
 

 

 

INTRODUCTION 

 

Variation in climate has become an ultimate serious concern 

for agricultural production and forestry in past few decades. 

The yearly mean surface air temperature has increased by 

more than 1.0 °C (Fang et al., 2018; W. Hu et al., 2019) in 

China and Global surface air temperature has increased by 

≈0.25°C/decade in last three decades (Papalexiou and 

Aghakouchak, 2014), resulting the late 20th century warmest 

era in past 1800 years in northern hemisphere and globally as 

well (Jimenez et al., 2018). Surface air temperature has an 

effect on vegetation development (Ali et al., 2018; Feng and 

Zou, 2019), the effect has significantly increased during the 

past century ( Tebaldi et al., 2006; IPCC, 2013; Hameed et 

al., 2019). A widely used and simple procedure to enumerate 

the proportionality among vegetation and temperature is to 

use Growing Degree-Days (GDD) and Length of Growing 

Season (LGS) ( Lobell et al., 2011; Anandhi, 2016; ). 

GDD is an indicator based on weather for assessing crop 

development. It is a procedure of heat accumulation used to 

predict plant and pest development rates (Perry and Hollis, 

2005). On the other hand, Growing Season (GS) is the part of 

the year during which rainfall and temperature permit plants 

to grow theoretically (Linderholm, 2006), the period in which 

Daily mean Temperature (Td) continuously rise above the 

base temperature Tb (Frich et al., 2002; Irannezhad and 

Kløve, 2015). Among species and environments, the base 

temperature varies (Wang et al., 2015), each organism have a 

specific base temperature, of which above or below it cannot 

nourish (Shen et al., 2012). (Yang et al., 2013) selected three 

base temperatures 0, 5 and 10 °C through which he inspected 

growing seasons (GS) and growing degree days (GDD) (Liu 

et al., 2010) on the bases of environmental conditions. 

When the start of growing season (SGS) reaches, the leaf 

nurtures and in the end of growing season (EGS) it falls; in 

this way, expanded GS and increased GDD are probably 

going to reinforce the ecosystem's metabolism. Advancement 

in start of growing season may boost carbon removal 

additionally and affect species interactions, which can modify 

ecosystem’s structure and function. In the mid-northern 

latitudes, increased forest growth and carbon removal may be 

partially due to increase in growing season length (Peñuelas 

and Filella, 2001; Walther et al., 2002).  
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Thermal accumulation and base temperature (Tb) immensely effect phenology and vegetation growth. Therefore, growing 

degree days (GDD) and length of growing season (LGS), calculated based on three base temperatures (Tb) 0, 5 and 10 °C for 

better vegetation growth. The results obtained from 26 meteorological stations showed that SGS has advanced by 6.58 to 8.45 

days and the EGS was delayed by 5.07 to 5.81 days. LGS and GDD showed positive sensitivity to mean annual temperature, 

LGS expansion was recorded 13.96 days and GDD has increased by 255.45 to 380.50 °C days in Heilongjiang province during 

the historical period of 56 years, based on selected Tb. The mean values of GDD and growing season parameters showed 

increase in Tb0 and decrease in Tb10. Trend being significant (Mann-Kendall test, p < .05) in GDD and increased over the 

province nevertheless, far northern part showed non-significance in GDD10, trend was recorded higher in the central part 

comparative to far northern and southern part. The LGS was prolonged in lower Tb (Tb0) and shortened with higher Tb (Tb10), 

lengthening speed was higher in GDD10 (2.5 Days/10 year). Additionally, in all parameters the turning points occurred mostly 

in 1986-1988 and 1993, while, minimum or slow trend was found in the early decade. This concluded that with increasing 

temperature variation in growing season length and accumulative thermal growing degree days have wide-ranging effect on 

agricultural production, environment, carbon cycle, forestry and plant growth in prospect. 

Keywords: Spatiotemporal variation; growing degree days; Thermal growing season; Temperature; Heilongjiang. 
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Length of growing season (LGS) has a greater effect on 

agricultural crop production and ecosystem functions, for 

example; plant photosynthetic activity, planting dates and 

carbon balance of ecosystem (Walther et al., 2002; Churkina 

et al., 2005; Linderholm, 2006). The organic carbon 

accumulation is directly proportional to growing season 

length and growing degree days (Lafleur et al., 2015). 

Increasing length of growing season may be responsible for 

earlier crop planting which guarantees maturation, and the 

prolong growing season may benefit crop production 

remarkably (Assessment, 2004; Linderholm, 2006). (Piao et 

al., 2007), reported that vegetation growth in the Northern 

Hemisphere may enhanced by longer growing season 

eventually. When considering agriculture production, 

prolonged LGS and high GDD meets the need of energy 

required for crop development and to make product ready to 

harvest, forests also need appropriate amount of degrees to 

maintain and grow more (Gunderson et al., 2012). However, 

the insect population farming pressures (Maiorano, 

2012;Chen et al., 2015), from risk of drought and water 

demand would also be levitated (Kocmánková et al., 2010; 

Zinkernagel et al., 2015; Aleem et al., 2018). Therefore, 

observing agriculture is essential to understand the local LGS, 

GDD (Massetti et al., 2016, Buttar et al., 2019) and 

management of forest (Richardson et al., 2006; Gunderson et 

al., 2012). 

Till now insufficient research have revealed the variations in 

growing season in Northeast China. In China over recent 

decades, (Zheng et al., 2002, 2006) examined the spring 

phenophases, and stated that, at the rate of 1.7 days per decade 

the spring phenophases has been advanced in Northeast 

China. However, this finding was based on two phenological 

stations only (Shenyang and Harbin), situated on the 

boundary of Northeast China. Recently (NDVI) satellite-

derived data was used by (Jinting Guo et al., 2017), which 

concluded that rising temperatures in spring can cause 

advancement in start of growing seasons for meadow zones 

and vegetation in forest during 1982 to 2003. As limited 

number of satellite data and phenological stations were used 

in above stated studies which are available only for short 

period, however, variation in growing season in Northeast 

China over last 5 decades has not been completely inspected. 

Therefore, the main objective of the study was to investigate 

the spatiotemporal characteristics of the climatic GS, GDD in 

Heilongjiang, China. Base temperatures 0, 5 and 10 °C were 

selected to produce growing degree days which were 

developed from daily mean temperatures during 1960 to 

2015. The possible implications of SGS, and EGS were also 

discussed for improving agriculture production and forestry. 

 

MATERIALS AND METHODS 

 

Study area (Heilongjiang, China) and its importance: 

Northeast China is a vital key base in China for economic 

crops (soybean, sugar beets), commercial food grains (rice, 

maize) and timber. The northeast China region current 

production is more than 40 % of grain yield production in the 

whole state. Its forested territories possess around 31 % of 

China's aggregate forested territory (Yang et al., 2007). In 

China climatic zones, Northeast China is one of the regions 

where climate warming ends up obvious (Liu et al., 2004). 

Northeast China contains Heilongjiang Province, Liaoning 

Province, Jilin Province and the east piece of Inner Mongolia 

Autonomous Region (Tong Liao City, Chi feng City, Hulun 

Buir City and Hinggan League). The Heilongjiang province 

covers 453.9 thousand km2 of which 9 million hm2 is total 

farmland. The province has an extensive cold winter and short 

summer, but with sufficient sunshine for good crop 

production. The farming production of Heilongjiang province 

is in an exceptional position in China. It has largest cultivated 

land area per capita, most importantly soybean and sugar beet 

yield, and the highest level of agro-machinery of all territories 

in China. Rice production is rapidly developing in last years, 

the cultivable area has extended about 15% of aggregate crop 

cultivation region of province. The yield is 20% of aggregate 

output. Heilongjiang is main spring wheat production zone in 

China, and the unit wheat yield has enormously expanded 

since when Canadian spring wheat was introduced. With 

dense forestry in mountain territory, Heilongjiang has one of 

the most extravagant forest in China (Enchen, 2003). 

Temperature dataset: Across Heilongjiang province a 

homogenized daily mean temperature dataset which includes 

thirty meteorological stations distribution was utilized in 

present research for the period 1960–2015. The data set, 

already selected for reviewing climate change impact ( Yan et 

al., 2011; Dong et al., 2013; K. Hu et al., 2013; Z. Zhang et 

al., 2016) based on actual meteorological stations which were 

obtained from China Meteorological Administration. Because 

of missing data and irregularities in 4 stations out of 30, only 

26 stations data were used in this particular research for better 

results. 

Standard normal homogeneity test (SNHT): A probability 

ratio test (SNHT) was used to detect in-homogeneities and 

identifies sudden changes in time series data (Ribeiro et al., 

2015) for obtaining better results. Using XLSTAT a tool of 

MS EXCEL, critical value for SNHT statistics significance 

was set to 95%, and to avoid missing data and errors total 26 

out of 30 stations were used in this study. 

Estimation based on daily mean temperature: Three base 

temperature (Tb) were selected which were 0, 5, and 10 °C 

for calculating annual LGS (day), GDD (°C), SGS (day) and 

EGS (day) for every station in the desired study area (Liu et 

al., 2010; Yin et al., 2017b). Before calculation five day 

running average method was applied to smoothen the data. 

When the mean temperature was recorded above base 

temperature continuously Td ≥ Tb that was determined as the 

start of growing season (SGS) among the 5 day running mean, 

and when the temperature fell down from Tb i.e. Td < Tb that 
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was noted as the end of growing season (EGS). The days from 

SGS to EGS were calculated and indicated as length of 

growing season (LGS) or (GS).  

In conclusion, the accumulated total annual GDD was the 

positive withdrawals of the Td from the Tb throughout the 

LGS, as follows 

𝐺𝐷𝐷 =∑(𝑇𝑑, 𝑖 − 𝑇𝑏)

𝑛

𝑖=1

 

Where (Td,i) is the mean daily temperature (°C) of ith day, and 

length of the GS is equal to n. 

Trend analysis: To show provincial mean values in 

Heilongjiang, China for 1960–2015 mean of all twenty-six 

stations were calculated. For both, station wise and on 

provincial mean values using the least squares method, slope 

of the linear regression was calculated for temporal trend. 

Meanwhile, for testing statistical trends significance, a 

broadly used non-parametric Mann–Kendall trend test was 

used, and test significance level was p < .05 (Grub and 

Robson, 2000). 

Sensitivity analysis: As per preceding researches, there is no 

specific definition for climatic variables sensitivity (Irmak et 

al., 2006). Sensitivity of temperature can be calculated as the 

ratio between linear fit (slope) of the anomalies to the annual 

mean temperature (AMT) for each station (Deng et al., 2018).  

𝑆 =
𝛿𝑦

𝛿𝑇
 

Where S indicate sensitivity coefficient, y is the dependent 

variable (LGS, GDD, SGS and EGS), and annual mean 

temperature is indicated by T. The positive (+S) indicates 

positive temperature sensitivity however, higher value of 

absolute S (|S|), directs more sensitivity to temperature change 

of dependent variable. 

Pettit’s test: Pettit’s test (Pettitt, 1979) is a non-parametric test 

that allows identifying the point at which change take place in 

a time series or climate series with continuous data, it is 

adapted from the rank-based Mann-Whitney test. It tests the 

null hypothesis’s H0: and T variables monitor one or more 

than one distribution that have the same location parameter 

(no change), counter to the alternative hypothesis’s H1: a 

 
            Figure 1. Location of the study area and the stations used in this particular study (Liu et al., 2011). 
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change point subsists. The statistical significance of Pettit’s 

statistical test significance level was set to p < .05. 

 

RESULTS AND DISCUSSIONS 

 

Spatial variations of GDD and GS in Heilongjiang, China 

from 1960 to 2015: Interpretation of GDD spatial 

distributions trend during 1960-2015 is displayed in Fig. 2a-e. 

In Heilongjiang, China, all the stations exhibited a positive 

trend in GDD0 (67.95 ±17.70 °C day/10 years) and GDD5 

(56.28 ± 15.42 °C day/10 years). Exceptionally in GDD10 only 

one station ‘Mo’he’ showed non-significant (Table 1) results 

due to high altitude, long, severe winters of about seven 

months, and short, warm summers of approximately 90 days 

(Krishna, 2015). In GDD10 increasing trend was recorded 

(45.62 ± 13.17 °C day/10 years) in 25 stations out of 26 

stations. In all stations, the increase in lower base 

temperature, GDD was faster than that with a higher Tb. 

Trends in GDD varied spatially, with increasing rates higher 

in the central and south of the province and decreasing trend 

was found through regions in the subarctic far north where 

winters are long and bitter, The monthly 24-hour mean 

temperature ranges from −29.8 °C in January to 18.4 °C in 

July, with an annual mean of −4.29 °C. 

Table 1. Mann-Kendall test for different stations in Heilongjiang province. 

 
Note: The non-significant values are shaded  

 

Stations Mean slope/10 years Sen's slope Mean slope/10 years Sen's slope Mean slope/10 years Sen's slope

Fujin 3092.54 48.37 4.77 2088.18 39.92 3.81 1240.19 33.53 3.27

Hailun 2980.19 70.95 7.18 1996.75 59.10 5.86 1173.91 46.97 4.51

 Huma 2601.01 79.01 7.99 1700.07 65.16 6.49 959.26 53.38 5.46

 Jixi 3135.01 53.13 5.67 2101.74 43.37 4.50 1230.69 35.36 3.62

 Keshan 2974.88 75.48 7.56 2000.41 63.23 6.37 1182.54 51.13 4.94

Mingshui 3083.33 69.10 7.12 2088.75 56.68 5.79 1248.65 44.55 4.43

Mudanjiang 3208.02 71.80 7.24 2166.30 59.69 6.04 1287.61 49.62 5.11

Nenjiang 2772.74 73.97 7.46 1830.15 60.79 6.00 1049.04 49.96 4.89

Qiqihar 3290.33 77.67 7.82 2269.22 64.59 6.23 1398.89 52.03 5.04

Shangzhi 3042.25 82.44 8.55 2032.43 69.38 7.07 1191.00 56.83 5.73

Anda 3288.42 59.73 6.19 2265.28 49.00 5.11 1391.53 38.48 3.87

Suifenhe 2716.20 45.83 4.93 1720.63 36.94 3.86 906.55 27.08 2.84

Suihua 3137.51 86.55 9.03 2130.45 72.58 7.56 1280.10 58.32 5.88

Sunwu 2569.17 112.51 11.24 1651.32 95.75 9.49 903.69 79.12 7.69

Tonghe 3046.74 53.15 5.46 2041.96 45.18 4.74 1202.91 38.03 3.70

Yichun 2757.04 48.19 4.77 1793.88 37.28 3.66 1001.38 29.26 2.92

Jiamusi 3159.03 64.09 6.35 2137.53 53.18 5.61 1274.74 45.54 4.91

Harbin 3348.00 88.51 9.05 2302.60 74.21 7.48 1411.97 60.88 5.90

Baoqing 3191.15 74.87 7.75 2156.61 61.63 6.32 1281.18 51.17 5.33

Fuyu 3108.48 77.65 7.69 2115.12 63.34 6.14 1274.63 49.89 4.83

Huling 3055.64 69.57 7.12 2033.54 58.29 5.77 1180.05 47.58 4.65

Tie li 2945.56 72.60 7.24 1959.41 61.32 5.99 1138.82 50.00 4.86

Mo he 2111.99 18.62 2.10 1298.25 13.83 1.55 653.87 8.21 0.93

Tailai 3413.78 61.89 6.26 2373.70 50.70 4.93 1480.64 39.88 3.74

Yilan 3116.33 58.39 5.95 2095.26 47.48 4.81 1236.93 39.77 4.00

Bei an 2804.44 72.56 7.34 1852.40 60.57 5.95 1064.43 49.44 4.73

GDD5 GDD10GDD0
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Figure 2. Spatial trends distribution in growing degree 

days (GDD) and length of growing season (LGS) 

a, b for Tb0°C, c, d for Tb5°C and e, f for Tb10°C 

during the period 1960-2015 (Liu et al., 2011). 

 

The spatial variation of growing season length (LGS) during 

1960-2015 presented in Fig. 2 b-f. High percent (85, 85 and 

81) of the stations displayed an increasing results with the 

increasing trend of LGS0 (2.1 ± 0.44 days/10 years), LGS5 

(2.5 ± .62 days/10 years) and LGS10 (2.5 ± 0.74 days/10 years) 

respectively, (Mann-Kendall test, p < .05) (Table 1). The 

significant lengthening LGS disseminated in whole province 

but greater variation was found in far Northern (Mo’he, Huma 

and Sunwu etc) and southernmost (Mudanjiang, Jixi, 

Baoqing, Shangzhi etc.) part of Heilongjiang. However, LGS5 

had greater length of growing season comparatively. 

Extension in LGS was contributed by both, advancement of 

SGS and delay in EGS, the following scattered plot (Fig. 3) 

interpret the speed of growing season indices. The SGS has 

affected LGS in negative direction that is advancement of 

SGS and the magnitude was about 56, 52 and 59 percent for 

LGS0, LGS5 and LGS10 respectively. 

Advancement of SGS was recorded as -1.16 days/10 years for 

SGS0, -1.31 days/10 years for SGS5 and for SGS10 -1.47 

days/10 years. The negative sign indicates the advancement 

of the SGS. However, EGS affected LGS about 44, 48 and 

41% for EGS0, EGS5 and EGS10 respectively. The days per 10 

years delay was recorded as 0.92 days/10 years for EGS0, 1.2 

days/10 years for EGS5 and for EGS10 1.03 accordingly. 

Delay in EGS5 was recorded higher comparatively, and 

mostly the central part (Qiqihar, Fuyu, Keshan, Mingshui and 

Tei li etc) and the most south-eastern part of Heilongjiang 

showed slightly higher delay in length of growing season. 

While in the far Northern part lesser delay was examined.  

Table 2 portraits trends and mean values from 1960 to 1989 

and 1991 to 2015 for GDD, LGS, SGS and EGS in 

Heilongjiang province. The mean values for GDD and LGS 

was found high at lower base temperature from 1960-1989 

and 1991-2015. In addition for SGS high mean value was 

observed at SGS10, while for EGS high mean value was 

observed at lower base temperature. 

Temporal differences of change in Heilongjiang, China 

from 1960-2015: Fig. 4 indicates GDD, LGS, SGS and EGS 

inconsistencies in Heilongjiang province, the average GDD 

has been increased significantly (p < 0.05) throughout the 

period of 56 years. The increasing rate of GDD was recorded 

highest in Tb0, and lowest in the Tb10 (Table 3). Variations in 

GDD were balanced and low before 1993 and abruptly 

increased afterwards (Fig. 4 a-c). 

 
Figure 3. Start (SGS) and end (EGS) trends of growing season based on Tb0, Tb5 and Tb10 °C in Heilongjiang, China 

during 1960-2015 

 



Rahim, Xu, Hameed, Wei, Khalil, Cai, Wenhuan & Hamoud 

 1080 

Significant increase in length of growing season (LGS) was 

recorded about 2 to 2.5 days/10 years, which was influenced 

by advancement of SGS, and delaying in EGS, about 1.2 to 

1.5 days/10 years and 1 to 1.2 days/10 years respectively in 

Heilongjiang, China from 1960-2015 (Table 3) (Fig. 4 d-l). 

The extension in LGS was found more prominent in Tb5 and 

Table 2. Difference between 1960-1989 and 1991-2015, trend and mean values are also displayed 

 1960-1989   1991-2015 

 Mean Trend Diff Mean Diff trend Mean Trend 

GDD0 2902.3 4.2 206.2 3.1 3108.5 7.3 
GDD5 1931.3 3.7 167.1 3.3 2098.5 7.0 
GDD10 1118.5 3.1 133.0 3.1 1251.5 6.2 
LGS0 215.0 0.0 7.4 0.2 222.4 0.1 
LGS5 184.9 0.2 8.0 0.1 192.8 0.2 
LGS10 153.8 0.3 7.3 0.0 161.1 0.3 
SGS0 90.5 -0.1 -3.9 0.1 86.6 0.0 
SGS5 104.5 -0.2 -3.3 0.2 101.2 -0.1 
SGS10 121.3 -0.2 -3.8 0.0 117.5 -0.2 
EGS0 305.5 -0.1 3.5 0.3 309.0 0.1 
EGS5 290.7 0.0 4.1 0.2 294.8 0.2 
EGS10 276.1 0.1 3.1 0.0 279.2 0.1 

 
Table 3. Trends of thermal parameters and multiannual mean values in Heilongjiang, China during 1960-2015 

Parameters  Mean Standard Deviation 

Tb (℃ ) 0 5 10 

GDD Values℃ days 2998.1 ± 145.0 2007.8 ± 123.1 1178.7 ± 102.3 
Trend (℃ days /10year) 67.9 56.3 45.6 

LGS Values  days 218.7 ± 8.4 189.0 ± 11.2 157.1 ± 9.9 
Trend (days /10year) 2.1 2.5 2.5 

SGS Values days 88.5 ± 6.6 102.7 ± 6.6 119.6 ± 6.1 
Trend (days /10year) -1.2 -1.3 -1.5 

EGS Values days 307.2 ± 4.7 292.8 ± 5.0 277.6 ± 4.6 
Trend (days /10year) 0.9 1.2 1.0 

 

 
Figure 4. Growing degree days (GDD) and growing season temporal variation along with the start (SGS) and end 

(EGS) of growing season throughout the study period 1960-2015 on the bases of 0, 5 and 10 in Heilongjiang 
province, China (comparative to 1960-1989). The black smooth line represent the 10 year moving curve. 
The turning points are represented by vertical lines along with the label (year) 
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Tb10, and were more attributed to advancement in SGS5 and 

SGS10, however, the LGS of Tb0 was recorded lower in this 

study (Table 3). The turning points in LGS throughout the 

whole period for Tb0 were mostly 1988 and 1993, and for Tb5 

1986 and 1993 and for Tb10 mostly 1993 was noticed 

(Fig. 4 d-l). 

Therefore, on provincial average from 1960 to 2015, GDD 

has increased by 255.45 to 380.50 °C days and LGS has been 

lengthened up to 13.96 days. Moreover, the SGS has 

advanced by 6.58 to 8.45 days and the EGS was delayed by 

5.07 to 5.81 days. 

Temperature variation Sensitivity: The frequency 

distribution of temperature sensitivity exhibited in Fig. 5. 

Positive sensitivity (S) of GDD was showed by all stations, 

indicating that with increasing surface air temperature, GDD 

would increase. The GDD based on lower Tb showed higher 

sensitivity to temperature (Table 4, Fig. 5a), due to longer 

growing season (Table 3), and high accumulated temperature. 

However, in some station surface air temperature was 

increased most of the time in year that cause the LGS shorten 

due to low temperature near SGS and EGS. In spite of this, all 

stations indicated positive temperature sensitivity to LGS. On 

the other hand, SGS showed negative sensitivity in all stations 

and EGS showed positive sensitivity to surface air 

temperature. Under climate warming advancement in SGS 

tends to be more prominent than that of EGS with larger ǀSǀ in 

SGS (Table 4). 

Temperature sensitivity of LGS and SGS was found higher 

with high Tb, and in EGS high value was recorded in 

intermediate Tb, in addition, GDD sensitivity to temperature 

was higher in lower Tb contrary to LGS and SGS (Fig. 5a-d, 

Table 4).  

Table 4. Thermal parameters temperature sensitivity (S) in Heilongjiang, China during 1960 to 2015. 

Tb (℃) GDD (℃ .day/℃) LGS (day/℃) SGS (day/℃) EGS (day/℃) 

0  195.10 ± 36.97 6.02 ± 1.21 -3.34 ± 0.78 2.69 ± 1.08 

5 161.40 ± 32.24 7.30 ± 1.77 -3.86 ± 1.02 3.44 ± 1.35 

10 130.72 ± 28.29 7.19 ± 1.95 -4.25 ± 1.44 2.93 ± 1.10 

 

 
Figure 5. Frequency distribution histogram for the temperature sensitivity (S) of the growing degree days (GDD) a, 

length of growing season (LGS) b, start (SGS) and c end (EGS) of growing season d based on Tb 0, 5 and 10 ℃ in 

Heilongjiang. 
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GDD and LGS variations in Heilongjiang, China from 

1960-2015: This study resulted that average of overall 

Heilongjiang province from 1960 to 2015, SGS has advanced 

by 1.2 – 1.5 days/10 years and EGS has been delayed by 0.9 

to 1.2 days/10 years, therefore LGS resulted longer with rate 

of 2.1 - 2.5 days/10 years, depending on the base temperature 

selected. For instance, (Linderholm et al., 2008) reported 

LGS increment in Greater Baltic Area from 1951 to 2000. 

This results approve the outcomes based on regional mean of 

thermal growing season, (Liu et al., 2010; Liu et al., 2016) 

provided information after year 2000. Patterns in parameters 

of growing season (LGS, SGS and EGS) amid the period 

1960– 2011, possibly suggested some portion of clarification 

for advanced spring/summer phenophases, delayed in autumn 

phenophases and phenological stretched growing season in 

China since 1960 (Ge et al., 2015; Liu et al., 2010). 

As a result, mean SGS has advanced by 6.58 to 8.45 days and 

EGS was delayed by 5.07 to 5.81 days, which caused the LGS 

expansion up to 13.96 days, throughout the whole period of 

56 years (1960-2015). Similarly, (Shen et al., 2012) reported 

that with the advancement of 5.3 days in the start (LGS), 

about 7.1 days delay in end (EGS) and the length of growing 

season (LGS) was reported 14.1 days from 1960 to 2009, in 

addition, (Dai et al., 2014) also reported increase in growing 

season parameters (Jiang et al., 2011). Prolong growing 

season resulted in high GDD, which was increased 

significantly from (GDD10 to GDD0) 255.45 to 380.50 °C 

days (1960-2015) respectively. Increase in GDD from higher 

(GDD10) to lower Tb (GDD0) was also found in other studies 

(Mix et al., 2012; Xuchao Yang et al., 2013; Yin et al., 

2017b). 

As the sensitivity being positive to mean annual temperature, 

LGS expansion and GDD increment found in current 

investigation, which are related to surface air temperature 

increasing in China (Cao et al., 2013; Deng et al., 2018; Yin 

et al., 2017b). As provincial mean values demonstrating, 

when Tb shifted from 0 to 10 °C (Table 3), the SGS changed 

from early mid-spring (date 88.5) to late mid-spring (date 

119.6), and EGS reformed from late-autumn (date 307.2) to 

mid-autumn (date 277.6) referring to the study conducted by 

(X. Chen et al., 2005). Therefore (LGS, SGS, EGS) 

parameters above 0 °C were more sensitive to winter, and 

above 10 °C were more sensitive to summer temperature. In 

Heilongjiang during 1960 to 2015, the SGS advancement was 

faster than EGS in Tb 0, 5, and 10 °C associated to (Yin et al., 

2017b) in china from 1960-2011, the same results were 

determined by (Piao et al., 2007) in North America. 

Moreover, (Deng et al., 2018) also stated that LGS expansion 

is mostly caused by advancement of SGS. On the other hand, 

the sensitivity being positive in all parameters, however the 

GDD0 was more sensitive as compare to GDD5 and GDD10, 

(195.10, 161.40 and 130.72 ℃.day/℃) respectively. However 

LGS0 was less sensitive to mean annual temperature and 

resulted higher in LGS5 (7.30 day/℃), in SGS and EGS the 

high sensitivity was found in SGS10 and EGS5, (-4.25 and 3.44 

day/℃) respectively (Table 3). 

Consequently, the slope growing degree days in 1993 

increased and, indicating greater uniformity to surface air 

temperature in spring, summer and fall. However, the 

growing season parameters (LGS, SGS and EGS) resulted 

considerably hastened in 1987 and 1988 (Jingpeng Guo et al., 

2019) with Tb 0 and 5 °C, and mostly 1993 at 10 °C Tb. 

Spring, summer, and fall warming indications had a declining 

tendency between 2000 and 2013 (Liu et al., 2016), while 

winter warming indication had an increase tendency during 

the same period, and overall surface temperature showed 

warming trend (Kosaka and Xie, 2013). 

In most stations, the patterns were in consistent with national 

studies but the GDD increment was highly significant all over 

the province but far north-west (Mo He) cold temperate 

humid zone of the province, showed insignificance due to 

high elevation, bitter winter and low spring temperature (Yin 

et al., 2017a). GDD was found moving from south and north, 

towards central and west-central of the province from Tb10 to 

Tb0 respectively (Yin et al., 2017a). However, the growing 

season trend is moving in same direction but increasing from 

lower Tb to higher Tb (Tb0 to Tb10) respectively (B. Liu et al., 

2010). Therefore vegetation circulated in northwest 

arid/semi-arid zone and eastern areas may have been 

influenced diversely due to environmental change since 1960 

(Yin et al., 2017b). 

Implications and Importance of Variation in GDD and 

LGS: Investigation regarding GDD and LGS under 

environmental change, could have some assistance to study 

on vegetation inspection, animal physiology and most 

importantly agriculture production. Since 1730s GDD has 

been used as an indicator for ecosystem to analyze diurnal 

temperatures and there effect on plant growth stages, and 

perform as a key for improving adaptive management policies 

for future. As the relation between plant growth and climate 

change (Arora and Boer, 2005), GS and variation in Growing 

degree days (GDD) could affect complex ecosystem. The 

obvious response to improved GDD and advancement in SGS 

has been noticed by (Liu et al., 2016) and also supported by 

(Jiang et al., 2011; Clark et al., 2014). Therefore, it 

contributes in reduction of evapotranspiration elevation and 

potential evapotranspiration from 1960 (Gao and Liu, 2011; 

Yin et al., 2017a). 

High temperature simulation of photosynthesis function and 

comparison to respiratory function resulted by spring 

temperature warming (Piao et al., 2008), moreover, soil 

temperature and moisture changes was recorded sensitive to 

soil carbon degradation (Smith et al., 2004). Forest carbon 

storage is partially controlled by real growing season (White 

et al., 1999). It ought to be noticed, that advantages of an 

extended LGS with higher temperatures might be neutralized 

by changes in precipitation patterns, particularly in the arid 

and semi-arid areas in China, where water budget limitations 
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determine the trend of plant growth reaction to warming 

atmosphere (Yu et al., 2003; Hameed et al., 2019). For 

instance, the greening pattern in all biomes of north-western 

China, previous two decades has been identified with 

expanded precipitation, an impact which was adjusted by the 

warming pattern. Utilizing atmospheric scenarios, (Zhang et 

al., 2006) regional simulated variations in extreme climatic 

events over China. As the advancement of SGS causes more 

biospheric carbon uptake so on the contrary delay in EGS is 

more contributed to biospheric carbon injuries (Barichivich et 

al., 2012). 

With prolonged LGS and increased thermal accumulation 

(GDD) the threshold level of multiple cropping system in 

china moved towards North (Zhenyong et al., 2008;Yang et 

al., 2015). Agricultural production will be increased with 

increasing temperature along with water consumption 

because the heat intensity will be higher and the transpiration 

and evapotranspiration will be increased. Moreover, those 

crops which are sensitive to moisture content will be affected 

adversely (Tao et al., 2003; Z. Zhang et al., 2016; Akuraju et 

al., 2017). 

GDD is the key parameter for predicting performance, extent 

and physiology of animals (Trudgill et al., 2005). For 

assistance, (Neuheimer and Taggart, 2007) reported that fish 

weight and length can be increase with the increased GDD. It 

also plays an important role in emergence, ripening and 

harvesting of crops (Kocmánková et al., 2010; Cayton et al., 

2015). 

 

Conclusion: Variations in growing degree days (GDD) and 

growing season (GS) parameters (LGS, SGS and EGS) three 

base temperature (Tb) 0, 5 and 10℃ were selected for 

Heilongjiang province during 1960 to 2015, were analyzed in 

this study. The LGS was found prolong due to advancement 

in SGS and delay in EGS, resulting significant increase in 

GDD (p < 0.05). The turning points were being observed in 

1986-1988 and 1993. The GDD based on lower Tb has longer 

LGS and faster increasing rate (GDD0 > GDD5 > GDD10), 

GDD sensitivity was found higher in lower Tb but for LGS 

the sensitivity was found higher in LGS5. Consequently, GDD 

showed high increasing rate from lower Tb0 to higher Tb10 

with prolong LGS and indicated maximum increase in central 

part and minimum increasing rate in far northern areas. On 

the contrary, the temperature sensitivity was found higher in 

LGS5 and LGS10 because of the high temperature sensitivity 

to SGS and EGS. Expansion of LGS was distributed over the 

province and prolonged in lower Tb0 and shortened with 

higher Tb10. However, the sensitivity to mean annual 

temperature, SGS had higher sensitivity than EGS, and 

advancement in SGS was faster than that of delay in EGS, 

mostly in far northern and southern most part of province 

comparative to the central and central-east part. 
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