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Impact of climate warming on temperature and heat resource in arid
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Abstract Climate change has changed agro-climatic resources, especially the degree of heat and the spatio-temporal distributions
of resources. Against global warming, temperature has increased in arid Northwest China. Also arid Northwest China has been most
influenced by climate change. Using daily meteorological data from 67 stations in arid Northwest China, this paper analyzed change
patterns and trends of temperature, accumulated temperature, frost over the period for 1961—2011. The results showed that in the
arid northwest region, temperature increased at 0.33 °‘C-10a, higher than the national average. The warming trend in Northern
Xinjiang was larger than in other areas and winter season having the highest yearly variation in temperature. Accumulated
temperature higher than 0 °C and 10 °C increased by 67.8 ‘C-10a™ and 68.8 ‘C-10a™. Accumulated temperature duration also
increased over the 1961—2011 period. The increased days with =0 ‘C and =10 ‘C accumulated temperature were mainly caused by
the delayed ending dates and the earlier initial dates, respectively. In the study area, there was delayed first frost, earlier last frost and
lengthened frost free period. The rates of change in the first and last frost were 2 d-10a* and —1.4 d-10a ™2, respectively. In the region,
the longer frost-free period was mainly driven by delayed first frost. Inter-annual fluctuation in the first frost was less than that in the
last frost in the arid Northwest China. The last frost date was more or less 10 days later than it used to be; even though climate
warming caused no change in frost condition. Mostly, the last date of =10 ‘C accumulated temperature occurred earlier than the first
frost date.
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Fig. 1 Geographical position and distributions of meteorological sites in the study region
I: Northern Xinjiang (NX); 1I: Tarim River Basin (TRB); III: : Qilian-Hexi Region (QH); IV:
Central Barren Region (CB).
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Fig. 3 Changing trends of average temperature in different seasons from 1961 to 2011 in the arid region of Northwest China
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Tablel =0°C and =10 ‘C accumulated temperature (AT) changes from 1961 to 2011 in the arid region of Northwestern China °C-10a*

Index Region Annua average 1961—1970 1971—1980 1981—1990 1991—2000 2001—2011
=0T Northern Xinjiang 3489 3395 3410 3434 3523 3665
=0CAT Tarim River Basin 4221 4135 4186 4139 4203 4424
Qilian-Hexi Region 3607 3525 3476 3536 3652 3826
Average of the regions 3766 3679 3688 3698 3785 3962
=10C Northern Xinjiang 3153 3048 3082 3092 3189 3336
=10 CAT Tarim River Basin 3855 3781 3822 3783 3819 4052
Qilian-Hexi Region 3233 3137 3104 3161 3286 3453
Average of theregions 3409 3318 3335 3342 3425 3606
68.8 ‘C-10a*, 21 =0°C =10TC 60 45.1% 21 36.6%
3962°C 3606°C, 20 60 ,
283°C 288°C( 1) , , 4 000~
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Fig. 4 Spatial distribution patterns of accumulated temperature (AT) in 1960s and 2000s in the arid region of Northwestern China
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Fig. 5 Inter-annual variations of the initial and terminal dates of accumulated temperatures (AT) in the arid region of
Northwestern China
NX: Northern Xinjiang; TRB: Tarim River Basin; QH: Qilian-Hexi Region. The same below.

, =10 C =10 C ;



21

232 2013
, 2.4d-10at 10d-10at
2.3 1.3d-10at 1.4d-10a? 1.5d-10a?,
33% ,
(7 , -1.4 d-10a*, 2 d-10a?,
[18]
, 51 (7
1 50 )
10 10 4 19 173 ,
d 3 : 6 :
, 196 d, 10 , , 15 d
18 4 5 161 ,
d 165d 1 78d 1024,
5d , , 4 , 15d
26 : >10C
1 b 1 8 [19]1
7 , 30d >10C
, 3 15 11 >10C
5 236 d,
50 =10 C
( 6),21 ( 8 , =10
20 60 15d 13d 14d C , ,
( 7, , 10 d ,
a=0.05 39d >10C
, 2.4d-10a?, , ,
=>10C
, 1.3d-10a™, ( 8 ), , =10
1 t OC b
350 Nx | TRB | QH
o 300F R I e sofd ose. SOSMRR V)7 - alha vy ves
80l TN R OOV PN Ficst frost - First frost L A e o saad Ef:i frost
i
S 200t N e 7 7 A E
§ 150 | "/\ﬂ'\/—'“"wh\'v/_/\'d,\ﬂ'fh'/w é‘lﬂfﬁ;fsl period 1 Nonfrost period | v”’\_\/“\/"""\-""’f‘w W J\, #uiiéfsl period
@ jgo} LT T e aE (SR VNSV SN AAANTA B
K 50 Latest frost T Y Latest frost Latest frost
0 1960 19I';'0 19I80 19I90 2600 2(};10 1960 19I70 1980 1990 2600 2610 1960 1970 1980 l9l90 2600 2610

A Year

6 ALFREXL. VERMERHMNIETARERTARSRERHELEE, EhrielERTSuin Ty
B BEMELARTEREHAN. )

Fig. 6

Inter-annual variations of the first and last dates of frost emergency in the arid region of Northwestern China (shaded gray areas
indicate the ranges of different stations, light colour lines show averages of al sites; black lines show lengths of non-frost period)



2 : 233

bR

Standard deviation of first frost (d)

IR :
Rate of first frost (d-10a™")

* <() « <B
s ()2 * 8~10
424 O Wik 35 ® 10-12
A >4 Significant change ® =12

LS R E
Rate of latest frost (d-10a™")

YRt 2E
Standard deviation of latest frost (d)

o <4 <10
o 4.2 ® 10-12
© -2-0 O AL ¥ o 12-14
4 =0 Significant change ® >4

7 19612011 EERILFEXMEBHTURERTEENF
Fig. 7 Spatia distribution of the trends of first and last frost emergency dates and the standard deviations from 1961 to 2011 in the
arid region of Northwestern China (sites boxed indicate significant at level of P < 0.05)
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Faculty positions: Center for Agricultural Resource Research,
Chinese Academy of Sciences

The Center for Agricultural Resource Research (CARR), the Institute of Genetics and Developmental Biology (IGDB), Chi-
nese Academy of Sciences, invites applicants for several research group leader positions.

CARR is one of the research organizations in Chinese Academy of Sciences (CAS). We seek nominations and applications
from individuals who have expertise and a record of accomplishment in research areas related to ecology, agro-hydrology,
agro-biology, crop genetics and breeding, and agro-informatics. The successful candidates for the research group leader posi-
tions will be expected particularly to farmland water transfer and development of water saving technologies, farmland related
groundwater management and hydrochemistry, hydrology, agricultural water resource management, remote sensing application
in agriculture, soil microbiology, agro-ecosystems, plant physiology of drought tolerance, and molecular genetics and breeding
to address fundamental and application agricultural questions.

The appointment of all positions will be at Principal Investigator (full professor) level. Candidates are expected to hold a Ph.D.
degree and postdoctoral experience. Start-up package will be accompanied by either the “One-Hundred Talents Program of
CAS’ (minimal four-year postdoctoral required.) or the “One-Thousand Youth Talents Program of China’ (three-year post-
doctoral required.). Very compatible Salary, benefits, and research funding will be provided based on the qualifications of
selected candidates. More information about CARR can be found at http://www.sjziam.cas.cn.

Interested candidates should submit a cover letter, curriculum vitae, representative publications, a statement of research ex-
periences and interests as well as the names and contact information of two referees to:

Dr. Yibo Han, or Chunsheng Hu, Co-Chair of the Research Committee
Center for Agricultural Resource Research

Institute of Genetics and Developmental Biology
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Shijiazhuang, Hebei 050022, China
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