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Fig.1 Distribution of meteorological stations in Henan Province
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Table 1 Definitions of temperature indices
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Table 2 Comparison between the linear trends in extreme temperature indices in Henan and other regions
3 i) % T ERTINRE AR ESARTED S o
(/10a) 1960~20144F  1990~2014 4 1958~2013 4 1960~2013 4% 1963~2013 4 1962~2011 4§ 1961~2008 4
TX10p -0.84 -2.11 -0.55 -0.70" -1.06" -0.84 -0.47
TN10p -2.827° -4.77" -4.06" -2.19™ -1.93™ -2.78" -2.06"
TX90p 0.22 2.01 0.07" 1.317 1.56™ 224 0.62
TN90p 3.65™" 7.65" 7.35" 224 2227 2.86™ 1.75"
IDO -0.49 0.37 -0.36" / 247 -0.48" /
FDO -3.93™ -4.94 -3.78" / -3.36" -3.29™ -3.73
SuU25 1.83" 4.28 2.35" 2277 2.66™° 293" 1.18
TR20 236 5.87" 2.81" 3.25™ 1.56° 1.8 /
TXx -0.12 0.69™ -0.13" 0.12° 0.18" 0.16' 0.07
TXn 0.20 0.18 / 0.21" 0.27 0.32" 0.35"
TNx 0.13° 0.42" / 0.20™ 0.25™ 0.197 0.21"
TNn 041" 1.00° 0.62" 0.40™ 0.40° 047" 0.63
WSDI 0.25 0.96 / / 1.48™ 0.83™ /
CSDI -0.24 -0.28 / / -1.12™ -0.67" /
GSL 2.54° 3.64 / / 347 230" 3.04
DTR -0.18™" -0.36" / -0.12"" -0.09" -0.07° -0.18
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TN9Op N 5351 Pk 0.22 d/10a F13.65 d/10a [y # -  FFH1.83 f12.36 do HfHF5E %L TXn , TNx FI TNn 53
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Fig.2 Spatial distribution of change trends in percentile indices of extreme temperature in Henan, 1960-2014
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Fig.3 Spatial distribution of change trends in absolute indices of extreme temperature in Henan Province, 1960-2014
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Fig.4 Distribution of change trends in extremal indices of extreme temperature in Henan Province, 1960-2014

ID0.,SU25 . WSDI) NI 7E 75 P4 111 Ml Fr- B35 DX A5 ki
B, 7R H A XIR AR AR K R A AR
1) 75 B = 5 32 B e A A R UE VT AL g BH A b LA
TR L =K ) LA L e g X 5 v AR i e e <UL
)R 1 T 5 2 A AR TR Ll M e X
2.4 BRSIBIRBOH R SRR KR
SRtk — 20 T AR E A T B 2 XA
TACHIHR R C R DF 0 R o LR A 5 3R
TAET THHOCHESE T30 (36 4) o S5 R BIR , K
I3 IR B S R RAFE A G, BR
TXx DO A, HAx A et 455 724 A AH
KRBBE LT BT BN 99% 1 i 25 MK A
¥, H 2800 5 2 80>0.6, Dd B 10 1 i XA 3 < U
55 XA AR AT 1E KA AR Sk, SR X i
Uiy IR AR AT AR 8 /R S AR AR

3 e

T2 T iR S A IX (%R | T
T DX BT A A TR v ) R i R 1

FIXT HEAE IR o T 50 224k, AT g 44 43 i o TR
T8 E Y A2 Ak 2K T B8 R b IR o R 2 b A
B, A TN10p , TN9Op .SU25 . TR20 , TNn; 7 B ixX 4&
T8 BCTE T4 R 110 728 T M 2 8 Y] i e, DX A ) 2
o ARSCIXIR2E S BRI 5T Hh RIS AR B
vl ) At b DA B 0T AR o S TR R A
TX90p . SU25 , TR20 19 4% 1 33 4 I 21K TV if b
X, TNOOp fi4 7% {1k 1 %R I 2 i 1 v [V T L X
TN10p . TN90p .FDO ., TR20 . DTR 7£ i 145 () 2% fk.
1 T BRI, T A B0 AR b R A IE T
TR i 3 AH 0L 4 B AR Ak o TR RE T RS TX90p .
SU25. WSDI., CSDI 45 £ . 2 Ik T~ VL 8k, i
TN9Op . FDO, TR20, DTR #§ % & & & T K VL
W 5P R R A s RS B L, YT RS TX10p
TN10p . TN9Op .FDO ., SU25 7 - H [ Bl i it < Il
FRBUAE AR 1T TXn  TNx  TNn B T/ [k
Bl AR AR, f R W], 5 A X AR LY, oI R
TN10p. TN9Op . FDO ) 4 {1k 3 5 B & &P, 1
TXx ., TXn, TNx ., TNn [ 745 £k 3 2R HIIL T H At b



84 1o SCHEEE : 1960~2014 A1 10T R A it S S04 o 2 Yk 2 43 H 1265
11°E 112°E 113°E 114°E  115°E  116°E 11°E 112°E 113°E 114°E  115°E  116°E
P
36°N- CSDI 36°N- WSDI b Oy f//://fj
35°N 35N
34°N| 34°NA
33°N 33N
32°N+ 32°N-
0 75 150km S P
Ny
1I°E 112°E 113°E 114°E 1I5°E 116°E 1I°E 112°E 113°E 114°E 1I°E 116°E 254K, e
— (CSDI. WSDI.
36°N{  GSL Y 3Ny  DTR GSL: d/10a)
ol (DTR: ‘C/10a)
O -2~1
35:!N_ 35°N.
O O -1~-0.5
T - O -0.5~0
34°N | 34N & O O 0~0.5
R O 0.5~1
3 1~2
5 © ©
33N 33°N- " O 2-3
32°N- ‘e_O 32°NA g
0 75 150km o, - 0 Qs

&5 1960~2014 [ 5%

Uil E AR R A R B 2= A2 1

Fig.5 Spatial distribution of change trends in other indices of extreme temperature in Henan Province, 1960-2014
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Table 3 The averages (°C or d) and change ranges(°C/10a or d/10a)of temperature extremes in the five sub-regions
in Henan Province, 1960-2014

BRI B b R IX BV B X F AR X ARG L Hb P B X

W EEE . E RIRE WE BIEE W IR M AR
TN10p 19.01 -3.60* 16.19 -0.93* 18.61 -1.87% 18.96 -4.35% 19.31 -2.48*
TN90p 20.87 4.58* 18.36 2.16% 19.04 1.87% 21.27 5.60% 21.54 3.77*
TX10p 20.00 -0.95 16.89 -0.46 19.21 -1.05 20.90 -0.96 20.80 -0.11
TX90p 20.11 -0.42 18.21 1.80% 19.17 1.38% 19.99 -0.77 20.39 0.50
FDO 76.63 -4.74% 79.60 -2.35% 84.29 -2.78% 66.64 -5.70% 51.11 -3.05*
DO 5.20 -0.48 5.37 -0.34 5.70 -0.62 3.11 -0.40% 4.00 -0.21%
Su2s 144 1.61%* 139 0.44 131 2.79% 143 1.85 143 2.28%
TR20 78.05 3.43% 70.65 0.31 52.64 0.77 82.22 3.57 89.95 2.14*
TNn -10.46 0.49* -9.99 0.20 -10.71 0.23 -9.08 0.49% -8.73 0.62*
TNx 27.37 0.20% 27.05 -0.06 25.34 0.01 27.14 0.25% 28.53 0.28*
TXn -2.00 0.18 -2.36 0.10 -2.53 0.25 -1.14 0.27 -1.94 0.20
TXx 38.50 -0.15 39.19 -0.11 37.85 -0.01 37.99 -0.14 37.38 0.01
CSDI 1.66 -0.32 1.59 0.13 1.76 -0.31 1.58 -0.21 2.80 0.10
DTR 10.12 -0.27* 10.15 -0.12% 10.87 0.00% 9.82 -0.32% 8.87 -0.17*
GSL 287 2.78* 285 1.28% 290 2.31% 299 4.44% 312 2.20%
WSDI 2.35 0.02* 3.55 0.80* 3.40 0.87* 3.44 0.11* 2.58 0.03*
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Table 4 Correlation coefficients between annual mean temperature and extreme temperature indices in Henan, 1960-2014
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Table 5 Correlation coefficient between the linear trends in
extreme temperature indices and geographical parameters in Henan
G fE R G RE EKR
TX10p -043 -0.10 -0.11 | TXx -0.11 -0.20 0.51
TX90p -0.11 -0.66" 0.88"| TXn -0.02 -0.14 0.18
TN10p -0.11 -0.51" 0.55" | TNx 0.02 054" -0.43
TN90p 0.10 056" -057" | TNn -0.16 047" -0.60"
SuU25 -045 -0.23 045 | WSDI 044 -0.74" 0.73"

IDO -0.23 -0.09 -0.02 | CSDI 0.12 -0.03 -0.29
TR20 0.09 0.647 -0.63"| DTR -0.15 -0.65" 0.77"
FDO -0.13 -047" 0617 GSL 0.07 0.06 -0.01

T - RN I AR B 99% Y B KA I s R T
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Temporal and Spatial Variation of Extreme Temperature
Events in Henan Province During 1960-2014

Gao Wenhua', Li Kaifeng'?, Cui Yu'

(1. College of Environment and Planning, Henan University, Kaifeng 475004, Henan, China; 2. Key Laboratory of Quaternary
Chronology and Hydro-Environment Evolution, Chinese Academy of Geological Sciences, Shijiazhuang 050061, Hebei, China)

Abstract: Based on the daily temperature (average, maximum and minimum) data of 18 meteorological sta-
tions from 1960 to 2014 in Henan province, the variation trends and spatial differences of 16 extreme tempera-
ture indices are analyzed by using the linear regression and correlation analysis methods. Besides, the influ-
ence factors of the extreme temperature indices and the relationship between extreme temperature indices and
climate change are also discussed. The results are as follows: 1) In the last 55 years, coldest day (TXn), warm-
est night (TNx), coldest night (TNn), warm days (TX90P), warm nights (TN90P), summer days (SU25), tropi-
cal nights (TR20), warm spell duration days (WSDI) and growing season length (GSL) indicate statistically
significant increasing trends. Whereas, warmest day (TXx), cool days (TX10P), cool nights (TN10P), ice days
(IDO0), frost days (FDO), cold spell duration days (CSDI) and diurnal temperature range (DTR) have significant-
ly decreasing trends. 2) In terms of spatial variations, the extreme cold temperature increase in the
Huang-Huai-Hai Plain, Nanyang Basin and the hilly area of Tongbai-Dabie mountainous area. Meanwhile, the
increase of extreme warm temperature has mainly occurred in the western mountainous and hilly region of
Henan Province. 3) Compared to other areas of China, the change rate of extreme temperature in Henan is
slowly, in last 55 a, the cold days have significantly decreased. However, the change rate of extreme tempera-
ture of last 20 a has increased more than two times than last 55 a, this shows that the change rate of extreme
temperature in Henan is accelerating. 4) Based on the correlation results, the variation of extreme temperature
in Henan could indicate the climate change in this area. Besides, the topographic condition is the dominant fac-
tor for the spatial variations of the extreme temperature in Henan.

Key words: climate change; extreme temperature; temporal and spatial variation; Henan Province



