULC 284 a3 5 4.

SR LULC AR A0S0 T A2 1 DTk AT 2R A7
PEArISL o AHBEAASR UL, FE OB A 2 (AT S0l .
Bian, BUSE I A5 R R, R SN B
AP Y A 3 0 R 0 LA B R KA I A 8 DX A B
P RO A R, A U AL M X B K O B AR
WAhh, HAa 4 AHIX B KA 10% (Hoffmann

and Jackson, 2000); 4 Sahel Hb[X A& HYE FH$ 5K (£
Ry BRI, g EBEKKRIER D, 5
e hnJE (Taylor et al., 2002) . I 156 HH K R 4 )
PR T 5 B 44 A0 Jre BAT B 24

XPH TR, OIS ()R AR A R A A
P ZE 5 (CEAMRARE Y, 2003; Ma and Fu,
2007a), FEVYALZRHR. HEALAIZR AL X i1 oK Y
Rl b B ST R A S, PR
VU ENARAE — ARG IR B, A8 20 4D 80 4
AR5 WA e B 1 28 1) R U R AR i e XS5
2002; 2003). P BRI A, AKIEAR
I TECBOF AR AR IRAR S, 5 1S T AR T IR DL IR
EORARA o 3 ) FH PR A A e e 2]l X
AR AN AT A0 o BRI, [ s L R F AR AR
JE I I AN I 23 A2 A 7 A i AR AT AR K AN i
SENE, BEAS T H R E R X A AR )
BT [RTIRE E T- 550 ORI B} 43 2 e B )
NEIE N I g — T HUoR AR g, 30k
Hiu ) AR A AE A A2 A ) TR IE AR A 78 2 E ST
(Christidis et al., 2013).

[ il A B U RIBT B 5 (CMIPS) 43t
T N A i B AR A R AR g5 R, o
AFGE H A (land use) 155 U R H siE
BN TR ARAE, LA B A s a AR R AR AL LART I
KFD). FIFH CMIPS [P AR BEE B, At
R, IR AR AT v [ 3 X A=A i PR A2 b
HAAT 2Dk (Wen et al., 2013). AW E
FEAEB) CMIPS 4241 5 MEA R (CanESM2.
GFDL-ESM2M. GISS-E2-H. GISS-E2-R. HadGEM2-
ES) M bR P4 52, RIS &5 G AH Y 16y S0 1 5
CRLHE P 1 B ARG AT AR 518D IR A H 45
S RBFFUBLAT 20 R AR A 20 AL
P EA A X CEAETRX T 52 AR
DO A TR AR TTRR, 5 AR X T AL
PLEERIA IR . I T B 25 A28, A, B2
A EAERT, X — B PP AR R AR
THFERAMASRERBEHEBREASE T XL
(McGregor et al., 2009).
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FH B 7K 240
AR ICAE T A BR B K A% L (Global
Precipitation Climatology Centre, fi#j#5} GPCC, fix
A v6) GPCC-vo )[R M X 32 ] Bk iedis o 8L
P23 a3 HER 0l 0.5° (ZhE) X 0.5° (L), i
8] Y5 [l 24 1961 ~ 1990 4 ( fip://ftp-anon.dwd.de/
pub/data/gpcc/html/gpcc_normals v2011_doi_downlo
ad.html [2013-05-09]).
(2) VHfli CMIPS & A UBEELRE ) (R WL )
W K EE
K R B G (1 756 A 5 3k 1961~2010
R U BE KGR, HIBRIESEIIE 1 ER &
i, HARFRGIH RN 2 AEE, Bn
PREE 583 il 1% Cressman (1959) $fifH ik,
W 583 M E Ul i FBKEHEGES) 1° (4
B X1e (&) M E.
(3) CMIPS A By 4 0 1 S 15 S5 A - )
R SRR /KSR
CMIP5 H3LAT 5 MR AR (k20 AMtde)
FEAE D7 S S R A SR P EHIX 1901~
2004 72 H ISP  FEOKEOE . BdiEansk 1
7, Dy SR SR A B AR SR A A SRaa A
B CURBLER A, b B AR R IE 4% K A A
KGN A AR, N A i 475 B N T2 )
WA R TR SRR AR AN M,
e b ) A7 55 3 2 B I ) 95 A P R P AR Db A5
BRI () 5 — e R 7, g HA A7 s B
li] 5 AE HT TMALI SR 7K F (Taylor et al., 2012).
NREPLTTAE, H 5 MBI gt A5 RAm (L E) 1° (4
BE) X 10 (&) (Mg b Gl Fauthl: htep://
pemdi9.1Inl.gov/esgf-web-fe/live;jsessionid=73569C8
E0AA4183314A9EDE72D1FF6AC# [2013-07-20])
A BR 7 S A BERER ] 4 R - A AR
A (Global Land-use Model, GLM) [¥jfit €54,
I ()Y Ll 1500~2005 4, 23330 0.5° (A
X0.5° (%) (Hurtt etal., 2011). 4xER+ 4 )
AR AL IR T U WA O M Ccropland )\ AU EE
(pasture) —Z% LM (primary land). 2% 14
(secondary land). 3§17 Curban land) &5 [}
B ARFAL - CMIPS %l 5 A A X 8 R ]
BERME Dy FRLPR 7 R 45 3 - R R S R A
Bl S HAR T A DR A3 3 g S SRR L
C R AR A 08 T ik . http://tnteat.iiasa.

ac.at:8787/RcpDb/dsd? Action=htmlpage&page=about
#lucinfo [2013-07-20]).

IR )2, GLM ARALLR o [ 1B X 1 )
F B A2 AL 2 B T 4 Bk ) S0 B HE ( History
Database of the Global Environment, HYDE) Frf5
(Hurtt et al., 2011). Miao etal. (2013) Zgi& T 34
BRSO E X A CR A,
PR FIHL, BRI ST (W% HYDED, 45
R BT AR A R ZR R A B
CEVER], A R F 22 g 1 B 2%y HLECR
Ak, TN AT EER O B R, AR AT
AN TR) 73 3 A s vy v 6 g sk b R g 5 R
FAEAR KA E o SRR, 25 100 4o [E
Hb DA HH A0 25 34 1 (Ramankutty and Foley,
1999; Geetal., 2000; Liuand Tian, 2010); Mk
R E LRI 1949 SEZ Fimd. 25
Ik (B K%, 1983; Fan and Dong, 2001;
Ge et al., 2008). X7F HYDE %4l - #54 BT A8 .
L e ] DN O AR BRI (Liu
and Tian, 2010) FIARM I (1949 42 HiI
AR ) EEEIKS) )] (Fan and Dong, 2001). X
o X sk i P R AR AR B, U ]
¥4 HYDE (Klein Goldewijk, 2001) F1 LIU
$#ls % (Liu and Tian, 2010). XPHEHIHHER Y]
Wi e 20 AL IR G, F W
AR Z A AE T T H AR R T 53 7 SR
M A AL PRI FTAR T 3k i FH b R RIS R A, K
11 HYDE #2451 KM O TR AR AR AE -
FOH FHHB IR ARG AE 1950 42 /T BRI I K,
T PRI I, T3 2000 42047 R 4 36K

# 1 CMIPS #y G sl 5o oA A1 S50
Table 1 Historical and land use datasets of the CMIP5

coupled models

e LS/ WK B A BEA PN

CanESM2 RH*1~5 INEE R AAGASIN 55 43 Ay o

GFDL-ESM2M X% 1 R 1] [ K KA SR M BR B

GISS-E2-H R 1~5 e 18] [E ZM A MR = Kk 4% )
BHETFIUIT

GISS-E2-R R 1~5 e 18] [E ZM A MR/ Kk 4% )
BHETFIUIT

HadGEM2-ES % 1~4 WAL RIS 0

RN AL S5 O S St R S SO 12 AN Y (R
MR AT —B AR — A BOARIR AT BT LV ERR%: (Pre-
industrial control run) [/ [FI ] i (Taylor et al., 2012).
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22 AHE #5840 (Consistency index, 1), HEAXUT:

(D KA THEX. PFRX EEX

A 3 1B 3 A XA — Ml o b v (AR
i, 19900, LA 1961~1990 4 30 4Ef M T 34F
Bk e, KRR E /DT 200 mm [FHLIX X
SrATRX, FEAFHEGEAH N . AT
THX 5 4B K BAE 200~500 mm 11X 48k 43 g 2
TRX, XA “Pim—RIL” ka1,
BFET NS TR Rdbdbde. 3 m R 7 R
SR AR FN PSR ; AERRK KT 500 mm ¥ [X 45K
K153 A 2R DX R X CARIF 0K -0 10 DX R
WX G, USRI X, X S T
KA IR AR . =5t s TLAEL I R LR b X
CnEl 1 Frs) e ARG TR UxX R, B ER
PR AN A A X A R A4 ) 20 20 1 Ho A
FHZZ A 1 22 57 o

(2) HuR U TR 2L

Hi R AR R B 52 B K S 28 UK I 2 im . B
HABRINE, HERZEU IR . KRR AR
MRAFH R T4k (Ma and Fu, 2007a). A
SR H Hh R R FE 4 (Surface Wetness Index, SWI,
Isw) (Hulme et al., 1992) SRR AE A [ X e 1) i
AR o Isw M R K 5 ARV A 25 R R T A

Iy = lezpi , (D
Zl Ei

Hdr, PR AR E (R4 mm); E IR A%
(EZEH U (A7 : mm), SKH] Thornthwaite (1948)
JPFEAT RS o Tsw REMERHUAS I o A5 RO 52 95
FA S TEAR, KR 2 TR AT 50
H] 9T CUN General Assembly, 1994; Ma and
Fu, 2003; Ma and Fu, 2007a). Isw FIT1255 %)
YR 2 iR

®2 WRIBHEHETIEFR

Table 2 Surface wetness index ranks

Bl e
0<Isyw<0.05 Wi+ 57
0.05<I5y5<<0.2 T5
02<Isw<0.5 Fof
0.5<Isw<0.65 N 5

Iw=0.65 i

(3) —FEK %
AT T PP AR O A AR B 45 R 1)
—EE, XHE G Wang (2005) & XH—EHEK

N,
. (N,=N,)
N +N,
I,=5 ° N (2
- =<N)
N,+N,

o, N, RIRFEANE BRI 2 T AR {405 K 1)
RIGNEL ARG 20 MRID, N, KRBl 46
TP IR I A5 R m R 2 BRI A
SR TTI, I IR/ INRIRASAL 45 J I — Bk
K, HERHE R T 50%.

3 #£H

HIEL CMIP3 #4545, CMIPS #or i e 5
R ARG VE 55 7 T AT — 2 I 4 s A ek, 1
SO BV NG B, AR T Br e AR
HIt B (Taylor et al., 2012). U 45 R 221
TX A 2 AT B AR L M P R ] DX 3 S B i R
Ba 7K 11 A 2 2 TR AIE 5 K AR A 94 (Chen,
2013; FRESE, 2013). AWFFPHERN 5 MG
AR R AL 7 Sk A 5 P AR P K R AR S o A
SE B U ARk 1) 2 TR AH DG R CIEIE D 43930 h
0.83~0.87 0.63~0.84, KA HAT LR LF
PR S1. Ji4h, 2R BnT AT ot d D A ik
W A R S R v 2 A T 8 BT A SR R AN A S 1 R
7 (Wang et al., 2005), i3 2 RiAGE G 45 L E L
PR A 2 G 5 AT 5E (Rowell, 1998; Palmer et al.,
2004), TEREA RN AR R Bl BE ) 1R
fli, ZBREEA IR L T AN B A
JJ (Jiang et al., 2005; #*5#F5%, 2007; Chen, 2013).
Pk, AR SR 2 X IX 5 AN R LA A 3 1 45
RT3 M
3.1 A A G ER X TR LR A Sk

Bl 2 25t T 2 HUEA 1 1901~2004 4
] XCTY) Tsw IRIEE SIS T 41 o AT S S
UK S R LA, 1901~2004 4 [ 3 X S8
R E AT, Lw B RN —0.104
(100 @) o 6 - HURI FE A 55 R34 1 R FH 2SR A
FCABEA TS 5t (7 S5 S 4h Rk 2 TR A% 5
ML) T, Isw BERH T BERLTEE, —
AR B W —0.036 (100 a) ' F1—0.068
(100 a) ' IXUEH 20 Tl b FE X 25 T 50k
B BB L R AR A LA A b s 38 BT 3 2K
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Fig. 1 Arid region, semi-arid region, and humid region in China
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Fig. 2 Ensemble mean /gy anomalies from 20 runs of five coupled models for the period 1901-2004 with respect to the values in 1901. Two scenarios are
‘Historical” and ‘Land use’ scenarios. Assuming the difference between the responses simulated by the two experiments (Historical —Land use) approximates
the effect of forcings other than the land use change. Thin line indicates the raw ensemble mean Isw time series. Thick smoothed line indicates the secular trend

by using the ensemble empirical mode decomposition method (Wu et al., 2011)
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Fig. 3 Boxplot of linear trends for /sw by total 20 runs of five coupled models for 1901-2004: (a) The whole China, (b) arid region, (c) semi-arid region, and

(d) humid region [units: (100 a) ']. The bottom and top of the box are the 25th and 75th percentile (the lower and upper quartiles, respectively), and the band

near the middle of the box is always the 50th percentile (the median). The black bands are within 1.5 inter quartile range of the lower/upper quartile, and + is

the extreme value
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