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Fig. 1 The distribution of meteorological and hydrological

stations in the Nujiang River Basin
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Table 1 Monthly distribution of precipitation in typical stations in the middle and upper Nujiang River Basin

‘ [ 7K 2 H /e (%) ARSI R K
ATE ()
2 3 4 5 6 7 8 9 10 11 12 (mm)
TR ith 07 06 0.9 22 74 191 242 229 160 46 08 05 4359
RE 10 1.1 14 2.6 95 222 212 18.4 157 54 08 06 585.3
TH 05 12 2.3 3.8 84 198  21.8 18.5 151 65 16 05 644.8
gl 36 77 12.7 119 86 132 11.7 9.2 9.2 79 27 16 1713.5
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R2 RILBBGEANERNE A S EIF(%)

Table 2 Monthly distribution of flow in Daojieba station in the Nujiang River Basin (Unit: %)

11 2 3A 45 5H

7H 8 H 9H 10H 11H 12A

BEEE 2.0 1.8 2.7 44 75

19.5 17.7 13.8 8.8 43 2.7

£3 BIIREBH EFHZESEEAR(C/M02)
Table 3 Change rate of air temperature in dry season in the middle

and upper Nujiang River Basin (Unit: °C/10 a)

R4 RILREAF LA RESROKRETF

Table 4 The departure of winter and spring precipitation in the

middle and upper Nujiang River Basin
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Table 5 Change rate of precipitation in the middle
and upper Nujiang River Basin (mm/10 a)
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Table 6 Winter and spring flow variations among different decades
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Fig.2 Low flow variations in Daojieba station
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Fig. 3 Minimum flow variations in Daojieba station
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Table 7 Low-flow indices value in different decades

in the Daojieba station (m’/s)

1960 s 1970 s 1980 s 1990 s 2000 s

Q75 489 510 488 571 563
Q90 383 381 359 438 448
Q95 364 359 338 407 417

b I R b o=y Sl e N R A N R B g (AR 8 1]
FEREAK, HHIE 3435 J iy 3, 44 H fes
SR B3 IR A 20K 2 SRR R 38 i AE
RARARE b2 R TR BE A in o X TRk
M5, Al s R A R RoK R BA I,
AR B R T AR R K B R A T
(6.5~7.7)mm/10 a2 [i] , HIEGIEESEI A B3

2) REYLPIBA AR PAEUT 50 a R B A T
S AR AL . 3T 50 a Sk, A4V I S 40 4
T NG - Y i e A 35 B i R 4 (43
F T a=0.01 Ka=0.05 )5 /K ) , HH KR 0] 43
5ok 18(m/s)/10 a Jz 44(m*/s)/10 a. H5— 51, G
WHEAERL /N 1.7.30 & 90 d i 45 RS =M AR R
S 75%, 90% f 95% %5 A Al f4IE F Ak K A2 Ui
FEAFEE, 1990 s 12000 s Y378 i T HARAEAR, 388
20 tH22 90 4EAC LI , By T b h_E iR K AR A

BN BRI

3) TSR LA A g N, 547
MR KGN —E R R B, T
Rl X IC R AT AR R BRI 5T L A
BT P e A 2R R Z A e e s L,
Al A L TR T e = R KO AR R B R 5 P
B RIS E WA AR AN LA R A 32, R
AR ZAR L i S BRI —RE R

2% 3CHK(References):

[1] IPCC.Climate change 2007: The physical science basis, summa-
ry for policymaker[R].Geneva: IPCC,2007.

[2] Nema P,Nema S,Priyanka R.An overview of global climate
changing in current scenario and mitigation action[J].Renew-
able and Sustainable Energy Reviews,2012,16:2329-2336.

[3] DR, T 26 AR A b ) FH 72 A ) 452 38 28 A 5 Wi A 5%
—— LU T gl P 3 b XA 491 (0], 3t B 4%,2012,32
(5):635-640.[Liang Guofu,Ding Shengyan.The impacts of cli-
mate and landuse changes on the runoff effects: case in the up-
per reaches of the Yihe River, the Yiluo River Basin.Scientia
Geographica Sinica,2012,32(5):635-640.]

[4] Arnell N W,Gosling S N.The impacts of climate change on river
flow regimes at the global scale[J].Journal of Hydrology,2013,
486:351-364.

[5] Van Vliet M T H,Franssen W H P,Yearsley J R et al.Global river

discharge and water temperature under climate change[J].Glob-



112

Moo B

il

Ea 364

(6]

[7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

al Environmental Change,2013,23:450-464.

AR TR, AR ). AU AR KRR 5 K R ) 5 M
I8 L5 IR [7]. M HUBL 2#,2013,33(4):457-464.[Li Fengping,Zhang
Guangxin,Dong Ligin.Studies for impact of climate change on
hydrology and water resources.Scientia Geographica Sinica,
2013,33(4):457-464.]

IRAELAR RV T o S PR 2L A X A SRS A i B B Hod
N XF 5 (7). M BR R 2% E H2,2006,21(5):459-464.[Yao Tandong,
Zhu Liping.The response of environmental changes on Tibetan
Plateau to global changes and adaptation strategy.Advances in
Earth Science,2006,21(5):459-464.]

Immerzeel W W,Van Beek L P H,Bierkens M F P.Climate
change will affect the Asian water towers[J].Science,2010,328:
1382-1385.

AL 1215 057 5 2, 551766 AR LR BT rh iR AR I
A5 AR 1 ] A5 1 0], 3 B AL 27,2013,33(9):1145-1149.[Pan Wei,
Yan Fangfang, Zheng Jingyun et al. The synchronization of natu-
ral runoff change in flood-season of upper and middle reaches
of the Huanghe River in 1766-2004. Scientia Geographica Sini-
ca,2013,33(9):1145-1149.]

TLEEE A 5 UL ZPAR A (1): U
AR B g S AR 1] AR AR AR T 5T 7,2006,2(1):3-8.
[Ding Yihui,Ren Guoyu,Shi Guangyu et al.National assessment
report of climate change (I): climate change in China and its fu-
ture trend.Advances in Climate Change Research,2006,2(1):3-8.]
THE 2, 2 e T 90 ST 50 AR K AR AR AL RAE 1A 5T
[J]. T 5 X Hb ¥H,2004,27(1):41-46.[Wang Yan,Li Xiong,Miu
Qilong.Analyses on variety characteristics of temperature in
Qinghai-Tibet Plateau in recent 50 years.Arid Land Geography,
2004,27(1):41-46.]

T SR T R D A M DX A S AL IR [R] 14 LE A
[7]. K5 B} 2£,2008,32(4):794-805.[Ding Yihui,Zhang Li.Inter-
comparison of the time for climate abrupt change between the
Tibetan Plateau and other regions in China.Chinese Journal of
Atmospheric Sciences,2008,32(4):794-805.]

KDL AT, AR, A5 75 9650 ST 40 APk UBASALRRIE
W90 PR BT g B [J]. Hb B R 2%,2012,32(12):1503-1512.[Jiang
Yongjian,Li Shijie,Shen Defu et al.Climate change and its im-
pact on the lake environment in the Tibetan Plateau in 1971-2008.
Scientia Geographica Sinica,2012,32(12):1503-1512.]
BRI ', AR T, A5 7 D DX SR A0 A e B 2 S 1
BIF 5T [7]. 5 A0 728 AL AF 5T 32 J72,2010,6(3):181-186.[Li Lin,Chen
Xiaoguang, Wang Zhenyu et al.Climate change and its regional
differences over the Tibetan Plateau.Advances in Climate
Change Research,2010,6(3):181-186.]

AR, 23 T SR I, S5 T S i AL DX T G K AR U
AR AL [7]. Bl 2% 3 $7,2005,50(21):2403-2408.[Cao Jianting,Qin
Dahe,Kang Ersi et al.River discharge changes in the Qinghai-Ti-
bet Plateau.Chinese Science Bulletin,2005,50(21):2403-2408.]
XUHTA A ISRV AR B v I 25 3 A R B Ak
3], B 2% 417,2013,68(3):365-371.[Liu Xinyou,He Daming.

[17]

[18]

Temporal and spatial distribution and its change trend of sus-
pended sediment transport in the Nujiang River Basin.Acta
Geographica Sinica,2013,68(3):365-371.]

AR, ] A I RV R B H A A A 3 (0] L PR~ 4R,
2012,67(5):621-630.[Fan Hui,He Daming.Regional climate and
its change in the Nujiang River Basin.Acta Geographica Sinica,
2012,67(5):621-630.]

T2 VR, 2 1, A5 T 40 45 PG JR VLA A8 b 1 AU A
Je 75 Ak 4 S [0]. Hb BE 24 §17,2009,64(5):581-591.[Du Jun,Weng
Haiqing,Yuan Lei et al.The climate characteristics and chang-
ing trends over the Nujiang River Basin in Tibet from 1971 to
2008.Acta Geographica Sinica,2009,64(5):581-591.]

[19] BkyA7H B, X8 R IRV K 5 A A B Ho B 542

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

L AR5 W 43 BT (], ¢ IR 27,2012,34(2):202-210.[ Yao Zhijun,
Duan Rui,Liu Zhaofei.Changes in precipitation and air tempera-
ture and its impacts on runoff in the Nujiang River Basin.Re-
sources Science,2012,34(2):202-210.]

SRTT IR, 1 724 KR B, 45 ARV L A AR AL RFAE Bk A ek
A5 Ak, B Wi R7 (3] B} 27 3 412,2007,52( 3% 1] 11):135-141.[Zhang
Wancheng,Xiao Ziniu,Zheng Jianmeng et al.Characteristics of
the Nujiang River runoff for a long term and its response to cli-
mate change.Chinese Science Bulletin,2007,52(zkII):135-141.]
/I LEA W 9550 S N 2 N e (B S oS e R
1 Je 5 5 2 KR 06 & 9], B 2 38 $1)%,2007,52( 34 1) 1):
128-134.[You Weihong,Guo Zhirong,He Daming. Variation in
transboundary flow of Nujiang River and its correlation with
summer monsoon under the effect of the Longitudinal
Range-Gorge.Chinese Science Bulletin,2007,52(zkII):128-134.]
IR AR, T A, e 1, A I T XA T R S A 7 R Wi
[958 MY 42 #F5¢,2012,32(1):103-110.[ Ye Baisheng,Ding Yongji-
an,Jiao Keqin et al.The response of river discharge to climate
warming in cold region over China.Quaternary Sciences,2012,
32(1):103-110.]

XA P M, FEBORE AVT K B IR S A (0] LRSI,
2008,39(17):64-66.[Liu Dongying,Shen Yanzhou,Wang Zheng-
xiang.Water resource characteristics in the Nujiang River Basin.
Yangtze River,2008,39(17):64-66.]

KIGEAR M 75 98 o5 D B FLAT AT DT 30 4R UL I 594K
1o B YOG R[], 7 DR R0 42,1998, 17(3):245-249. [ Liu Xiaodong,
Hou Ping.Relationship between the climatic warming over the Qin-
ghai-Xizang Plateau and its surrounding areas in recent 30 years
and the elevation.Plateau Meteorology,1998,17(3):245-249.]
RREAR X IDEAR, 2 . i e S X P S AR BE T 0
27 38 412,2000,45(1):98-106.[Yao Tandong,Liu Xiaodong,Wang
Ninglian et al. Amplitude of climatic changes in Qinghai-Tibet-
an Plateau.Chinese Science Bulletin,2000,45(1):98-106.]

Karl T R,Kukla G,Razuvayev V N et al.Global warming: evi-
dence for asymmetric diurnal temperature change[J].Geophysi-
cal Research Letters,1991,18(12):2253-2256.

Karl T R,Jones P D,Knight R W et al.A new perspective on re-

cent global warming: asymmetric trends of daily maximum and



144 WA I SO AR RV P LA 2 A A A BCH X A A A ry i 1o 113

minimum temperature[J].Bulletin of the American Meteorologi- Earth Science,2008,23(4):382-389.]

cal Society,1993,74(6):1007-1023. [29] Smakhtin V U.Low flow hydrology: a review[J].Journal of Hy-
[28] FRNLEE, MG, 38 AR A0, A5 0 P I D it il e o i B i drology,2001,240:147-186.

KR KPR X 0T A2 G 145 i [0 3K 27 0F Ji%,2008,23 [30] B 5 4, K 8 A R A G4 IRV REL A 5 a2 e (0] /K HL RE DR

(4):382-389.[Mu Xingmin,Gao Peng,Basang Chilie et al.Esti- 2£,2005,23(4):61-64.[Huang Guoru,Chen Yonggin.Review of

mating the impact of conservation measures on stream-flow re- some problems about low runoff.Hydroelectric Energy,2005,23

gime in catchments of the Loess Plateau,China.Advances in (4):61-64.]

Low Flow Variations in the Middle and Upper Nujiang River Basin
and Possible Responds to Climate Change in Recent 50 Years

Luo Xian, He Daming, Ji Xuan, Lu Ying, Li Yungang

(Asian International Rivers Center of Yunnan University, Yunnan Key Laboratory of International Rivers

and Transboundary Eco-security, Kunming 650091, Yunnan, China)

Abstract: The impacts of climate change on hydrological processes in Tibetan Plateau are complicated and sen-
sitive, and the resulting water resource change could have profound influences. Nujiang River, sourcing from
Tibetan Plateau, is an important international river in southwest China. Taking use of long term records, air
temperature and precipitation variations in the middle and upper Nujiang River Basin during 1960 to 2009
were analysed. On the other hand, seasonal flow, extreme flow, and flow duration curve in Daojieba station
were compared to study the variation characteristics of low flow and their responses to climate change in re-
cent 50 years. The results show that winter and spring air temperature had increased, and the rate in winter was
higher than that in spring, which increased with altitude. In Naqu station in the river source, the increasing rate
of winter temperature could reach 0.81°C/10 a. In addition, daily minimum air temperature in winter and
spring in the middle and upper Nujiang River Basin had increased more quickly and significantly than daily
maximal air temperature, which showed that increasing mean temperature was largely due to rising nocturnal
temperature. The trends of winter and spring precipitation were both increasing. The increasing rate of spring
precipitation in Naqu, Suoxian, and Dingqing stations were between 6.5 and 7.7 mm/10 a, and spring precipita-
tion in these 3 stations in 2000 s were 54.4%, 35.6%, and 18.0% more than the average value. Winter and
spring flows in Daojieba station had increased significantly, and the increasing rate were 18 and 44 (m/s)/10 a,
respectively. Winter flows in 1990s and 2000s were 7.3% and 10.7% higher than the average value, while the
anomaly of spring flow in 1990s reached 16.8%. On the other hand, whether annual minimum of 1-day, 7-day,
30-day, and 90-day moving average flows, or Q75, Q90, and Q95, the value in 1990s and 2000s were all much
higher than those in other decades, which showed that low flow had increased from 1990s. For instance, be-
tween 1960 and 2009, there were 10 years with minimum daily flow greater than 400 m’/s, which were all in
1990s and 2000s. While 20 years with minimum daily flow less than 350 m’/s, among which only 2 years were
in 1990s and 2000s. In addition, Q75 in Daojiecba station in 1960s, 1970s, and 1980s were 489, 510, and 488 m’/
s respectively. While in 1990s and 2000s, the values were 577 and 563 m’/s, which were 10%-18% higher than
previous 3 decades. The increase of low flow in the middle and upper Nujiang River Basin could be attributed
to the increasing air temperature and precipitation in winter and spring. At first, increasing precipitation would
generate more flow. Secondly, rising air temperature may accelerate melting processes of snow and ice. In addi-
tion, frozen soil degradation caused by climate warming could also affect hydrological processes.

Key words: climate change; low flow; hydrological extremes; flow duration curve; Nujiang River Basin



