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Abstract: [Objective] The objectives of this study are to explore the impact factors of forest ecosystem
water use efficiency and its response to climate change in the context of global climate change. [Method] We
used the Biome-BGC model optimized by PEST model parameters to explore the water use efficiency and
its influencing factors of the Qianyanzhou forest ecosystem in different climate scenarios, Jiangxi Province
of eastern China. [Result] (1) The annual average temperature and maximum leaf area index of
Qianyanzhou were significantly positively correlated with water use efficiency (P < 0.01). The correlation
between precipitation and water use efficiency was not significant (P > 0.05). (2) The water use efficiency
of different scenarios in Qianyanzhou was in the range of 2.09-3.71 g/kg and the mean was 2.90 g/kg.
(3) Compared with CK (2.18-2.57 g/kg, mean 2.38 g/kg), double the concentration of atmospheric carbon
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dioxide scenario (C scenario, 2.38—3.41 g/kg, mean 2.90 g/kg), annual precipitation increased by 15% and double
the concentration of atmospheric carbon dioxide scenario (PC scenario, 2.38—3.33 g/kg, mean 2.86 g/kg),
temperature increased by 4 “C and double the concentration of atmospheric carbon dioxide scenario (TC
scenario, 2.58—3.71 g/kg, mean 3.15 g/kg), annual precipitation increased by 15% and temperature increased
by 4 ‘C scenario (PT scenario, 2.30—2.84 g/kg, mean 2.57 g/kg) and annual precipitation increased by 15%,
temperature increased by 4 ‘C and double the concentration of atmospheric carbon dioxide scenario (PTC
scenario, 2.70-3.60 g/kg, mean 3.15 g/kg) were significantly different. However, the annual precipitation
increased by 15% scenario (P scenarion, 2.09-2.68 g/kg, mean 2.39 g/kg) and the temperature rised by 4 ‘C
scenario (T scenario, 2.13—2.81 g/kg, mean 2.47 g/kg) had no significant effect on water use efficiency. (4) The
water use efficiency between the PC scenario and the C scenario was not significant, and the TC scenario
was significantly different from the water use efficiency of the C scenario. [Conclusion] (1) The water use
efficiency of Qianyanzhou forest ecosystem was affected by temperature and leaf area index. Scenario
simulations showed that water use efficiency of Qianyanzhou can respond well to climate change. (2) There

existed coupling effects of precipitation, temperature and atmospheric carbon dioxide concentration on water

41 %

use efficiency. (3) The effect of warming on water use efficiency was greater than precipitation.

Key words: Biome-BG C model; PEST model; carbon-water coupling; climate change scenarios
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Tab.1 Biome-BG C model parameter comparison table before and after optimization

£ ¥ S 4 Physiological parameter

¥ i Station

T Qianyanzhou

#4418 Default value At {8 Optimization value

S PN AR B #5 B Annual leaf and fine root turnover fraction
FNIEAFE L Annual live wood turnover fraction

HE MR AR IE TS Annual whole-plant mortality fraction

HEREREY) K K FET- 2 Annual fire mortality fraction

AHFR IR S5 3% 7 FL L New fine root C: new leaf C

55 BR 73 i B New stem C: new leaf C

EACHR 5 SR /3 C H New live wood C: new total wood C

HRRIR S5 221 4 BL L Coarse root C: stem C

27 A4 Ll Current growth proportion

R G C:N of leaves

I BRALL C:N of leaf litter

YR A L C:N of fine roots

THABRELL C:N of live wood

PEARTKELL C:N of dead wood

6 27K 43 B 2% Canopy water interception coefficient

& JZ V4 6 B3 Canopy light extinction coefficient
AL All-sided to projected leaf area ratio

LTI AR Specific leaf area

BIBAH- L TR B Ratio of shaded SLA:sunlit SLA

Rubiscoi #1205 £ 732X Fraction of leaf N in Rubisco

I KA FLFE Maximum stomatal conductance

7k 4% F F R Leaf water potential: start of conductance reduction

7K #4545 3 T PR Leaf water potential: complete conductance reduction

JKVRE 2 BR#I4% 5 TR Vapor pressure deficit: start of conductance reduction
JKVEE Z BR#14% 5 R IR Vapor pressure deficit: complete conductance reduction

0.500 0.546
0.700 0.764
0.005 0.020
0.002 0.018
1.000 0.802
1.000 1.470
0.220 0.208
0.300 0.362
0.500 0.416
42.000 37.632
49.000 54.683
42.000 39.624
50.000 49.872
300.000 299.994
0.041 0.041 3
0.700 0.701
2.000 1.997
12.000 11.871
2.000 2.747
0.060 0.062
0.005 0.005 4
—0.600 —0.582
—3.900 —3.784
1 800.000 1798.576
4100.000 4 097.758
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GPP-BGC A Biome-BGC ##) K HEAT SR AL H GPP, GPP-EC Jyiis BEAR G H AR 52 () H GPP, GPP-YHH Jyi#iid PEST M At 17 %
BARAL S A IS 7 H GPP. GPP-BGC is a daily GPP for the Biome-BGC model without parameter optimization simulation, GPP-EC is a daily
GPP measured by eddy correlation technology, GPP-YHH is a daily GPP that is simulated after parameter optimization through the PEST model.
B2 FHEH 2003—2005 H GPP fH
Fig. 2 Daily GPP of Qianyanzhou from 2003 to 2005
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by eddy correlation technology, ET-YHH is a daily ET that is simulated after parameter optimization through the PEST model.

K3 F4A 2003—2005 H Z&#H
Fig. 3 Daily evapotranspiration (ET) of Qianyanzhou from 2003 to 2005
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Tab. 2 Correlation analysis of annual water use efficiency
and its impact factors

0.81 1 0.82(fLAL | R? {43 5N 0.57 #1 0.56, & T-/#H¥H Qianyanzhou WUE
FE 5y e T 0.24 A1 0.26) . Ui WK A PEST £ 44 Wk o136
. Precipitation (PRCP) ’
X} Biome-BGC BT S RE B E 42 5 Biome- P )
BGC AR AR Average temperature (Tavg) 0.268
gl o L o " . s o R R .
BRI ALAHG 102500 T DS TR st 0.605

Maximum leaf area index (maxLAIT)

W TREP < 0.01, R EFE K. Notes: “"represents P < 0.01,
indicating extremely significant correlation.

KB AN 72 07 1 % RS B8 A RV P (A2 1k
(K 2) o T U 2 H LA Al i 1 R AU DL B

ST FLR B GPP I ET (s LB B, & T 977 2 & 0.044, C 177 2 /2 0.057, PT 77 % &

AT F AT Z BT A ADL 45 2R [ L9 i
AH G S WA R s A K, H b G DL R Z8
FEX R IR B
22 AHFAMREREZMEF

WUE K BUAE 75 2 2.09 ~ 3.71 g/kg. ¥J 1A
2.90 glkg. J7Z5 TR, & B 55~ WUE 1)
BB A K (CK 177 242 0.024, P 1177 2 42 0.036,

0.033, PC [ )5 2 /& 0.057, TC {177 % /& 0.078, PTC
77 252 0.071), (B 515 J LA A 72 2 57 . [
CKCHUH Y8 il 2.18 ~ 2.57 g/kg. ¥J1H 2.38 g/kg) M
bt %%, PTC 1 5t CHUE YE B 2.70 ~ 3.60 g/kg. ¥ 1H
3.15 g/kg) Ml TC 15 5t (2.58 ~ 3.71 g/kg) i1 WUE
=, AR JE A2 PC G S (HIUAE VS 2.38 ~ 3.33 g/kg. ¥
fH 2.86 g/kg) Al C 1 5t CHUA Y [l 2.38 ~ 3.41 g/kg.
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15%, ST = 4 C F KA CO, # B Inf5 1% 5 . CK means control, P means annual precipitation increases by 15% scenario, T means tempe-
rature rises by 4 “C scenario, C means double the concentration of atmospheric carbon dioxide scenario, PT means annual precipitation increases by
15% and temperature increases by 4 ‘C scenario, PC means annual precipitation increases by 15% and double the concentration of atmospheric
carbon dioxide scenario, TC means temperature increases by 4 ‘C and double the concentration of atmospheric carbon dioxide scenario, PTC means
annual precipitation increases by 15%, temperature increases by 4 ‘C and double the concentration of atmospheric carbon dioxide scenario.
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Fig. 4 Trends of annual water use efficiency in different climate scenarios
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Tab. 3 Annual water use efficiency analysis of variance
of various scenarios in Qianyanzhou

CK P T C PT PC TC PTC

CK  1.000
P 0.034 1.000

T 0.144 0.110 1.000

C 0.448* 0.414* 0.304* 1.000

PT  0.185*% 0.150 0.041 0.263* 1.000

PC  0.473* 0.439*% 0.329* 0.025 0.288* 1.000

TC  0.788* 0.753* 0.644* 0.340* 0.603* 0.315* 1.000

PTC 0.801* 0.767* 0.657* 0.353* 0.617* 0.328* 0.014 1.000

T #UEP < 0.05, F/REFE M. Notes: *represents P < 0.05,
indicating significant correlation.
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