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mean, maximum, and minimum temperatures have risen in most of the study areas. The increase in daily mean
temperature is greater in the northern ecologically fragile zones than in the south. The increase in seasonal mean values
for daily mean, maximum, and minimum temperatures in the northern areas and daily minimum temperature in southern
areas was largest in spring and smallest in autumn or winter. (2) Annual and seasonal precipitation, averaged over the
whole area, showed no clear trend. Precipitation anomaly percentage increased in spring and decreased in summer in
most of the study areas. The annual, autumn, and winter anomalies mostly increased in the north but decreased in the
south. (3) Relative humidity was mostly on the decline, with positive trends found only in autumn and winter in the
southern part of the Loess Plateau and in winter in the ecologically fragile zones in the arid and semiarid areas, which
also showed a large precipitation growth trend. (4) Wind speed decreased in most areas, with the largest downward trend
occurring in spring. (5) Pan evaporation averaged over the whole area decreased in spring, summer, and annual amount,
but it increased in winter. Seasonal and annual pan evaporation decreased in most areas of the northern ecologically

fragile zones. Pan evaporation decreased in most areas of the southern ecologically fragile zones during spring and

24 %%
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summer, while it increased during autumn, winter, and annual amount.
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Fig. I Distribution of ecological fragile zones in China
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Table 1 Sen trend of daily mean temperature anomaly of ecological fragile zones in China from 1980 to 2014

H P15 IR 85 Sen i#434/°C (100 a)™!

RE FET HET KT8 AT T
21X 5.0 3.2 3.6" 2.5 357
677 RAMEHH X 3.8 41" 43 1.6 32"
B AL 55 X 6.4” 41" 41" 45 48"
B e A 55 X 6.4” 3.5 32° 42 41"
FHRPTREIIHIX 63" 3.6” 4.4" 0.5 3.4
TR 5SS X 3.6 3.0 34" 517 3.8”
F 77 AR 55 X 337 23" 26" 33" 3.0
VU T 2 VA L b A A 55 X 3.57 1.6° 25" 2.6 25"

* ek R ORIEIT 0.05 .0.01 (IS FERG S, RIE .



S EE K B WA 24 %

460 Climatic and Environmental Research Vol. 24
1.5 —
E —=-="+-The whole area
o 10 — —e— North of the Loess Plateau
> -
g 0.5 =
8 -
& 00—
o =
2 -05 -
2 3
3 1.0
GEJ E
= -1.5
_20 = T T T T T T T T T I T T T T T T T T T T T T T T T T T T T T T
1.5 —
-| —-—- Farming and pastoral areas of northern China
g 1.0 = —e— Chinese arid and semiard area .
s =
= -~ 2 N g
£ 93 SN NN\
S 00 L\ \. /./
o E \ \ \
2 -05—
© =
g -1.04
= =
(0] 3
= -1.5 —
_20 — T T T T T T T T T T T T T T T T T T T T T T T T T T T I T T T
1.5 —
J —-—- Tibet Plateau ‘ ©
Qo _ —e— Farming and pastoral areas of southern China / AN
s 1.0 — N /
= 4
s 05— .
c v
© 1 i \
S 00
& ] !
@ K \//
g -05 \¥,
] ‘ol
5] . \
[ = ¥
-1.0 4 !
T T T T T T T T T | T T T T T T T T T | T T T T T T T T T | T T T
1980 1990 2000 2010
Year

K3 1980~2014 4t [E AR A NE 95 IX 4T3 URBE T (BAAL: °C) BFIIFFPF: (o) ARG X 4 XA s duiiess X (b dby
ARG X FI T T FEET X s (o) 798 I 59 DX A R 7 AR Ui 35 X

Fig. 3 Time series of annual mean temperature anomaly (°C) of ecological fragile zones in China from 1980 to 2014: (a) The whole area of
ecological fragile zones in China and ecological fragile zones in north of the Loess Plateau; (b) ecological fragile zones in farming and pastoral areas

of northern China and Chinese arid and semiarid areas; (c) ecological fragile zones in Tibet Plateau and farming and pastoral areas of southern China
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Table 2 Sen trend of daily maximum temperature anomaly of ecological fragile zones in China from 1980 to 2014
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Table 3 Sen trend of daily minimum temperature anomaly of ecological fragile zones in China from 1980 to 2014
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Fig. 4 Time series of precipitation anomaly percentage (%) of ecological fragile zones in China from 1980 to 2014: (a) Annual mean in the whole
area of ecological fragile zones in China and ecological fragile zones in north of the Loess Plateau; (b) spring mean in ecological fragile zones in
Tibet Plateau and farming and pastoral areas of southern China; (c) annual and summer mean in the ecological fragile zones in farming and pastoral

areas of northern China
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Table 4 Sen trend of precipitation anomaly percentage of ecological fragile zones in China from 1980 to 2014
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Table 5 Sen trend of relative humidity anomaly percentage of ecological fragile zones in China from 1980 to 2014

AT 6 ~F 1 73 %€ Sen a3/

X 35 HFZ HZ *7E EES i
£IX -0.2%" -0.2%" -0.1%* -0.1% -0.2%"
b R F5 X -0.1% -0.2%" -0.2%" -0.2%" -0.2%"
i JE AR S X -0.4% -0.3%" 0.0% 0.0% -0.1%
B v T e M 55 X -0.3%" -0.1%" 0.1% 0.1% -0.1%"
T 2T 255X -0.3%" -0.2% 0.0% 0.1% -0.1%
T i e R 55 X 0.0% -0.2% -0.2% -0.3% -0.1%
BT AT X -0.2% -0.1%" -0.2%" -0.2% -0.2%"
PR A I LA AL 55 X -0.1%" -0.1%" -0.1%" -0.1%" -0.1%"
4.0%
= @)
2.0% —
0.0
-2.0% —
) ] ‘\'/\‘ 7 ‘\
_4.0A,—: \‘/, -\‘
-6.0% —| —-—- The whole area \
-| —e— Karst desertification areas of Southwest China \_\
_8'0%1\\\\\II||IIII1\IIIIIII\\\\\III
o 15% —
g = (b)
S 10% —3
2] =
g 5%
> 4
£ 0 P
2 Ed
S -5% 3
= =
g -10%
3 -
S -15% < —-—- Annual
2 - —e— Spring
%—20%_\\\\\\\x||||||\\\|||||||
['4
10% —
] 4/\ r‘ﬁ\ﬁb N /
R PANDA Af\
T/V - \/ v
N \/
-10% —
-20% —
] —-—- Tibet Plateau
| —e— Farming and pastoral areas of southern China
—30%1\\\\\\[||||||\\{|||||||
1980 1990 2000
Year

PS5 1980~2014 4F o [ A2 25 [ 59 DX AR AT BE BT B 20 SR P50 (CBANT: %) (a) H IR AR ZSHE 55 X 43 IXORIT PG R 25V L A AL i 59 X 4
FH (b)) FRPFRMIIXAEMETFY; (o) il NS X AR 77‘7&41?5(%5‘5 XHFF11

Fig. 5 Time series of relative humidity anomaly percentage (%) of ecological fragile zones in China from 1980 to 2014: (a) Annual mean in the
whole area of ecologically fragile zones in China and ecological fragile zones in karst stony desertification areas of Southwest China; (b) annual and
spring means in ecological fragile zones in Chinese arid and semiarid areas; (c) spring mean in ecological fragile zones in Tibet Plateau and farming

and pastoral areas of southern China



k5 3 5B A
Climatic and Environmental Research

464

24 %%
Vol. 24

B, 2, MNFEEFSE. 211HEY], vhEs
o L A VR A 55 DX )RR R P ST 7 20 3R DAIRAE
Bl T 2T RM5 X BB A AR A
PR RAE 2010 E LG JL-FEEHL TR N
1980 “EARAK I 4t 7 8 o o A0 B 7 AR A5 551X 1)
FARHI B K, 2000 E LUE IR R . ™
ARG TG IX 20131 2014 4F [ AH X 18 2 R F 1 4y
R, 20t LCk, A2 HE 55 XA S &
M TFRBEEAE ARG REAR - (FEMK
76 9, 2013; Wei and Wang, 2013; 2§ %%,
2016

34 XE

AR S M 55 X RGHE BE A i b s, SRS
it 55 X5 28 R AR - 389 JRGER PR o/ i 35 140183 T 99%
s RS, AT 2T 508 X it o X
BOXGER MR . ETmE, FFEEASHEX
RO BEF kD B R R K. fEEESHHEXF,
Fb 77 AR AR RN g i S M 55 X R R R R K,
% 2= W H R (1Y) Sen #3453 71 922 m/(s 100 a)Fl-
2.5 m/(s-100 a)-

F % XORGE BE P IR )7 40 (EL6) AT %, A
1990 FEAR T U, X Jb77 A A ME 55 X A s
Ji i 555 DX X PR ST () ek A s e, B A DMIRE B
Bl1; 2000 AT 46 FE 5 A HOME 55 X1 U #E P
I RIGKES . 6 A, A
DX B G A7 76 i BN 10 5 22 A I AEAR B i 3, &
35 1980 AR 2] 1990 FFARAK B B 4 vy J5 AL ¥ id 95
X, 1980 FFEAK F 2010 A ) B 4 i JiR 7 M 55
X, PLJZ 2000 AR5 1 5221 5 55 X A0 P g

A LA A RE S X
35 BEMELE

B IR AT AT 1R 75 L 28 R F A RE A D) AR R
HAKARRZE KRR, AR SEhr 28 K =,
EXF T T ff K T 28 & & 4k LR A& 35T
VINIER

HE 7RI AT, 354k, AXAEZE K MLZE K =i
ERBEEY, 20104, 2011 4F. 2012 4E 2% A I 7%
REHTFHSRWK; EXAFRERNERER
FH#aFH, 2009 4. 2010 F 4 2= 78 kL 28 K =R
S 3 Ee A 15 o

ME 6T H, &XF. BEXRIMKEKREEF
B ENB S, AR KES, £ZFESeniE
#H0.3%/a, EKEFIET T 0.01 1IEEAR. b
J7 HEASMEES X DU ZRFNAE 28 R I8 R JEBE~F H 2 R K
oy BbiEds, RADHG X 2K E, o
st E LRI X 42, Jb R ARG IS X Ak =0
%78, HALTTARANESS X 4221 Sen#a# 4 0.5%/a,
KB AIET T 0.05 G LK. mE ARSI IX
. BERRNAE KRR BHR AT, K £F
FEEZE R A K RS . Him s X 4
2 G i I L M A ARG 55 X R R 28 R L 28 K
PP H R MK+ EE, HSeni&a® /5N
0.7%/a F10.5%/a, K EHAB@EL T 0.01 115 E
o o

HY 4% X 2% T2 % 0 1 40 3R A I ) 5 471
(BB mrgn, db77 A HESS X 2010 4F 7 45 28 & DL
KRERE, RINKRMAERBETVFOHERLE
PIEAMIKREL 2010 4F . 2011 4F . 2012 4E 2% K ML 7%

z6 1980204 FEHFEESRBRELNELAEE FEHES R Sen &R

Table 6 Sen trend of pan evaporation anomaly percentage of ecological fragile zones in China from 1980 to 2014
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Fig. 6 Time series of annual mean wind speed anomaly (m/s) of ecological fragile zones in China from 1980 to 2014: (a) The whole area of
ecological fragile zones in China and ecological fragile zones in farming and pastoral areas of northern China; (b) ecological fragile zones in north
and south of the Loess Plateau; (c) ecological fragile zones in Chinese arid and semiarid areas and Karst stony desertification areas in Southwest

China; (d) ecological fragile zones in Tibet Plateau and farming and pastoral areas of southern China
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