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Abstract; During the past few decades, significant climatic and hydrologic changes have occurred across the Qinghai-Tibet
Plateau (QTP) due to global climate change. The characteristics of wetness and dryness can reflect changes in moisture and
climate, and studying these from the perspective of climate change are important for revealing the response of the regional
environment t0 climate’ change and to the problems of ecohydrological evolution. Wetness/dryness variations and
spatiotemporal characteristics of the potential evapotranspiration rate (PER) in the Three-River Headwaters region (TRH)
were analyzed using the Holdridge life zone model based on daily hydrological and meteorological data for the period 1957—
2014. The Pettitt test, accumulated anomaly, and linear trend were used to detect the change point and long-term variation
trend of PER and other factors during the period, respectively. Inverse distance weighting (IDW) was used to analyze the
spatial distribution and change characteristics of PER, and a regression analysis was used to estimate the contribution rates
of the meteorological factors to the change in PER. We then discussed the variations in meteorological elements that

influenced wetness and dryness from the perspective of climate change. The results of these analyses are as follows: (1)
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Temporally, the PER of the TRH region significantly increased (P < 0.05), and the change point was found to occur in
1997 (P < 0.1). The PER exhibited a relatively slow decline during 1957—1997 and then rose in the 1970s—1980s.
Finally, a drying trend intensified after 1998. (2) Spatially, the mean annual PER decreased southeast-to-northwest, and
the annual PER recorded at most stations increased, while the growth rates in the north and southwest were relatively slow.
(3) The PER were correlated positively with precipitation and relative humidity, correlated negatively with air temperature
and sunlight. Among the influences mentioned above, temperature was the main natural factor that influences the wetness/
dryness changes. According to the results of an attribution analysis, PER was primarily influenced by air temperature” and
wind speed, which had contribution rates of 48% and 42%, respectively, but the contribution of wind speed was not
significant. Thus, it was concluded that rising temperature was the main factor related to warming and drying in the. TRH
region during 1957—2014. This study suggests that the Holdridge life zone model can be utilized to. evaluate the
characteristics of wetness and dryness in the TRH region. An analysis of warming and drying impacts on the hydrological and
ecological environment showed that ecological problems caused by drying, such as soil water-thermal characteristics and
hydrologic regime changes, vegetation degradation, wetland shrinkage and loss of biodiversity “amongst others, are
intensified. To slow down the effects of drought, a series of protection measures should be carried out, for instance,
reducing human intervention, increasing pastures, assigning importance to the protectionsof biodiversity, modifying the

weather in suitable areas, and filling reservoirs to protect water sources.

Key Words: Three-River Headwaters; potential evapotranspiration rate ( PER.) ; dryness/wetness variation; Holdridge life

zone model
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Fig.1 Distribution diagram of location and meteorological stations in the TRH
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F1 SIIRERSKUHREGE BRERR
Table 1 Latitude and longitude, altitude in the TRH
GRS PR

B S Tl gEEeN)  sreR) K Aol Mean annual 1T
Station number Station name Latitude Longitude Elevation/ precipitation/ temperatures/ Annual _Suns}lme
(0.1m) - °c duration/h
52856 B MA 36.27 100.62 28350 318.4 4.1 2938
52868 Bt 36.03 101.43 22371 254.8 7.5 2862
52908 {hiE % 35.22 93.08 46122 290.3 -5.2 2783
52943 Mg 35.58 99.98 33232 365.9 1.4 2721
52955 pie] 36.03 101.43 31502 413.4 2.3 2711
52974 [F4~ 35.52 102.02 24914 413.8 5.8 2543
56004 TEIET] 34.22 92.43 45331 291.8 -3.9 2886
56018 Rz 32.90 95.30 40664 532.1 0.7 2431
56021 i3 34.13 95.78 41750 415.3 -2.0 2677
56029 A 33.02 97.02 36812 488.7 3.4 2476
56033 P2 34.92 98.22 42723 322.5 -3.6 2806
56034 I 7K 33.80 97.13 44154 517.9 -4.5 2472
56043 Sk 34.47 100.25 37190 513.8 -0.3 2572
56046 KH 33.75 99.65 39675 552.2 -0.8 2450
56065 ] 34.73 101.60 34141 580.0 0.4 2849
56067 AR 33.43 101.48 36285 744.3 0.7 2312
56125 Pk 32.20 96.48 36437 534.4 4.3 2573
56151 Prxg 32.93 100.75 37500 652.5 2.5 2325

(1) Holdridge 757 LALE MR E (BT)AE TR TE bR . Ah , 0°C R A K A9 2 B ARL I, DA HOofs —4F
WK T 0CBURAY HF-SEAE A AL PREL s BE /N T 0°C # 0°C i, KT 30°C #% 30°C i, ABT fRERAEAEY)
R

(2) BAEZE R (PER ) BRI PE) 5IRE I PREL, Holdridge il i S 25 R4 6wl LA b A
AP TCTEZ R (PEY SV (BT) KRG, A FHAAE L BICR | RIS TEZE R (PER ) SR IR 78
HL(PE) SAFRFKE(P) M IR

ARSCR SR EAE BRI

PER = PE/P (1)
A, PE e 250, P oAERE K & PE aX(2) 1158
PE = 58.93 x ABT (2)
A ABT MR, X (3) B .
ABT = 1/365 x §t ABT = 1/12 x Zt (3)

Arb e M HIBE(0C <1,<30°C,i HH,i=1,2,- 365),t,jgﬂi%n(0°c<t<3o°c,]7bﬂ J=1,2,-.12),
PHELE, H IR 0 5 A IR T 0°CTHE 0°C, & F 30°C HHE 30°C . FHIBEZE IR PER (AR TR
(£2), K8 K WIS R A, FHH BRI AR B2 s H R 05 a5 A R 1 H R4
ORE ASCRATH $935 B

365

PER =58.93 x Y 1,/P (4)
1
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F2 BEFHBE PER KERMTRRAL SR

Table 2 Criteria for the classification dry and wet conditions represented of PER

PER & E34d PER {H 373
PER value Grade PER value Grade
0.125—0.25 AR X 2.00—4.00 FTRX
0.25—0.50 e X 4.00—8.00 TR
0.50—1.00 TR X 8.00—16.00 W HIX
1.00—2.00 IEI X 16.00—32.00 BT RIX

222 RIS
B & — P Eh 2R BT R A e R RS e, e ¢ Y BT RESE RR h G

x, = ;(xi—x) t=1,2,--,n (5)

Horbr) x BIFSFBME K n AEEZI R3PS E 5 BT 2s 1 B &,

2.2.3  Pettitt 7% 5 AL

Pettitt 2878 S AG I J2—FIL TAES BT FI AR, B T 2828 S iR 2 & B 8 K, (1=2,3, - ,n) i

H(6)AH .
K, = 21 legnui —x) =K, + 2sgn<x, =x) (6)
Horp sgn RLFH), 25 | B Z250E R T/ T ET?UQ{E/\@(E@%’;TI“QQ& o, —x;>0 I sen (w, —x; )=1;x; —;
=0, Usgn(xi—xj)—o,xi—xj<0,mu sgn(xi—xj)——l,T E At BRASHY A5 T N/ K, =Max | K, | (1<t<n),H K,
P A OC, RIBT .
P =2exp{'— 6K, */(n’ +n*)] (7)
A, 2 P<0.5, AR T s kil 028 S5 0 gt X E w2
2.2.4 WEEESIMALE (IDW)

R R A A, R 2SR IS A AR 2 R ik R IR (IDW) A s L4, A
M5, IDW 77k W2 ZR I (B MRS BRI b = 5 BB 1R 2 2 B R P A X 42 20 R RS A 1, AR S 4 TDW
E T R s A B 2T A A U

AN |
2
Zﬁ - N (8)
1
i=1 DB
[, N R RR g, Z 2 HAR R i, Z 5250 @ DU, D25 i R B B AR p MBS B 2 DT %L,
234 Z BRI R R FORAE A 2, D, 33 R B B A PR SR i B P vk

3nHEREHS

3.1 IBTEZEHE PER W E 284k 53 By
3.1.1 PER #f7281k

FIHR R ZNILEAT BT X 18 N E W ALE , 715845 20 IR A7 F- Y 7 28808 PER {H, © 2 /2
=YLYRIX 1957—2014 4F PER (IAEPRAEML . MEIFR AT AE H, =TT IX £24F PER {H % ETHEH (K 2) (HIf
NEF, ZAEYWAEZEHER 5.58, HiolP i AR(E M 4.17 (1976 4F) s Fx i {H M 7.56 (2000 4E) , 1957—1998 4F
[a] PER {HTE 4.17—6.54 , B &4 T F 5k 455 1998 4E )5, PER {ET 4.93—7.56, 4 B WA B0, 22 % X d
1998 4R Z J5 T R A 3 4F 5 AR SR o i 45 R B 3 5 AL B k#5181 2) , 1990 4F
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Fig.2 Trend test and Moving average change test of PER from 1957 to 2014
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80 4 AR L B U/ NI 11, 1966 AF R IHHE P S IFAE 1967 4F X Ia]IH 2 1F # 7K 5 1968—1976 ,1976—
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LA T B R B R AR I 2 A2 A HH BN B (R BT ) TR B HAE 1L, Penin AE S5
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%3 PER FIIHBHEXEE
Table 3 Autocorrelation test of PER

Box-Ljung 4t Box-Ljung &i1f
R ppe  PRERER T wEt | mR fgpe  PRIERER T e
Delay  Autocorrelation St:ﬁrd Box-Ljung  Standard Delay  Autocorrelation Stiﬁrd Box-Ljung Standard
statistics value significance statistics value  significance
I -0.024 0.127 0.037 0.848 9 0.041 0.118 5.006 0.834
2 0.071 0.126 0.351 0.839 10 ~0.060 0.117 5.271 0.872
3 0.086 0.125 0.827 0.843 1 -0.023 0.115 5313 0915
4 0.213 0.124 3.807 0.433 12 0.084 0.114 5.850 0.923
5 -0.087 0.122 4316 0.505 13 ~0.117 0.113 6.930 0.906
6 0.075 0.121 4.694 0.584 14 0.096 0.112 7.663 0/906
7 0.048 0.120 4.856 0.677 15 ~0.014 0.111 74680 0.936
8 0.021 0.119 4.886 0.770 16 0.010 0.109 7.689 0.958

Pettitt REAL R I 28 Rt — L3RI (18] 3) ,1957—2014 4RI X PER {HRAS SR A 1997 4F B H AL
B T ) U 1998 AF PR MT S LAY ASSRAEIT . Z5G LA I [E] AR AR E AT, B ] = VR AY = 5ok
BUA 20 22 90 AEAC S HIFF IR IR . A BFFE IR Y VLR X FERBRAR IR 15 5t FAATE SR ZL S5 Y, 20
22 80 AEAUR I BLBE T, Skt i B VLR IX A T 0G0 5 U AL B UIAROC . H B R4t R m] g
P57 TR, —o2 20 122 90 AR R IR JE /R e Vi 2 B AR 574, ST =TT X PER AYRAE; )32
SRR, 20 TH2D 90 ARAUS I BRI &, SEFE AN, XSS R = T
FRALE JEIR R G A B T FEA AR AT, = VLR D BN XU 125 iU R G E 2%, HA S
Z BN KRB, 00 /R S 77 V6 3 (ENSO) LR PY PSR > . — i, Bl AR IR 19 SR
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Fig.3 Trend test and mutation point test of PER from 1957 to 2014
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8406 JAE = 37 &

R K /N Ab T 254—413 mm 2 [6), PER {H48 , SN FI R X /0 50 ik 20.8 #110.7, T 540 &, £ 5
JE R T 2 B s L SRS K i, P80 X0 A0 A R K i/ > 3R 400 mm B 7K 26 15 4 1 AL 5194
B = ILIES L 5k 58 a, YLIEMIRE KL 9.9 mm/10a( P<0.01) B3R I, 2 97 2610 A = IR K
T4 D TRk, FEEHE TR K AR R AR Ak, BRI — e B2 BE L0 PER W/, SRk
SRR K A RAR ML, 2T 48 = VTR X AYAR FK A7 e A a3 AR 1990 4FE 2 )5, = YTIRAR
R 7 0 St B IR 94 ARSI T — X

SRS IE 5 R IR T T2 R EORAUK A T3 R BB, DT 5% e 78 & 35 B AR R B0, st 54
AR TR KR AR A (P S) 2R 1) P 3 D, AP 349 A AR v 4 A AR R B | TR X e v
7.5°C ; TR F MG TE VG IR L X, —-5.2°C , PR PE AL 4R A4 vk 1| B SE R AR TR 78 5
e & BB SRR T HAB X B, = VTR IR EALL 0.29°C /10a( P<0.01) Ay S48 i | AR PER 72 2300 | 42>
A2,

=YL H RIS 5) AR a6 5 PER B2 [ A — 3, =70 Z4EF 4 0 R
2588 h, H:AE MG TeTeiT &l 5 H B8R 5, 43310 2938 h FlT 2885 h, 2 4EH IR R ELFE 240 d /247, F K
X H REAS S . H EEEON PER 5% ) 35 2238 BU7E A2 0 A 4 K v 2 b T A28 IOk, S BOK 080,
TR, H BRI TR S, DR BE AR T 5 R 2 2 U KRR I D I A P
JUEB R X PER #8 pY JE R 2 —%

TR X 2 5 R AR A AT S 3 s T ST IX 19572014 AR PAPRH %o 3 RSP 24 XUk 4 28 Ak ] 5
FE7R . X 2R R 1 PG 1 | P DX A v v il (T Gt AUt e S KA 4.3 m/s, A M IX i L
B T DX RGBS, 72 1—2.3 m/s S0 [l P, 0 15 D J A B 5 Y R T o T 44 5 AR 5 B 8 BT
20 BPEARGETH TSR B PSRRI, 25 (8143 A b SR KRR — 3, A 2R B ) va b3 980, R o /=5 114 7R 1 i X
EIFHXREE IR 66% (A6 HEIS) | PUALERAE R B TR HE 50% A2 . DXl T HA PR -, =7 X ) KU A
AHRHZEELL 0.05 m ™' 10a™' (P<0.01) F1 0.3%/10a( P<0:1) AR/, SEBR b KGN K %, s
ARG, SR = VU8 DI, XGHZR i)y, IR 98055 A B 087y PER, EURH XG0 B A 9 55 20162 25 HH
MIFEH
3.3.2 PER 5RZERMAHINE

PL=YLIR 58 a MIRE/K O HRE S AV B XG5 AN R F o = 7LIR X PER 19 2252 ) [
2, AT Spearman A ICPEA AT, S8 i XU 8 25 PEAS G, 5 0 A0k 4 Fros . b PER AR L H BB B AR
KMEFE 0.01 7K i 2, HHOERECH 0.334 F10.348, B IEA ¢, F BAE AN H B AR 38 i3 PER 38K,
7 R K 2 AR X EEAE 0.01 8 MK -, 55 PER R GUMSC, HA5 KM A SetEd &, h-0.523, &1
B R = VTUR X PER J55 . 450 B/ Xk 5 PER JH¥A g MG, AT RE R i T3 4F = VIR IX K AR 1k 143
53/, % PERGRFE A= 38 K

# 4 PER 5&EFIE# Spearman X537

Table 4 Spearman correlation analysis between climate factors and PER

Spearman #3447 S H A 4% Rk it AHX B A
Spearman correlation analysis Air temperature Sunshine duration Precipitation Relative humidity Wind velocity
PER AR EL 0.334 ** 0.348** -0.523*" -0.321** -0.143

b M OB 56 ) 0.011 0.007 0.0002 0.014 0.285
N 58 58 58 58 58

# AHICHETE 0.05 7K L2 5+ = FHOGHEAE 0.01 /K L R3%

F TR Spearman 22 JCHH A3 HTAG B AN BE BL S ) S AR B8] A AR G M | AR XA T PER 545520 R
AR e a5 R L 5 SURME IR AE i) PER 5F/K & B & A6 (P<0.01) , 5 H BRI 80 5% 2% 1E 41
K (P<0.01) , M5 JRUE R G B A S A 828 DAREKAE M #5812, PER 53R 8.3 IEA 5% (P<0.01) ,
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24 1 HEE 55 VLR AR A R 8407

55 AR B R X 2 e 2 AR DG (P<0.05) M OC RENAE 0.3 22475 H BB EE 4R il A2 it i), PER 500 1o 2%
IEAHE(P<0.01) , 5 R FIAR XN 52 S AH O, S 3 7K 74300 R 0.01 A1 0.05, 5 XU e i & G &, AR
FEEHIR ,PER SR8 S AR M PR R (P<0.01) , 7 0.498, 5 H FEIHEZE 0.05 27K [ 2 EA
K, MR ARG TC I G R . WBURAERT, PER 5N H B IE AR O , 55 R RIAR X BE B AH G,

%®5 PER 5ZEFRIEAXESH

Table 5 Partial correlation analysis between climate factors and PER

Pl A it 4k ok H R4 AR A i
Control variable Results Precipitation Sunshine duration Relative humidity Wind velocity Air temperature
S Air temperature FA A -0.659 ** 0.345** -0.196 -0.089 —
2 0.000 0.008 0.144 0.512 =
%K & Precipitation AR — 0.102 -0.330" -0.305* 0.579
e — 0.451 0.012 0.021 0.000
H H8 %% Sunshine duration AH A -0.411*" — -0.312" -0.223 0.363
B 0.001 — 0.018 0.095 0.005
AN Relative humidity AH A -0.498 ** 0.304 " =0.167 0.217
M 0.000 0.021 0215 0.105
K3 Wind velocity AHSEHE -0.543** 0.347 " ~0.324" — 0.308
M 0.000 0.008 0.014 - 0.020

# AHICMEAE 0.05 K B3 « + AHCHERE 0.01 AKF L B3

R FH A A3 BT Al 3545 P-4 PER B BTHIRR (3K 6) 45 RE W] IR XX PER BSZME K, TR
539K 48% 1 42% AHXGE I BTRkAS .35, D = VLR IX PER #93% K 2 A TR A THE , (H & 4Rk K
AR S —E R ISR T AR, R K I A H R R EOAY TR RN (P<0.01) |, A X B A 5Tk R A
2.3% , HAW PR Z B 5THR 20 5 7% , 0T B NS0 ol S e 8,

*® 6, &ETF3 PER HREKE
Table 6 The contribution of factors acting on the PER

N Al FaARE H R 4 AR JARES Fofly
Factor Air temperature Precipitation Sunshine duration Relative humidity Wind velocity Others
iRk % Contribution rates 48% 0.9% 0.01% 2.3% 42% 6.97%
BEYE Significance 0.004 0.0006 0.0001 0.737 0.487

25 b KR AR R 2 W F R R 2 2, —JLJRIX PER 3 %32 3SR L /K 2 A1 XU AY 52 0
H BRI () R M AR AR R BER 55 . Zhang 458 AR KU 4 4F £ 3 = VIR KIS FE 28 U L, R BRI S
SO AEZE B 0, BT N KGRI RS N A B L RHCTE TR A E o ER %4510 Z W& T KK FIAR X B X
T TEZS BT 52 ) LT AR =TI BRI A B 2, OB R A R EUEA K G B R AR E A, R
TR TF R R 28O | X R A AR X W B 7= A — 2 B sE ), FEAS A = VIR IX H RE 78 B, XU 4 K S5 R
fiE, FECEVTIRIX TR 2S B0 A 22 57 R B TR B 2% . NI, ARSCA Sy =VLIRT B E ) 3 F R E 2SR,
4 it
4.1 Holdridge W4 7EZ5HUE ( PER) 78 = VLR Y38 FH

ASCH Holdridge W 7EZE BURIEAF IR = VLR IX SRR LTS 50 F 0 TR fb, 5 R . =TI X e T
BTk, BRI R, VP8BS AR IPCC AU SRR = VTR R R AR AR Ak, A kU B IR [ K 4
T, AL Z 6 K R 4 U A B T 2 ) = Y M X A T A A B ) 3 45 ] PDST 48 KU =
TLVR T FRRAE DA A BT 5 X 38 78 T (R R A =Y TIRAS T2 ma e K, AR TG IA R =TI b AR e i B ]
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8408 A E = 378

R 10725 5 1 U S5 R A 4R R (LR IR TR T T 9725 S B
R T, 2 RS 1 WHEARHCR S = TLIRISRAK R, H A R R R AE , REA L 1
B AT 09 SR =TT AR RO RR . Holdridge 8E7E 43 1 = VLRI, 75 S R F
G LB IERRAF . FUR TSR 1 VO LT R SR P E RN, F e, s 3¢
IR HEFTECHE 1 M A (BRI T 24T A0
42 AR TR A TS

VLI THIREN 5 TRIT S 2Bk AR M X 0 — A 008 T A SR TR/ 5 SR SR DY 6
225 TR SR P A AR R B A 0 B S . WE T TR FBUK UK R WA 3%
i AR BB K A B e A RS . 2K IR S BT R =R ik IR
ARHCH SR T A TR0 6 K 5377 e B4 B MK A AR et T A o b
TS, A - SR I XESRSR T B 14 B X 2 2 B K S W R . EfR
W XA IR 05 R IR LR P R, I T8, TR L e
T W T DT B 040 6 SRR W, 2 0P st — i . 2% Iy
SN TG RV OSSR . AR B & BT PR T R 5 10% B 1 K
VLRI I PP MR 5 T M R 00 5 DI I 8T8 9 5 MMM S RS W P 32
o AN, SR MR R e N S TR SR B VARG R T B
G 8 P 5 9 R R0 B 05 W IR 25 R PR 25 D SR8 AV 25
43 W T ARG

SR TS A 25 R S A 0B TR 15 OOV DT . XY F 367
TN 75T BFIE (P B TR AR O, 4 5, 26 5 TS IS e n DL - Bt s
REURK I A FRHSHO LIRS ARG VO RO TS S22 (. b 52 M0 DL A TR L
A T SO (R 8 T LR M AT 0 S Mk SR L AT, S T
SR SR W RGO HIIC 38 L ERCHC AU I 2 A TR A 2.

5 #ig

K H Holdridge W7EZZEUCR(PER ) 1R R T, R 58 a BI/KSC RG89 T 3T PER ) =11
DX AR AR AR A A0 R T T AR AT S B TR AR A g R i e o R TAR A E 2R R, 3 an R
e,

(1) BFa]_E, =ITIRIX PER 3T 58 a 2 BUALIRIG N AY#E 3, 1957—1997 4F L BRAS Z2 18 /Y %, 20 tit4d 70
AEAR 80 AEAR I FUAE BT 0 (M1 ), 1997 422 J5 PER {H H B0 2878 1998 4E 22 i 5 w3 EThH#a#,

(2) &3 (8] b, PER {8 A ARJCEB I PH L VU p i, fie T A0 L XA B BB 5 —ai 2 = VLR X
1 RE T AR A S e 119 DX, BT R R 57 225 8] b A aob s, 0 A 38 0 T aod O 30 o T R i VR
AR FAES T W IR, AR A AN 5835 VG b0 B v i s b DX R A/ T SRR BRI AR X 2, Ak
T ARk SR IX R TR R A

(3) /& 5 PER MIAHDCYE, & 8L PER 50 | H R4S I 35 E ARG 5 oK & AR
TG, HAE SN T25 8124k 22 RS2 R, PER 25 [A] 20 A7 R 80 A . i ad VA R0, A <R
T2 =YL IRBE T 2R A

(4) B AL B o] fE St — Rl =T IR X 3K b R wE R AL, M bR 47 , A= 4 22 Re vl B 3R
S, g = VTR X TR A3 IS0 — R AV A SR it , 9820 N2 100, 38 3R MG RR 5| 550 A
W L2 BEPE R, 838 B X 38k AT A R N T KA, KPR
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