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Temporal-spatial dynamic change characteristics of evapotranspiration in arid
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Abstract: Using MODIS ET data of actual surface evapotranspiration products that were concentrated between 2000 to
2014, we used variable coefficients, the Theil-Sen median trend analysis, Mann-Kendall test, and Hurst index, to
investigate the spatial pattern of evapotranspiration, spatial heterogeneity of different dimensionalities, characteristics of
time variation, and future trends considering an arid region in Northwest China. The results showed the following: 1)
Evapotranspiration over the entire region was very low from 2000 to 2014, and the area of evapotranspiration, less than 200

mm, accounts for 38.329% of the total area. Evapotranspiration decreases from mountainous areas to the plains.
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Evapotranspiration data were obtained for different land covers, which are forest land, cropland, grassland, and sparse
vegetation, arranged from high to low. Mountain forests and grasslands that receive high rainfall have higher values of
evapotranspiration ( more than 400 mm) than sparse vegetation plains and grasslands that experience low rainfall (less than
200 mm). 2) The degree of variation in evapotranspiration over the past 15 years for the entire region is not obvious, but
shows a slight fluctuation. The proportion of areas with slight fluctuations in each subregion ranged from large to small in the
order of Northern Xinjiang, Tianshan Mountain, Qilian Mountain, Western Inner Mongolia, Hexi Corridor, and Southern
Xinjiang. 3) The degree of variation in evapotranspiration over the past 15 years for the entire region shows changes in the
fluctuations with a weakly decreasing trend, at a change rate of—0.9348 mm/a. An analysis based on the pixel scale also
shows a mainly decreasing trend. The degree of decreases in each subregion ranged from large to small in the order of
Tianshan Mountain, Western Inner Mongolia, Hexi Corridor, Northern Xinjiang, and Qilian Mountain. Only Southern
Xinjiang showed an increasing tendency. 4) The Hurst index average of evapotranspiration for the entire region is 0.689.
The area of the Hurst index greater than 0.5 accounts for 80.033% of the total area. The trend of changes in
evapotranspiration in the future for the entire region is mainly towards a persistent decrease. However, the trend of changes
for 22.003% of the area cannot be determined. The future trend of change in the degree of decreases for each subregion from
large to small follows the order of Western Inner Mongolia, Tianshan Mountain, Hexi Corridor, Northern Xinjiang, Qilian

Mountain, and Southern Xinjiang.
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BRAS AT A L
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Fig.1 Sketch map of arid region of Northwest China
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Fig.2 Flow chart of MOD16 ET inversion algorithm
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TRV H Xt IO AN [R) 4 Bt ) P R 34 AR Ak . 2% H=0.5 B, & W B[R] 77 810 2 58 Sl 7 19, A AR S Pk al
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3.1 MODI6A3 ZE & 7= ks 1AL

IHTEE 1, K a2 AR 25 R U 5 MOD16A3 S AU AR 28 B R BB W&, —E 11
Y X122 4 38.33 mm, FIJHXTIRZE N 12.29% , 37 MR 224 39.88 mm.MODIS ET 7= i 4F Z& 8 R (5 B A
it 5, 8L HOAE B R AS Tt 2 IX e R B (IS, ] AP TR SR PG b 1 52 X ZE R R 23 S S ERAE

®1 FITREXABFE MODI6A3 HiEHEEITM
Table 1 Accuracy assessment of MOD16A3 over the inland river basin in arid region of Northwest China

K —ET/mm

MR35 35, MOD16A3—ET/mm . 2% R 25/ mm AT IR 22/ %
. . . ET based on water .
Typical river basin ET of MOD16A3 Absolute error Relative error
balance model
1RSI Boertala River 300.47 259.60 40.87 15.74
IR B¥J] Hutubi River 415.24 377.73 37.51 9.93
FAT 5% 3530 Aksu River 321.84 272.40 49.44 18.15
JF#BIAl Kaidou River 397.53 351.59 45.94 13.07
B3] Heihe River 408.39 390.49 17.90 4.58

3.2 ZERULERYESIA) A0 A RRE
4 2000—2014 4F ) MODIS Z€H & 1 Al CRU /K B8 e 43 (E 3) , AT ET 155 [8] 4347

FHAEY ET (650 8 2, AR 0BT (32 2) .4 XA ZEHUKR X 30 ( ET<200mm ) 5 B ALY 38.329%
B X PR ZE B & X R A3 R - IN B2 T P BB (90.197% ) >3] P4 7 A (54.379% ) >t 5% (53.018% ) >R i
(50.557% ) >K 111 (10.149% ) >FR%E 111 ( 2.686% ) . 4= IX = 28 HL A& X3, ( ET>400mm ) o & [ AL 21.834%.

x2 BAETFEXEHET 5%

Table 2 Coefficient of level of average evapotranspiration in arid region of Northwest China

i B AR

. ST/ % Lt/ % Kl % M3/ % WEL/ %  WTGER/%  NETEEY %
FEUR/ mm . 1. .

Evapotranspirati Percentage Northern Tianshan Southern Qilian Hexi Western Inner

vapotransprration of the whole Xinjiang Mountain Xinjiang Mountain Corridor Mongolia
area

<100 2.192 0.042 0.005 11.206 0.000 0.972 8.169
100<ET<200 36.137 52.976 10.144 39.351 2.686 53.407 82.028
200<ET=<300 23.121 25.301 19.185 23.923 22.953 30.159 9.340
300<ET<400 16.716 14.751 21.494 11.960 30.087 13.656 0.457
400<ET=<500 14.790 5.683 32.452 8.550 28.451 1.807 0.007
500<ET<600 6.562 1.177 15.714 4.164 15.532 0.000 0.000
600<ET<700 0.458 0.070 0.987 0.739 0.291 0.000 0.000
>700 0.024 0.000 0.019 0.106 0.000 0.000 0.000

T 15 AFPEIL T RX BT (RN, 23 6] 23045 1280 1 1L X fi 900~ S 2 4 e a5 3 o 22 S 2 PR Ay
TRX Y S PR AU F2 22K 7 ARBL (FEK ) SEN K 50 i) i 4 HE 35 K 3R/, DT 52 ) 28 S A o
/N YL T B X BRI R PR O 2, 2R UK I R e FE L, (B AL DY BT B K B /D | b R
%, AR 25 O R ARE X AU R A0 Hrile 15 AFFaK i (18] 3) aT LA Y DXIOR R BB 3 1 1X 32 94 g 12 362
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B3 2000—2014 £ FEXEY ET FifEKEZES 6

Fig.3 Spatial distribution of average annual evapotranspiration and precipitation in arid region of Northwest China from 2000 to 2014
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i > B b S A R B, X RO R [R5 9 Bl S IR A A 25 57, S SO A AR P RE s Y DR
B 20 U DX A Pt RN T e R, SEA 4 7 5 3 0 b B 8 1 T S U 3200 5% (40 S A X, (o 4 2 L
KA 1 2 8] S .

F T MODIS ET a8 XT T ToAH B A 16 AU 1= VD8E S BESE BRI Z8 R AN AT T3 ICFE A i 9
PEIE SR IG TVEE  R R T AR UD T | TP MRVD RN RE X3 ET B 1% B 0 NoData, H AN ATH ST
.

33 %%Eiﬂﬁciﬂ%}%’%ﬁ
FHAR S 2805 v L T2 X ET 28 [ R A8 Sk (T 6) Ko IX AR 0 R I AR 5+ R 8L €V, o0 R
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Fig.4 Spatial distribution of land cover types in arid region of Northwest China in 2001 and 2013
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WU . L3 (60.482% ) > K 111 (50.667% ) > 415 3% 111
(25.54%) > N 5 1y PG 3 (16.238% ) > 1 ¥ & JiE (13.
619% ) >Fd i (9.694% ) .

M 6 AT LIE Y, m RS I de 3 2 Uk S i sh
AR (CV,>0.20)  PRA % X 8 T iR ) e T4 T 5
A S HER XY AT 2000—2014 AETE LT R IX AR A
WX R AR (B 7) BB, A1 X K i AR b
i BE W d KT 4 XL AR R K R AR AR o, (A 28 ik
B B 8 AN M 5 b s A e 3 | PR B R 3
3 45 T T gL 3 B TR AT A | T R BRE T A e, K L

400 ¢ ] 1 200148

% 73 20134

w
(=3
(=]

ET-FH#{E
Average evapotranspiration/mm
—_ S
= S
(=) (=}

0
A% F b7 s i TR
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5 2001 702013 FEILFRRX 4 FLEER ET F19E
Fig.5 The average evapotranspiration of four kinds of land

cover types in arid region of Northwest China in 2001 and 2013

#3 BLTERXET ENTRENSIT

Table 3 Statistics of variation coefficient of evapotranspiration in arid region of Northwest China

YT - . . N , .

BT i 5 58 e SRR e Rwe  mEe WEle WEER A
o - A SRR Hor/ % . . . .
Variation coefficient R Northern Tianshan Southern Qilian Hexi Western Inner

L. Volatility degree Percentage of L K L K i i
of evapotranspiration ° Xinjiang Mountain Xinjiang Mountain Corridor Mongolia

the whole area

CV<0.05 ik sh i 2.970 3.223 5.527 0.207 0.000 0.045 0.128
0.05<CVgr=<0.10 RTBARAY B 2k 40.905 57.259 45.140 9.487 25.540 13.574 16.110
0.10<CV;<0.15 TR 38.549 30.513 35.281 44.526 66.876 60.526 81.177
0.15<CV <020 L e ek 11.061 4784 12.145 2.611 7.509 24.695 2.058
CVp>0.20 [l 6.515 4.222 1.908 23.168 0.076 1.160 0.527
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BEATAT P SR FEATT QB J0R YDAt AT 5 B ) R R 1 10 S 72 A IX R 3 PR g S U TR AR Rl
SERGJRRE R SRS AN BRI SR AR NDVI i sh Y | S 80X S0k 1 e i sh A 1k

B 6 2000—2014 £t FEX ET HEREE

Fig.6 Spatial distribution of variation coefficient of evapotranspiration in arid region of Northwest China from 2000 to 2014

3.4 ZENCR B R A (LR .
AU TR IX AR RO BB R R R 2 Rl
2000—2014 4E MODIS ET #) Kl AE— e &bkl 55 ™ %&Q@%

GET (I 8).15 4RI, & KR RBCR & M e £
225—285 mm Z[0], Hirpdg/MA H BLAE 2008 4 (224.69 ol
mm) , Fx KfE HIAE 2003 4F(282.13 mm) .. X 48 T e T

VLRI R 1 28 R BT B, e KA 5 BRAE @7 2000—2014 EEAR FER MBS LR EFREARZT
2003 4 (414.92 mm) F12002 4 (387.15 mm) , Fz/]MESF  Fig.7 Inter-annual variation of precipitation in arid region of
BIZE 2000 4F (295.12 mm) 1 2008 4% (305.96 mm) ; Py  Northwest China and Kunlun Mountain from 2000 to 2014

St U X 28 & 2 B/, FUE 7E 117,71 mm (2013

) & 165.90 mm (2003 4F) Z [H].

T 15 A XAR I ZEHIUR 1 5 ik sh ARk, SVACA T8 A/ N 5 2B KR R -0.9348 mm/a. £5 I X [ ET £
I ] Y 91 b S [ R S (R s/ N 3, A2 k. Kl (-2.9116 mm/a) >INSEPTHT (-1.8266 mm/a) >T PG E AR
(-0.573 mm/a) >JLEE (-0.533 mm/a) >ABFE (-0.2559 mm/a) [V FG 584 B e #, A8 LR N 1.4216
mm/ a.

454 Theil-Sen median #5347 5 Mann-Kendall #5745 9455 , 155 2000—2014 4E 2 X AR ITREEHY ET 42
fa#s (3K 4 |81 9) FE Theil-Sen median %34  #l4E B HAYTHE LR, 73 oG (B>0) Fl i Ja i #
(B<0) P2 ; 7E Mann-Kendall A6 56 o178 BT 35 HAG 56 14 B 5 KA 0.05 445 53 7 B 484k (Z,>1.96 =X,
7Z,<-1.96) FIE b A& (-1.96<7 <1.96).

MK 4 AT H:2000—2014 4, 42X ET 25284k a3 i) 1 AR L BIHR O h 52500/ (53.518% ) > 521w
h(25.475% ) > . /N (15.761% ) > S E 01 (5.246% ) |, BIPE L T 5 X 28 B AR A #a S LIS N A 3, & IX
ET W/ E A - P 5% PG 35 (94.363%) > K 111 (83.022% ) > L 38 (76.367% ) >0 P4 5E JiE ( 70.039% ) > 4 i 11|
(44.556% ) > #5(35.056% ) .

AR S A (18] 9) FT AR Y AU SR AR itk | 1 /R B8 il | 45 oo Yl it ol | B0 40 S0 ] it e | WP 6] R

http ; //www.ecologica.cn



10 H

2
He

Eild 37 &

300
250-0—4///\’——‘\.\\//\'/?4 ~

200 L y=-0.9348x +263.4
R?=0.0795
150 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
2000 2002 2004 2006 2008 2010 2012 2014

—e— JugE e WEEER e ARED

W
Evapotranspiration/mm

00 ¢ — Bl —eRL e WRS
I y=-0.2559x +357.35 EggE: »y=14216x+203.76 K y=-2.9116x + 374.09
R?>=0.001 R?=0.062 R?=0.3494

400
=7
300 x//
200 = — =

o —— O

— ﬁ:.\‘7=.\v — -%.
100
P y = —1.8266x + 153.64 P ¥ = -0.573x +204.42  Jy38: y=-0.533x +211.68
R?=0.3526 R*=0.0159 R?*=0.0381
2000 2002 2004 2006 2008 2010 2012 2014

Ay Year

E8 2000—2014 £t FEREXFFR ET T

Fig.8 Inter-annual variation of evapotranspiration in arid region of Northwest China from 2000 to 2014

AR, R LR AL TR TS R e LA TAT YAt | A 2 T I Bl 2 TR A 0 2 ik e sk 2 R Dk DA Tk
W1 1o 2 R R e DN A Ml & e | A b BT 5 1) 728 1 5 i 3 2 WG R A7 R B 45 5 I XA R AR 1y 1Y) - b 8
FAUZS () 5347 (B 4) R R AR BE (2 5) , 43 B X280 & o6+ b A 55 A8 Ak i el hiz. 45 5 3% 6 "I LLE
2001—2013 4F , ZRUN 41 2 1) B b RS 75 e DX 22 SR e FHT L, 5 08 b0 2 16569.63 ke | T 60 A 48 IX 145+
/b 6366.32 km” | M4 LS I 22935.95 km? . i 7 AF# 1i AE A A FH M 1) X3, S 2 28 U e B N T 82.41
mm , B A R AR FE i X 8, S ZE ORI T 62.77 mm. 3 e PR SR N TV TR B4 B b EC - T R R A
B 5 B T R AR AT B B MR RR BAT Y DX, SR Bl A T sk i iE R DA B B 28 BOR #A
DI EE

#4 BILTEXET ENTHERSIT

Table 4 Statistics of evapotranspiration trend in arid region of Northwest China

PNy
ETAfe#ad Wort/% b/ % Kili/% % AREWN/ % £ % SPGB/ %
B 1Z,1 Trend of Percentage Northern Tianshan Southern Qilian Hexi Corrid ® Western Inner
evapotranspiration  of the whole Xinjiang Mountain Xinjiang Mountain ot omdor Mongolia
area
B<0 1Z,1>1.96 BEWN 15.761 10.055 32.502 4.947 3.572 9.316 42.385
B<0 1Z,1<1.96 LA 53.518 66.312 50.520 30.109 40.984 60.723 51.978
p>0  1Z,1<1.96 BHsEm 25.475 17.315 15.868 53.340 55.354 25.967 4.811
B>0 1Z,1>1.96 I ZE A 5.246 6.318 1.110 11.604 0.090 3.994 0.826
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R AT, R L Ly 3t RIS S Y HF 1 28 I R e 25 /D 3 3 S TR A s 36 S B 28 UK I A2 FE 1 B 7 A8 AL 1)
S A G SE R 1982—2012 4EF1 1982—2013 4F K Ly LUy Hb A1 ik JE A A 9% NDVI &2 i 25 F Pt s,

9 2000—2014 EFRILFERX ET Th#EHE

Fig.9 Spatial distribution of the coefficient of variation of evapotranspiration in arid region of Northwest China from 2000 to 2014

£5 2001—2013 £ TRER T B = H R IERE/km?

Table 5 Transfer matrix of land cover types in arid region of Northwest China in 2001 to 2013

2013 4
M S T — S -
Area of land cover Mt L3 PR IHL T AT St
Forestland Grassland Croplands Barren or sparsely vegetated Grand total
2001 4F M, 946.41 140.20 391.41 1478.03
T 8467.47 34751.85 43536.97 86756.30
A% i 691.66 18182.23 231.01 19104.89
TR AL 777.60 122898.57 6597.32 130273.50
Bt 9936.73 142027.21 41489.38 44159.39 237612.72
F6 2001—2013 BB B ZFT XA LENTA/mm
Table 6 Variation of evapotranspiration with the land cover types changed in 2001 to 2013
AWK EE IR AL T AE A —— R T b O —— AT
Variation of evapotranspiration Barren or sparsely vegetate-Croplands Grassland-Croplands
2001 4 127.30 267.73
2013 4% 209.71 330.50

3.5 ZEHUL ST

43HT 2000—2014 4F4: X ET /) Hurst $5%550%5 [8) 5347 [ (B 10) 058 ET 224k 30 52 2% B R0 R o284k
EEFGEAT IR . 41X ET () Hurst F8804 084 0.689 , Hurst 385U T 0.5 AYFEHE AT & LB 19.67% , KT 0.5 Y
T 5 H B4 80.033% , 6 B PG AL+ T X 255Uk 1Y I [l RRE M 45 , B AR () AR R 5 0k 2s— 3K

BN BT ARk B As A a3 K R 2k B 2000—2014 4F ET #9728 (k#3445 3 5 Hurst 155045 R TS
oA A5 2R R SRR R A 25 R (B 11,38 7) , DX TN 2 A 110 T R L SEAR U « FR S 2
/N(37.922% ) > T E (22.003% ) >FFEE MR N (20.783% ) >HFEE M W 08/ (14.282% ) >FFEL 1 i 3%
N (5.01%) , BRI+ X AR ET AR LR ARSI/ A 35 AT X P ET AR A28tk 34k /N BE A
W Z2THEE(87.265% ) > K 111 (69.888% ) >¥i] P 3 JHE ( 57.542% ) >AU 5 (50.895% ) > 4R 3% 111 (40.483% ) > 9
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E 10 2000—2014 £FEILFEX ET 69 Hurst 3585
Fig.10 Spatial distribution of Hurst Index of evapotranspiration in arid region of Northwest China from 2000 to 2014

B 11 #EFEXET fH

Fig.11 The predictions for the future of evapotranspiration in arid region of Northwest China

*®7 AIETERXET N3RS

Table 7 Statistics of the predictions for the future of evapotranspiration in arid region of Northwest China

5B R .
e e y " _— - . NS/ %
ET 2R HAA%  dus% KLt/ % Mo AEN/%  RPGERR % West
B 1Z,1 H Predictions for Percentage Northern Tianshan Southern Qilian Hexi ]es e
evapotranspiration  of the whole Xinjiang Mountain Xinjiang Mountain Corridor nnerl
Mongolia
area
B<0 1Z,1>1.96  >0.5 FREEMERERDN 14282 9.176 29.444 4.445 3.252 8.775 40.944
B<0  1ZI<L96  >0.5 FREHERGNEN 0 37.922 41.719 40.444 21.677 37.231 48.767 46.321
B>0 1Z,1<1.96  >0.5 FpgetRpdsn 20.783 10.812 13.469 47.698 50.312 23.661 3.604
B>0 1Z,1>1.96 0.5  Feive @ e 5.010 6.027 1.054 11.140 0.082 3.805 0.791
— <0.5 ok wE 22.003 32.266 15.589 15.039 9.122 14.993 8.340
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(26.122%) . 41X 22.003% [P X I AR AE AL A A TCIEN E , EZ AL /R AR 1L pa 3 ENES R Z b A6, 1% X 45
HRFE AR AR 75 B B .

4 ZR5iie

41 #5i5

(1) BT KIS T MOD16A3 7™ fhZE PG A6 T 52 X AL B2 - 448 %5 15 25 54 38.33 mm, -
AIXF IR ZE N 12.29% , Y5 M 1% 22 4 39.88 mm.MODIS ET 7= & AR DU A i e, 5 JHORS B AR 3l 2 X 3
MBS

(2) Z5 [al#E Jey I, 3l 15 AR PE AL TR IX ET E AL/ ET /NT 200 mm A9 X 38K &7 56 180 U 38.329%. 3% ¢
IR ZE L JE R 2s (8] 3R B0k B L DX A0S JR 0 /0 B4 R A 2 b SRS I, BT A9 5 fHL X (> 400
mm ) FELE R L BT IR 2 RIS L1 45 L DX AR R BT ARAE X (<200 mm) 32 B27E R 838 B 20k
2% LIRS R Z M 0T G A TR ) B RN BT X, AN ) A 7 25 A 2R IR e 2 5 0 RO > A FH > B b
>R A DY

(3) X353 AR 5 T, 15 AF (] PG b 1 52 X ZE UL 28 S AR BN Sk | 25 738 S R B 1 LU 1A < AR X AT P i
B2E 4K (40.905% ) >H A% B8 1K (38.549% ) >AHXTH =5 1 Bl A8 16 (11.061% ) > 1= % 3122 4k (6.515% ) > ik
AL (2.970% ) 45 T IX N IS AR XY F R - JE 3 (60.482% ) > K 111 (50.667% ) >ARI%E 1L (25.54% ) >N 52
WP (16.238% ) ST PUE R (13.619% ) >FE 96 (9.694% ) fHAS — 4212, B 1L JU AU 1075 B 3h 28 1k 2
AR Baf 7K A 258 A v B S0, AT it 5 ) e U B 8 AR D 55 e TR K T A 45 A 8 A R A o A A A SN
ILEXEPS

(4) FERFRF A L 15 AR PH A0 T 2 AR 4 Z8 0% 2 52 0 8h A8 Ak, IR T s s/ 34 AR 4k R o
~0.9348mm/ a. # X 18/ NEAFEE A 5 K1 (-2.9116 mm/a) >IN PGER (- 1.8266 mm/a) > P4 E i
(-0.573 mm/a) >JtEE (-0.533 mm/a) >ARIEIL (-0.2559 mm/a) , (X Fg 58 A 8 #3220 1.4216
mm/a.

BT BOTRER It R 2 X ET DIs/ N AR a3 & 4280 LR - 525080/ 0N (53.518% ) > 521
BN (25.475% ) > B 3E /N (15.761% ) > 5B FH1(5.246% ) e | AU 3@ A il s R 1L AR AL 48 vh 3 B
SRV ORI I S 2 R AT B3 a3 55 b b B 55 AR A G R L 1L T S sk B () 2R UR R t E
AN SRS AR 55 A .

(5) Xt RS S M 5 1, PE AL 52X ET A9 Hurst F85091E 4 0.689 , Hurst FEX0K T 0.5 AU B AT (5
LI 80.033% , F W 4 X ZE AR AK A AR 0 5 0 25— B BAR SR U, 4 Tt 26 #84 iy T AR LU R« ek
BRI/ N (37.922% ) >TCIEE (22.003% ) >TFELPERR G I (20.783% ) >HF2eME B 25080/ (14.282% ) >FF4L
PR EEIN(5.01%) , BPAK X E) ET 28 b S LURF a0 Sy 32 Horh 22.003% DX 38k 1) 742 £k 8 34 T8 15 1
FE, BB AAERTRZE L 3 VB IR b 32 DX IR ok 2R UK 1 728 AR D0 5 BE R 8 G . 45 W X ) 25 1]
SRS B N N B2 EE (87.265% ) > K 111 (69.888% ) >¥A] P4 7 AR ( 57.542% ) >At.4% (50.895% ) >
AR 1L (40.483% ) >FH 4 (26.122%) .

42 e

(1)MODIS ET Bin 4 i s k% i 7 MR MZE & )2 K 7378 & R Wy 28 10 | i b s e 1 5
ORISR T 2 1 (0 A 25 A 3 3 K ST Ak (R B0 UE 327 i ORI (A i, (L S 8 SR AR i A X el R
FORIESE. DRI #5525 (] 43 BF 22 9 MODIS ET 8 45 T LAl HI T4 7 X Sk 28 UK 1 B 25 Sl AR AE , D0 AR L izl
SRFR A PEIL TR IX.

(2) PHAL 5 X ZEHI K 125 (A% S5 32 K R = B 55 B 255 S ). i A P B, /KRR /0, DR T S B 26
JRARARL DX AT AR ™ IR AR 342 L R R L 58 v DR L Bk U AT = AR T ) 320 7 0 R B /K A 2 | (i 2R N & i
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I U1 A TP SR 5 R o F 30 R M 02 5 R ) 0 3 7 R 0 3 3 M > 4
> B> AR 9 25 G 7 SRR e ST W, ) T P B A T I A T A
% A A K TR IR R R T R S5 E TEHE55 i FE NOAH i ot B840 T b B 2 e AN
A TR R A/ N S B 2 DAL M DA ] £ P 0 B2 e A > B B > B>
TR, SABFFEHOL5 AR Bt | ACTIFSE 925 36 AT PG 1L 58 06 A [ % ) 44 FE 28 A b o 0V T 970
A,

(3) 5 A BRI L A0 S T, 2000—2014 474 A O LR I 0 3725 11 15 o 26 3
Ak P T 5K P A 5 4 e T IR Sl L T S S R R D A A
R 6 2 AR BUR B3N < e A K 3, S X R 5 S P R T JUR A A SR
59 5 FE L1 I AR A T M e R R 5 70 e o B B ) P 9 A B B
5 UL RGO L ASFIEAT LT D38 - A 11 SR ML 52 AP AL T LK 40 6 ALK, AMHER ] R FY 2
A LA P R4 ST | 3878 T2 ] 5 T 7 h 2R D B 1UAE 6 /ML IX I R R — 1 i, SR
LR B 0 e Bl (bt 2 AR IS4 1Ly TG 2 G ) 52 7 P A e 25 el A o 2 5 AL 5
Hi— G —FE I RGE 1 SR 2 14 ST 40T | 7 BR T X LA AR A0 16 Fe e, AR B 15536, WA
ST LK SR T T AR M R RS T 5%

(4)2000 4F LA TIL T 51K KH0 43 B e 4 08 OIS 8 7 F 7 —=0.9348 mm/a, X 151X B
IKAEARAT — IR R T 25 ) HOTESE , FlE 10 45 P-AL 5 K Wk R B IR L 66 OF LA AT 45%
S WK 20 HEZE 90 4R AR BL IR/ B8 MR ARG MK 5300 | S L - 7 X S D B
W ARBSE 5 Nature ™ 1% 3219 1Tk 5> BEA A S S0 2 BRIR TS BUR 2 F RS 2598 e — B 5
%5 15245 B P GLEAM SEJORTES 157 h [ 1980—2011 4R b A0 7 1 P P 3 O 25 A 0 B A4 R
WIS A B 10— B AT TN PAL T S IK R B A LR B 7 5 B0 5007 , Rk iR bR s fl A A K
BRI T T KA R (BT T — 2 5%,

(5) K, 4K 2 MUK PRSI TR L TR A — 4 | 6 T I HO B INEA B Y - 495238 7 905> L > 00 72
B> S8 > HS 1L1 > . SRR S0/ 7 A, RS 72 BRI 5 T 5L Ak 0 25 P B 0 i
SO SR T N | G L A S5 0 M 55 S0 T 5 28 A 3 D 3 4
AL B X BRI R e e P A 3T L, 26 R W/ B 75 S PR R R T ORI A
RGN F et R UL, T ORI A 5 PR B 00 P R 0 72t B R I, T T K91 1
BT IRABFIE.
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