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Evaluating water use efficiency patterns of Qinling Mountains under climate

change

LI Mingxu, YANG Yanzheng, ZHU Qiuan” , CHEN Huai, PENG Changhui
Laboratory for Ecological Forecasting and Global Change, Northwest A&F University , Yangling 712100, China

Abstract: As a key metric for measuring the dry matter yield gained per unit water used by plants, water use efficiency
(WUE) has already become a hot topic for agro-forestry production and ecological research in arid and semi-arid areas. The
WUE at the ecosystem level is usually defined as the ratio of the gross primary productivity ( GPP) to the total
evapotranspiration ( ET). The ecology of the Qinling Mountains responds quite sensitively to climate change as a typical
geographical transition zone and fragile ecological area. It has gradually become an important region in research on global
change. To explore the variation in ecosystem water use efficiency in the Qinling Mountains and the responses of its ecology
to current and projected climate change, we used five models ( CCSM4, GISS-E2-R, GISS-E2-H, IPSL-CM5R-LR and
NorESM1-ME) from the PCMDI database to forecast the trend of dynamic change in mean annual precipitation, mean
annual air temperature, and ecosystem water use efficiency in the Qinling Mountains. During the period 2006—2100, four

typical scenarios were studied (RCP2.6, RCP4.5, RCP6.0, and RCP8.5). The correlation between WUE and the key
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factors of climate change, including mean annual precipitation, mean annual air temperature, and CO, concentration, were
analyzed. The results indicated the following: 1) The ecosystem-level WUE in the Qinling Mountains during 2006—2100
showed an obvious increasing trend in all scenarios, and the average tendency rate ranged from 0.0136 to 0.13 g C/kg H,0O
every 10 years. With the growth in radiative forcing, the tendency rate and increasing range of WUE also increased. 2) The
ecosystem-level GPP in the Qinling Mountains during 2006—2100 showed an obvious increasing trend in all scenarios; the
average tendency rate ranged from 1.970 to 10.434 g C - m™” every year, but the average tendency rate of the ecosystem—
level GPP ranged from 0.338 to 0.738 kg H,0 - mduring 2006—2100 in these scenarios. Compared to ET, ecosystem—
level GPP in the Qinling Mountains had a higher tendency rate, in these scenarios. 3) The tendency rate of mean annual air
temperature ranged from 0.21 to 0.498 °C every 10 years at a highly significant level. The tendency rate of mean annual
precipitation was about 7.78—17.66 mm every 10 years, but most results from the models showed insignificant upward
trends. 4) Driven by these meteorological factors (e.g., air temperature, precipitation, and CO, concentration) , both GPP
and ET showed a rising trend ; nevertheless, the increasing rate of GPP was more significant in comparison. Meanwhile, the
subtropical evergreen broad-leaved forest on the south slopes of the Qinling Mountains has the tendency to move northwards,
and may replace the warm-temperate deciduous broad-leaved forest now on the north slopes of Qinling Mountains, in
response to climate change. Because of the increase in air temperate, precipitation, and CO,concentration, in addition to
the increased leaf area index (LAI) of the ecosystem and the underlying succession of vegetation from 2006 to 2100, the
ecosystem-level WUE in the Qinling Mountains showed an apparent trend of increase. The remarkable increases in air
temperature and CO, concentration were the main driving factors for enhancing the WUE of the ecosystem in the Qinling

Mountains, while precipitation was relatively insignificant.

Key Words: water use efficiency; climate change; Qinling Mountains

B 5 7K G R I = R R an el A A BR /K SRR S R A A 7 0, S AT 2 T R X R
ARAE P A SRR AT A RS TR ) N 20 BRI FF IR VE A e n R T 2R A T R R S AR K
AR BT bR, W28 H (Widtsoe, 1911) |75 7K # ( Bringgs and Shantz, 1913) | 2% i %% % ( Tranquillini,
1969) 25 fH 1R IX B 5E SUERAEAE—E R BRPE . 1976 4F Begg F Turner ¥4 4 725 B T- W) i 1 S5 4B /K =
B FLAE E XK 43 R 2R ( Water Use Efficiency, WUE, g CO,/kg H,0) "' BEE FFH & BRI N E B9 Hh
J& X — 2 LB F R I ST I RN ) FE A AR AR A R GRS R T a2 SN X
BB RGE SR T=TI(GPP,g Cm™ a™') 5 RZEHE (ET, kg H,O m™ a™ ) MHAAE'™Y |, Hoh ET g7
(' Transpiration ) %2 13828 % ( Soil Evaporation ) FIFE # 3 1] 28 & ( Vegetation Evaporation) = #4320 i, K45
FI AT LR A 25 B e AE 7= 1 FK PRE B S AR 0 ) tho vl oK HLA b A= S R 4k L O, 38
SRR AT AR KRR G AR SR A 2

FELL CO, BT iy RARABWE Ry FBAFAE A 2 BRAMRAE T = T A B RS WUE (A 28 A8 1k K Hoxt
AR A B ATF 5 2852 B [ N AN 2258 )12 GTE, A0 Li A John 45 A 7E 32 B U T J2 50 75 ( Chesapeake
Bay) 5t CO, W& FE R I AE S R 58 WUE Ms2ma A7 1746 12 4RI, 25 SRR 223 50 CO, MR IE Tt
% 765umol/mol I}, £ 25 RS WUE KA K T 839%™, T Ht 564 1% JH ChinaFLUX 38 2 W8I0 5 8 31 45 1y
2003—2005 A L TREIHN SR L AE = A E AR SR M AE B RS WUE 2928 6.90—9.43 mg C /g H,0,Jf
SR T KGRI X WUE 2 & i BB SN G C-FIX SRR ST A5 1 v [0 P A 4 B T
FLEAFEY) WUE 2924 0.32 ¢ C/mm H,0, H WUE B2 0 A48 R B 38 A S R Foh S AR
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ABHFFE R B Y08 F 38 S =C2 W fnxt e i30 25 2 25 (Program for Climate Model Diagnosis and
Intercomparison , PCMDI) £(45 /2 ( http . //pemdi9.1Inl.gov) , PCMDI %R IPCC RS 104 &, TEXT T A
RO B S AR S R TG MO B2 5, Sy R, JF R it e 2 k=220 F O 1k, PCMDI 84 22 4t
5 729 27 A EPRA AR O SR 60 MRS HARBEAR HE, X ERIRIR T TR R SRS
B R TR B AR g sh A Al Sk D5 RCP ARAF 2N 57, H IWFE T8 AT A <
A S AL RN AR SR AL o i T AN [RIASE B S50 Jy [ AR H 2 55 [m] i PCMIDI 8 PEATIFEAS Wi e 3 v
LG WESE H R A SRR DG GE T (0 e S8 B 1, I8N 2 P BB T CCSM4 | GISS-E-R | GISS-E-H ( IPSL-
CM5R-LR-CM NorESM1-1-ME 4§ F M7 BT 3 RCP2.6 .RCP4.5 [RCP6.0 Fl RCP8.5 U B S Sfe 1 5t
(F 1), VLR AR 5T B 7 B2 00 45 T 5 4, B 45 2006—2100 4% 1Y 6 9] 9 A 7= 1 (GPP) | 4 #% 78 ¥ 1=
(Transpiration ) | 1175 & 1t ( Soil Evaporation) AE#{ K H 75 & &t ( Vegetation Evaporation ) 4¢3 4F i U E L M AH
I B AE R TR & ( Mean Annual Precipitation, MAP) 445 4 ( Mean Annual Temperate, MAT) F1 KA H CO, ¥
A,

®1 HEEAH 2

Table 1 Introduction of models'??!

R 23 ] 43 H 2 WAL

Models Spatial resolution/ ( J&,lat x lon) Research institutes

CCSM4 0.9375x1.25 National Center for Atmospheric Research( USA)
GISS-E-R 2x2.5 NASA Goddard Institute for Space Studies( USA)
GISS-E-H 2x2.5 NASA Goddard Institute for Space Studies( USA)
IPSL-CM5R-LR-CM 2x2.5 Institut Pierre-Simon Laplace ( France )
NorESM1-1-ME 1.875x2.5 Norwegian Climate Centre( Norway )

122 EEFEN
IPCC 2B VIR A I B I , A2 BU TG — AR A 5ozl B i B A BE X A8 bn 0k A7
RT3 0] LURE R 2 % G e i R] 50 i BAR AR fbad B, 2007 4F 9 H 3EAT Y TPCC & R U AR IE
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IPCC 45 = T AR 32 Rl e fl Sth 1 i1y RCP2.6 . RCP4.5 \RCP6.0 il RCP8.5 PUFp % 5%, /it R &
2100 4EFI) 35 Mo BR 2 180 B 58 B3R 200 2.6.4.5.6.0,8.5W/m™ %5 DY Fh o Sk #iL B 3k B H AR ( Representative
Concentration Pathways, RCPs) , 1 & %5 & 80 g 7+ 1 55 1 B Bt ( Coupled Model Intercomparison Project,
CMIPS) H iR — AR B o 38 2 F 1 UM ALK E 50T 2100 47 i 31 3k Hb ek 2 18 4 5 5830 55 4 17
1) CO, MR EE K-

®2 TRBET 2100 FEAMKREHIESRIBS XS CO,RELR

Table 2 Radiation forcing reaching the earth’s surface and concentration of CO, equivalently under the four scenarios by 2100

HReAl 5 SRYTIRI CO W EE

Future scenarios Radiative forcing/ ( W/m?) CO, concentration/ ( ppm)
RCP2.6 2100 4ERA AL 3W m 25 FEIKE 2.6 W m™ 2100 4FE A F|I4(E 490ppm J5 FEAIG
RCP4.5 2100 4E3KF) 4.5 W m 25 -t 2100 43k 3] 650ppm J& PRFFER &
RCP6.0 2100 4E3IKF) 6.0 W m 25 55 2100 43k % 850ppm J& PRFFR &
RCPS8.5 % 2100 4EHF 8.5 W m™ 2 2100 4E5 T 1,370ppm

1.3 Wik
1.3.1 fikhH

M\ PCMDI B35 E AR BUR AR BAR S | 1 e B BRI 1 X GPP Al ET 2540 & Hd 3 H AR 78 XM Y4, SRk
J5 3R HY CCSM4  GISS-E-R ,GISS-E-H ,IPSL-CM5R-LR-CM ,NorESM1-1-ME 45 FiAMERURE R ST- MM, i 28
RSB A Z2 05 i [X. 2006—2100 4EZ4F WUE .GPP .ET MAP I MAT 314 ,
1.3.2 i E P H 8T

TE5r AT WUE (GPP \ET \MAT MAP Fl CO, i i 5545 5t (R B[] J5 50 AR AR R A [R] 4% S5 DA S A5E 28 (] 55 41 2%
SR, s BT B AR e, UL WUE 6, 6 2006 -2012 4[] WUE ¥{EE M SLHE(E, F 5
2006—2100 4F4%4F: WUE {85 FEHE(E Y 22 (8 ( BPBESF-18) A4 T s ) 77 810 43 A1 (A9 ) 238 3550 A S 43 B ack
L R .
1.3.3 A fbias ot

A7 AR TR it s ) A 5 ) 2 A A — e A e A ) SR 3R D

Y. =a, +ayt, (1)

Ko YRS | ANIHE] B SR AR IR T o, TR S ag AERIE o, A R Fm AR AL IR T A 4R 78
fhias JOME R E R 0/ a SR 0/ 10a, AIFFEXTZRIEHLIX WUE GPP ET MAP MAT #BiE47 1 A 1]
JEEN AT, I P ) e R R AR N () AR L 3

2 HR55%H

2.1 ZFIAHLIX WUE Y a] sh 25728 1k

RCP2.6 .RCP4.5 RCP6.0 Fll RCP8.5 PUFP A KA 52 N Fll i 25 I8 b X A 38 R 458 WUE JLT-2 8 BT (A
1), BIZEIT 100 4FE N iZ X WUE {EA4H o T2 (4 (2006—2100 4 WUE 25{E ) A Fr a0, 1 BE 75000 48 5 58 0
FIBENN %R Gk 2 RIS, DOFPE 5t R 2504 1 X WUE 81 1) 2243 514 0.0136 ,0.0569 ,0.0788 ,0.13 ¢
C - kg H,0 - (10a) ™", HARKFIN B EKT (£ 3) o ARITERT WUE W1 5265 4 11, FLRE 558 50 54 i i
ANWIAE K, FR A LRI ) 28 04 b X WUE AN {SCZE B[R] 51 AN, i AR B K ot 5 50 9 a5
TEAOCIE R . W a5 AATSESE R 7R 1959-2009 45 [H] Z2 U6 L X WUE ~F- X3 [a] %y 0.122 g C - kg™' H,O0 -
(10a) """ AHFFE 45 55 HARL, A ZR 04 1 X A 25 R S8 WUE HAE AR 100 4F P AT BEARSE (55 X Al
Fa, i Zha S5 ORIF IBIS ALAUEIY 1950—2099 4R7E RS ST E ML X WUE X 4 St S e A8 Ak (4 i 1,
WFFE & BUAE AR FE s IR] BE PN, 2801 5t F 2 E AN X WUE B SRR KOs o s TR IGHIX
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Fig. 1 Comparison of the average of WUE anomaly from different models under four scenarios
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Table 3 Tendency rate of the WUE, GPP, ET, MAT, MAP under four scenarios

KRl WUE/ GPP/ ET/ MAT/ MAP/
Future scenario g C/( kg Hy0 - a) gC/(m?-a) kg H,0 / (m? - a) C/a g H,0/a
RCP2.6 0.00136 ** 1.970** 0.338" 0.0212** 0.778
RCP4.5 0.00569 ** 4.739 %% 0.501** 0.0187** 1.076"
RCP6.0 0.00788 ** 6.003 ** 0.294 " 0.0257** 0.493
RCP85 0.0130** 10.434 " 0.738** 0.0498 ** 1.766 "¢

1E 0.05 K F W EWRK s £ 0.01 K | B EHK

*

WUE, water use efficiency, /K/FIFHZE;  GPP, gross primary productivity, BWIZ%4 =175

ET, evapotranspiration, ZX K HU; MAT, mean annual temperate , SR, MAP, mean annual precipitation , AE AR R
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Fig. 2 Comparison of the average of GPP, ET anomaly from different models under four scenarios

GPP, gross primary productivity, &%/ L 71, ET, evapotranspiration
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Fig. 3 Comparison of the average of CO,concentration, MAT and MAP anomaly from different models under four scenarios

MAT, mean annual temperate, 5E3J R ; MAP, mean annual precipitation, 4FJf& T &
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