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The Tempo —spatial Patterns of Active Accumulated and Consecutive Extreme Low Temperature and Their

Impacts on Grain Crop Yield in Northeast China
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Abstract: Chilling damage is the main meteorological disaster affecting the grain crop yield in Northeast China. In recent years, grain crop
production reduced severely, which mainly was due to planting late maturity crop blindly. So it is important to understand the tempo—spatial
patterns of chilling damage and their impacts on grain crop yield for disaster prevention and reduction, and proper variety arrangement. In
this paper, the routine meteorological data(73 stations, 45 years) in Northeast China were used to analyze the tempo—spatial characteris—
tics of active accumulated temperature (AAT) and consecutive cold day index(CCDI ), by means of geographical information system tech—
nique( ArcGIS9.2, ESRI Co., Ltd) and harmonics analysis method. The results showed that the AAT decreased from southwest to northeast,
but the CCDI had the inversed patterns, the AAT showed 2.5~4 a oscillations clearly, and the CCDI’s were 2.5~5 a and 10 a oscillation peri—
ods in recent 45 a. Correlation analysis showed that the grain crop yield varied with AAT and CCDI, the grain crop yield depended on AAT
closely at higher altitude region, but the relationships between yield and CCDI were closer at lower altitude region. The AAT was the main
factor affecting the grain crop rice yields, but the impacts of CCDI could not be neglected. The rice yield would decreased by 6.2%, 5.8% and
1.2% in Liaoning, Jilin and Heilongjiang by one day increase of CCDI, respectively.
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Figure 1 AAT(a) and CCDI(b) distributions in Northeast China
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Figure 3 Comparison between CCDI and its simulated value from May to September
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201 2.0
15l B SfEr=R 15
5 | -Oo-RAEFREAEIE ’ s
E 3 110 <=
B 105 @
i .
ime 0.0 g?é
i
Py -0.5
: -
-1.0&
v v
1-1.5
-2.0 1978 1981 1984 1987 1990 1993 1996 1999 2002 -2.0
Sy
B 5 EHRERIIENSETERESEMERNTLE
Figure 5 Comparison between climatic grain crop yield and its simulated value in Jilin Province
0.8 1028
06 W SR 06
. O o/ R AERIE 177«
s 04p 04 E
@ 02 102 @
m%d 0.0 00 &
i -02 ~0.2 I
L £
r 04 —0.4%
-06 [978 1981 1984 1987 1990 1993 1996 1999 2002 -06
—0.8L Sy -0.8

B 6 BEIIARRIENSE”BEESELMENRT L

Figure 6 Comparison between climatic grain crop yield and its simulated value in Heilongjiang Province



N A 1747

530555 9 i3

7 -
@ ¥=0.996 5x
EO  "R=0903
2
g 4+
& o
il

(a)
2 1 1 1 1
2 3 4 5 6 7
BA /- hm?

8 -
« 7F ¥=0.994 8x
£ R=09122
< 6k o
o
s
=
g
4 4r
&
Bl

(b)
2 1 1 1 1 1
2 3 4 5 6 7 8
AT’/ hm™

4 -
o ¥=0.998 1x
5 R=09176
= 3
o
a
®
i
2o
€S

(e)

—

._.
N
w k
N

AT B/t hm™
()3T ; (b)FEMK; (o) B IEIL
(a)Liaoning; (b)]Jilin; (c)Heilongjiang
B 7 FitRRE~BRESELER
Figure 7 Comparisons between grain crop yield and its simulated

value in Northeast China

8RBV ARA IS A IR I
23 EHREMFEREBEHENFILMRRRTE
IR

HEREY B RN RELZNRZ — T2
BRAARARR , I8 B THR , AR bt X i sh AR IR L 2 B
BT A B, DRI AR SR AL M RO B 7= R T+
AR R B VA2 TR B AT . IEREET I, 7T
e SRR SRR BB SC R, HB0A KR
“EHERRIES MR B TR A - B A
JRABEER b, X A — R BB 8l , AR ST R R ™
B PR FZ RS T BRE SRS M H At

® 1 BEHRENFHERBEHNERAETHELRY
Table 1 Correlations of AAT and CCDI with grain crop yield

EE TTF FHH BT
TESHRUE 0.322 3% 0.453 8** 0.457 4%
FREERIRTEEL -0.447 3% —0.473 2% -0.193 7

e 5RF] 0.02 BIEEEAKE, * 23 0.10 BIEEEKF .
Note: **Reliability of 0.02, * Reliability of 0.10.

ZMERIBRTEL, RIEER 1 RS R B S AT
BRXFRA, L E R RRERE R SRR &
FIRFR . 22 | ATEN BRI GRTS S S R =
MIAR R B, T AR Y, AR X 5= 576 3 Y
EHARRAIEAK KR, = R R E TR A3 3
I, SHREEIRIE BN 2 AMHERER

R ET R S MERIR X R RA HERR
MK BRI . KRR T EA T AEY , KRR
Z/DNF KRB R R AT L) Z W, B B T AR R A2 A
BEZEMNEM, 1995—2004 4F 7 LM X T T F135 Ak
HI7K B2 3= e E B B A0 3 IR B, I
1995 4F2] 1999 4F =g 2 FAEE, ZE-R’ TR,
2004 4F 7= 5 XA [EIT, R IE T 1995 42 $]2004
RN RIS K (E 8),

A RKREEENZEEERS 1995—2004 4=
BHTEN IR M AR, FRP 1995—2004
AR XK FE Y = B AR R 3 2 & sh BUR B |
i o MIKAEF B P BRI, FRE s = &, I
SRS T  EH AR IR MR SRR A
KRB H-0.467 5.-0.548 8.-0.470 9 (P<0.20),
R IR e B NI r] 51 = KR =& TR, Fesk
B BN 1 d, /5T T MR RI TK A

BT 0.45.0.41 t-hm2 1 0.13 t-hm2, 21 5 24
K FE T BT 6.2%.5.8%F 2.1%, BT L, &
SRER BRI A 1 R AR BT, (B AR S R SR
R 0 R B R

3 #ig

ASCHRYE R AL HLIX. 73 36 1960—2004 4= JE 1
1978—2004 4E43- BB BEWE, S HTITME IR
T RS ARIR 5 FR Y B 25 AR AR AR S LR B 7=
FIZM, F5H LT JLs 458 .

(1) ESHBIR R I H TG ] 7R L DA 1) Jb i 2 1Y
1 XA TE ShFE B B /N T R 4 R ) R
X o FFEREIE SRR AT T AR IR,
WARYE L7 EMRPETR SRR AR IR



1748 FHaARAE IR X S BRI AR St SRR O B 2 0 A R S AR ™ e

201149 A

(®]
(@]

O)

r y=0.03x’-162.35%>+324 738.89x—216 517 368.52
- R=0.83

i (a)
995 1997 1999 2001 2003 2005

KFEF= R/t - hm™
e T - T R

£
i S
€ 3| 1=005:-305.89x°+611 650.01x-407 677 629.54
5 | R=087
1 (b)
O 1 1 1 1 1
1995 1997 1999 2001 2003 2005
FEAy
9 -
8 |
7L o
@ o
£05 2 ©
<51
|
L4l
€3
ko3 y=0.120 62-235.03
2 R*=0.6139
1F (¢)
0 1 1 1 1 1
1995 1997 1999 2001 2003 2005

Ehy
(a)iZF; (b)FAK; (c) BIRIT
(a)Liaoning; (b)Jilin; (c)Heilongjiang

8 FiLHX 1995—2004 FRFE=BTHEH
Figure 8 Trends of rice yield in Northeast China from 1995 to 2004

T HL X B/ o

(2)3F 45 a, R b X 75 Sh AR IR 2 3k e (P<
0.01), G FFHE , IR G| L, T35 10 a 35
44.3~65.3 °C, MBS EUEMA 2/ HaH(P<
0.01), G MR , W/ B E®BIAE , P35 10 a @
0.52~0.75 d ZRAbHL X A5 ShBIRAF AL P B 1Y) 2.5~
4 a B JEHAPRY; (P<0.10),5—9 A RREiR 8 EUa ik
EPL5~6a 110 a Z2 45 1Y R BB LAY, 9] fR R
28.92%~45.37% M FF SRR B AR 1L

QAR R BAA7EE U B K E S

BRI, R EHX L 3~4 a (EHN F, S5
WXL 27 a #1110 a ZEABIARI R F . KEEM
FARAYR W] AR R AR AL AR B 7= B 90.3% LA _E Y
Ak,

(AR TRA , R X G s BE S RE
BEIFMHXXR, MSRSNRIEREAMHEIER,
KRB B FEZ IS BUNER A , A a5
SRR AR G S EEA—B B H S - & A R
ISR IRAE B 1E B.(P<0.20 ), Sk IR H5 S dg 43
B 1d, vl 4y RIS T E AR B TIKRE ' T R
6.2%.5.8%#1 2.1%.

S E 30k :

[1) 54555, 3k EH, R85, . LT XK RRL FRRENMIE
BRI YeFHA K244, 1998, 29(1):16-20.

JI Shu—qin, ZHANG Yu -shu, GUAN De —xin, et al. Remote sensing
monitoring on crop chilling damage and meteorological prediction [J].
Journal of Shenyang A gricultural University, 1998, 29(1):16-20.

RIEHZ, B Tt ARIHKERA FRIRECY/EE T, HEF.
RAEYRIRYS T L5 G BIBEORBIS. U0 AR A, 1999:9-15.
WANG Chun-yi, MAO Fei. Study on distribution features of chilling
damage in northeast China[C]//Wang C Y, Guo J P. Study on comprehen—
sive defendingtechnique to chilling damage for grain crop. Beijing: Met—e—
orology Press, 1999.9-15.

Bl EEZ, BEF. RAEYRIR EL G I HEARDITEM]. JL5t. 4
L, 1999.

WANG Chun-yi, GUO Jina-ping. Study on comprehensive defending
technique to chilling damage for grain crop[M]. Beijing : Meteorology
Press, 1999.

[4] B35 . AL AT STUER I EEIM]. LAt EUE AT, 2004
Huang Jia—you. Statistical analysis and forecast methods on meteorology
[M]. Beijing: Meteorology press, 2004.

512 3,2 8 EkE REAIESFBFEREUIER 5K
SRR S SRR BIBTSET]. R SFREAER, 2010, 26(3): 19-26.
LI Fei, LI Ji, GUAN Zhao —yong. Inter —decadal variations of summer
temperature in Northeast China and relationships with Pacific SSTA[J].
Journal of Meteorology and Environment, 2010, 26(3):19-26.

[6] MEZ, TR Z. WM XARER F BT LT RR, 2002(3):17-
18.

BU Xian—yun, XU Jun. Analysis of chilling damage in Shenyang region[J].
Meteorology in Liaoning, 2002(3):17-18.

(71 T, E2E. FIUEFURER XIBERRHSKIF RN
TR RYSS R HIERYHRSAHR, 2006, 49(3):662-671.

SUN Jian—qi, WANG Hui—jun. Regional difference of summer air tem—
perature anomalies in Northeast China and its relationship to atmosphe—
ric general circulation and sea surface temperature[J]. Chinese J Geophys,

2006, 49(3):662-671.



