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Abstract: Climate change dominated by warming has a significant impact on grain yield. From an examination of grain yield,
climatic yield and climate potential productivity (CPP), this paper systematically analyzed the response of grain yield to climate

change in Guanzhong, Shaanxi, one of China’s main food-producing areas. Datasets were climate variables at 8 meteorological
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stations, grain yield statistics from Guanzhong region during 1983-2016, and the precipitation and temperature simulation results
from 4 global climate models of the Intersectoral Impact Model Intercomparison Project for 2021-2050. Mutation analysis, trend
analysis, and sensitivity analysis were all used in the study. The results showed that the annual average temperature of Guanzhong
region was increasing significantly at the rate of 0.05 -a™', and a significant increase in the maximum temperature was contributing
most to this trend. Meanwhile, annual average precipitation showed a decreasing trend at the rate of —1 mm-a™' but was not
significant. During 1983-2016, the average annual grain yield of Guanzhong region was 3 599 kg-hm™. Although showing

-2 -1
-a

fluctuations, it increased at the rate of 57.17 kg-hm (P <0.001). There was a positive correlation between the climatic yield and

temperature in many parts of Guanzhong. The increase in temperature had promoted an increase in climatic yield in Guanzhong to a
certain extent, but not significantly (the increase was 0.85 kg'hm-a”' and P > 0.05). The CPP of Guanzhong region ranged between
7 000-12 000 kg-hm™ over 34 years. Due to the fluctuations in temperature, the average CPP after 1995 was higher than that before
1995, which meant that the change in CPP after 1995 was the main driving source of the increasing trend of CPP during the whole
study period. During 2021-2050, the average CPP of Guanzhong region under RCP 2.6 scenario will be higher than that of RCP 6.0.
However, the CPP decreases under the RCP 2.6 scenario but increases under the RCP 6.0 scenario. There is a plenty room for
promotion of climate resources used by crops in Guanzhong region, and climate change has had a positive effect on the grain yield in
Guanzhong, but this effect will not persist.

Keywords: Climate change; Grain yield; Climate potential productivity; Global climate model; Guanzhong region
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Table 1

F1 XPHXSRERER

Information of weather stations of Guanzhong region

No Station number Station name Latitude (°N) Longitude (°E) Elevation (m)
S1 53929 Changwu 35.20 107.80 1206.5
S2 53948 Pucheng 34.95 109.58 499.2
S3 57025 Fengxiang 34.52 107.38 781.1
S4 57028 Taibai 34.03 107.32 1543.6
S5 57030 Yongshou 34.70 108.15 994.6
S6 57034 Wugong 34.25 108.22 447.8
S7 57037 Yaoxian 34.93 108.98 710.0
S8 57048 Qindu 34.40 108.72 472.8

R2 AN ERSEEXHEXEERITE

Table 2 Descriptions of the 4 global circulation models used in this study

Model name Institute acronyms

Institute full name

GFDL-ESM2M NOAA GFDL National Oceanic and Atmospheric Administration, U.S. Department of Commerce;
U.S. Geophysical Fluid Dynamics Laboratory
HadGEM2-ES MOHC (additional realiza-
tions by INPE) Met Office Hadley Centre and Instituto Nacional de Pesquisas Espaciais
IPSL-CAMS-LR IPSL . . .
Institute Pierre-Simon Laplace
( )
MIROCS MIROC Japan Agency for Marine-Earth Science and Technology, Atmosphere and Ocean Research Institute
(University of Tokyo), and National Institute for Environmental Studies
Y=Y-Y, (1) H,()  IMF ,
. T2
Y 72 , kg-hm . Y, G (®)
, kg'hm™=; Y, , kg-hm 3) X(0) C,(t)
(cmpirical mode d ’ » R(®):
empirical mode daecomposition,
EMD) P P R() = X ()= (1) (4)
’ R (¢ D-(2),
EMD 1(0) (1)-(2)
o X () X ()
( , Intrinsic .
mode function, IMF) 1 ( ) [13] X ()= iLIMF, +R(1) (%)
; R(z)
1) X(1)
Xmax (t) Xmin (t) s 1.2.2
X () Xoin (0 , Thornthwaite Memorial
x@ U L) o
M) Y.=3 000 {1-exp[-0.000 969 51(V20)]}  (6)
1.05P
Moy~ VO+LO) 2 po——L0F )
b JI+(1.05P/ L)
2) X(@) M(2) H(1): L =300+25¢+0.05¢ (8)
H, ()= X(1)-M (@) 3) 4 (mm), P
Hl (t) (mm)s L (mm)a t
Lo, , ( )Ye (kg-hm™?)
, H(t) 1 IMF; 1.2.3 Mann-Kendall
, H,(t) Mann-Kendall(MK) (23]
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Table 3 Trends and significance of climate variables of Guanzhong region from 1983 to 2016
(=10 )
Mean temperature  Precipitation Maximum temperature Minimum temperature  Sunshine duration Accumulated temperature
(ah (mma) () (_a)) (ha™h) (=10 ) ah)
Trend 0.046" -1.011 0.055" 0.048" 1.14 16.00"
** P<0.01 ** represents significance at P <0.01
B
( 45 , ;
-1
s , 0.07 -a;
; 1995 ,
1983—2016 « ”

T4 19832016 FXRPMXEHRIREEZTIFET

Table 4 Spatial characteristics of climate variables in each city of Guanzhong region from 1983 to 2016

Mean temperature Precipitation Sunshine duration
City
Mean () Trend (_ -a’') Abrupt year Mean (mm) Trend (mm-a”') Abrupt year Mean (h) Trend (h-a™) Abrupt year
Xi’an 13.57 0.03" 1992 589.65 -0.58 2005 1744.94 -1.32 1997
Tongchuan  12.83 0.04" 1993 537.68 -1.11 2006 2203.12 0.68
Baoji 10.47 0.05" 1995 626.61 -0.42 2003 1925.53 1.07 1999
Xianyang 11.94 0.04" 1994 563.57 -0.59 2009 2011.74 4.00 1990
Weinan 14.02 0.07" 1995 511.58 -2.35 2199.82 1.27
** P<0.01 ** represents significance at P < 0.01
2.2 )
3599 kg-hm™?, ( 5) ,
1983—2016 ( 0.01 69.21 kg-hm2-a™'
), 57.17kg:hm™a™'( 3) , ,
5 0.85 kg-hm2-a™',
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Fig. 3 Variation curves of grain yield and climate yield in
Guanzhong region from 1983 to 2016
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Table 5 Trend of grain yield in each city of Guanzhong region
from 1983 to 2016

Grain yield Climate yield

City
Mean Trend Mean Trend
(kghm™®) (kghm*a')  (kghm?) (kghm?*a')
Xi’an 4217 63.15"" 7.32 1.67
Tongchuan 2961 69.21"" 321.97 8.98"
Baoji 3505 65.84""" -13.98 1.60
Xianyang 3 949 65.82""" 428.88 9.51"
Weinan 3372 53.99"" 166.62 5.81
* ek P<0.05  P<0.001 * and

represent significant trends at P < 0.05 and P < 0.001 levels, respec-
tively.

4
4 ,
3
( 0.05
)’ >
—0.48( 0
)
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Table 6 Trend and significance of climate potential productivity in each city of Guanzhong region at different periods from

1983 to 2016

1983—1995 1996—2016 1983—2016
i Mean (kg-hm?)  Trend (kg-hm>a™')  Mean (kg-hm™>)  Trend (kg-hm2a™')  Mean (kghm?)  Trend (kg-hm>a™")
Guanzhong 9 809 -143.38" 10 025 30.42 9942 8.16
Xi’an 10 036 -199.87" 10 231 53.21 10 156 9.55
Tongchuan 9769 ~156.28 9956 8.45 9 884 111
Baoji 9932 -68.68 10 140 30.11 10 060 11.94
Xianyang 9753 -173.33" 10019 39.68 9917 10.78
Weinan 9 830 -160.07 9 887 15.97 9 865 -2.80
* P<0.05 * represents significant trend at P < 0.05 level.
a ( 7a 7o),
(  6a), (0.50) GFDL-ESM2M
(0.28), , 10%, 8 (
5%, 10% 0.5) 3 ,
2.8% , 3
;' RMSE ( 76  7d), 4
,5 0.6~1.5 ,
> s , GFDL-ESM2M
4 RMSE ,
s 160 mm , GFDL-ESM2M
, 3
, 30
, (2021—2050 ) RCP2.6 RCP6.0
( 6b),
( ) , RCP2.6 , 2021—2050
, 11 000 kg-hm™, RCP6.0
(10 780 kg-hm™),
2.4 ( 8 RCP2.6
10 997~11 636 kg-hm™;
) , RCP6.0 ,
1983—2005 10 678~10 993 kg-hm 2,
, 2 ,
2021—2050
R 1 R 5
S1 S6 , ,
, 4 9 ,  2021—2050 ,
, RCP2.6
(Root Mean Squared Error, RMSE) , 8 kg-hm>a™'; 2020s 2030s
4 2040s , 2030s
1983—2005 8 , 146 kg-hm2a™'(P<0.05)
7 RCP6.0

http://www.ecoagri.ac.cn



4 : 475

r 09
b
08 %\
L AN
0.7 —
B 0.6 -
2 L
§ qu o 05 TG4 Xi’an
ﬁ; ; @ O 41| Tongchuan
= % I O 51 Baoji
‘7 0.4 |~ @ @M Xianyang
5 L i we
n {HH Weinan OX %Di%\
03 = — Sp=-1925t:0.96 R*=0.89 (4t Baoji) O \ &
| — — Sp=-1.83St+1.01 R*=0.97 (&IH Xianyang) Ny
Sp=—1.655t+1.00 R’=0.99 (F§4 Xi’an) O\O
02 = _ 2_ S Wt O
Sp=—1.695t+1.02 R*=0.99 (¥4 Weinan)
[ — Sp=—1.74St+1.01 R’=0.99 (41| Tongchuan)
01 1 | 1 I 1 | 1 | 1
[LES I GG JRlBH HFE 0 0.1 0.2 0.3 0.4 0.5
Xi’an Tongchuan Baoji Xianyang ~ Weinan St

Be6 XPHXEMAUREFBNNIURFEROFREREBEEXR
Fig. 6 Sensitivity of climate potential productivity to temperature and precipitation and their correlation in each city of
Guanzhong region
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