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Abstract	

This	paper	utilizes	meteorological	data	including	daily	precipitation,	sunshine	duration,	
and	 temperature	 from	 representative	meteorological	observation	 stations	 in	various	
accumulated	temperature	zones	in	Heilongjiang	Province	from	1951	to	2015,	as	well	as	
observational	data	on	maize	growth	periods.	Based	on	the	theory	of	agricultural	climatic	
suitability,	 membership	 functions	 for	 temperature,	 moisture,	 and	 sunshine	 are	
constructed	to	analyze	the	suitability	of	light,	heat,	and	water	during	the	main	growth	
stages	of	major	grain	crops.	The	growth	stages	of	maize	are	divided	 into	 four	stages:	
sowing‐emergence,	 emergence‐tasseling,	 tasseling‐silking,	 and	 silking‐maturity.	
Resource	suitability	index,	resource	efficiency	index,	and	resource	utilization	index	are	
used	as	evaluation	 indicators	to	establish	an	agricultural	climatic	resource	suitability	
assessment	model	for	Heilongjiang	Province.	Finally,	the	suitability	of	climatic	resources	
for	maize	 in	 Heilongjiang	 Province	 is	 analyzed.	 The	 results	 show	 that	 the	 planting	
boundaries	of	different	crops	 in	Heilongjiang	Province	clearly	extend	northward	and	
eastward.	The	utilization	rate	of	agricultural	climatic	resources	 for	maize	 in	different	
growth	stages	in	Heilongjiang	from	1951	to	2016	is	ranked	from	high	to	low	as	follows:	
emergence	 stage	>	 sowing	 stage	>	maturity	 stage	>	 flowering	 stage.	The	 sowing	and	
emergence	stages	require	relatively	less	climatic	resources	compared	to	the	flowering	
and	maturity	stages.	Without	human	intervention,	the	suitability	and	utilization	rate	of	
climatic	resources	in	Heilongjiang	Province	are	relatively	low,	with	Harbin	being	slightly	
higher	and	Jiamusi	being	the	lowest,	especially	in	the	1980s.	Insufficient	heat	is	the	main	
limiting	 factor	 for	maize	 sowing	 and	 emergence	 in	Heilongjiang.	The	 suitability	 and	
utilization	rate	are	relatively	high	during	the	emergence	stage	at	four	stations,	except	for	
slightly	lower	in	northern	Heilongjiang,	where	water	is	also	a	major	limiting	factor	for	
maize	growth	during	most	flowering	periods	in	Heilongjiang.	
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1. INTRODUCTION	

The viewpoint that global climate is primarily warming has been widely accepted by most 
scientists and the general public. According to the latest research results from the 
Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment Report in 2013[1], the 
global surface temperature continues to rise, with the average global temperature increasing by 
0.85°C from 1880 to 2012 [0.65 to 1.06°C][2]. Disasters resulting from climate change, such as 
water stress, heavy rainfall and flooding, and increased pest infestations, have had significant 
impacts on agricultural yield and the layout and structure of agriculture[3]. 
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The Heilongjiang region is located at high latitudes and the eastern end of the Eurasian 
continent, possessing unique climate resource characteristics. It is characterized by a decrease 
in sunshine hours, a significant increase in heat resources, and uneven temporal and spatial 
distribution of precipitation. It is highly sensitive to climate change and is one of the regions 
with a high frequency of meteorological disasters[4]. Maize is the main grain crop in 
Heilongjiang Province. According to statistics, the maize planting area in the three northeastern 
provinces in 2009 was 4.854 million hectares, accounting for 35% of the total grain crop 
planting area in the province. The planting area has tripled compared to 1985. Maize plays a 
pivotal role in grain crop production in Heilongjiang Province. The suitability of the climate 
environment directly restricts the material circulation, energy flow, information transmission, 
and value-added of maize. Therefore, conducting an in-depth analysis of the utilization of 
agricultural climate resources during the maize growing season in this region is of great 
significance for optimizing planting management strategies, improving resource utilization 
efficiency, reducing production costs, and mitigating negative environmental impacts. 

The change in solar energy resources is mainly reflected in the change in sunshine hours. 
Heilongjiang Province exhibits the largest total solar radiation in the southwest, with relatively 
fewer sunshine hours in the central and northern regions[4-8]. The change in heat resources is 
mainly reflected in the change in temperature. Heilongjiang Province has become one of the 
most significant regions in China in response to climate warming, with an increase of 10 days 
in the maize growing period in the northeastern region[9-12]. Precipitation in the eastern part 
of Heilongjiang Province has mostly shown a decreasing trend, decreasing by 15 to 20 mm[13-
14] over the past 50 years. Against the backdrop of climate change, analyzing the trends in 
climate change during the maize growing season in Heilongjiang Province and its impact on 
agricultural production, studying the spatial-temporal variation of the utilization rate of 
agricultural climate resources during the maize growing season, attempting to explore ways 
and measures to improve the utilization rate of agricultural climate resources, establishing 
evaluation indicators for the suitability of agricultural climate resources in Heilongjiang 
Province, and evaluating the suitability of agricultural climate resources for maize in 
Heilongjiang Province provide scientific basis and reference for Heilongjiang Province to cope 
with climate change, rationally utilize climate resources, guide maize agricultural climate 
zoning, and conduct agricultural meteorological disaster risk assessments. 

2. MATERIALS	AND	METHODS	

2.1. Data	Sources	

We selected meteorological data from four representative meteorological stations in 
Heilongjiang Province, spanning from the first to the fifth accumulated temperature zone, for 
the period 1951 to 2015. The data include daily measurements of 24-hour precipitation, 
maximum and minimum temperatures, daily mean temperature, sunshine hours, average wind 
speed, and sunshine duration, obtained from the China Meteorological Science Data Sharing 
Service Network. Data on maize yield and planting area in Heilongjiang Province were sourced 
from the Heilongjiang County Statistical Yearbook. Observational data on maize growth periods 
were obtained from various agricultural meteorological stations. Table 1 presents the average 
growth periods of maize observed in stations across Heilongjiang Province. The climatic 
suitability was calculated as the average value of each station, representing the climatic 
suitability time series for the province. 
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Table	1.	The division of maize growth stages in Heilongjiang Province 
Sowing Seedling Emergence Tasseling Maturity 

May 1st to May 
10th 

May 16th to May 31st July 22nd to July 31st September 16th to 
September 30th 

2.2. Research	Methodology	

The Effective Evaluation Model Method: This study combines the theory of climate suitability 
with fuzzy mathematics. It analyzes the suitability of light, heat, and water for maize during 
each growth stage by establishing membership functions for temperature, sunshine duration, 
and precipitation. Then, using the membership functions, it establishes three functions: 
resource suitability index, resource efficiency index, and resource utilization index, by applying 
weighting methods. These functions are used as evaluation indicators to assess the climate 
suitability of Heilongjiang Province, the coordination of various climate resource elements, and 
the utilization rate of climate resources during each growth stage of crops [15]." 

3. MEMBERSHIP	FUNCTIONS	AND	EVALUATION	INDICATORS	
3.1. Membership	Functions	

The membership functions for light, heat, and water for maize growth at various 
meteorological stations were calculated using the following formulas. Evaluation was 
conducted based on the following criteria: membership function values greater than 0.85 were 
considered high, values between 0.85 and 0.70 were considered relatively high, values between 
0.70 and 0.50 were considered moderate, and values less than 0.50 were considered low. 

1. Temperature Membership Function 
Based on the requirements and responses of crop growth and development to temperature, 

the impact of temperature on crops can be divided into two thresholds: maximum temperature 
and minimum temperature, along with an optimal range. By using the cross of the rising half 
spine distribution and the falling half spine distribution of fuzzy subsets in fuzzy mathematics, 
the following temperature membership function can be established [16]. 

 

                    (1) 

 
In the equation, 21 ssHL ,t,t,tt  represent the upper limit of the three key temperature points 

within each crop growth stage and the optimal temperature. 
 

Table	2.	The three key temperature points and the upper limit at the optimal temperature 
for spring maize growth. 

Growth Stage Sowing to 
Emergence 

Emergence to 
Jointing 

Jointing to 
Tasseling 

Tasseling to 
Maturation 

Lt  10 12 16 15 

1st  20 22 27 22 

2st  
Ht  

28 
 

35 

26 
 

35 

30 
 

35 

27 
 

35 
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2. Moisture Membership Function 
It is an undeniable fact that there is a shortage of water resources in Heilongjiang Province, 

and consecutive years of drought have exacerbated this issue. The infrequency of crop 
waterlogging occurrences has led us to disregard the impact of excessive precipitation in this 
study. Therefore, we only consider insufficient precipitation and optimal conditions. The 
moisture membership function adopts the method of calculating the moisture correction 
coefficient using climate production potential [17], establishing the moisture membership 
function. 

,
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m
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0m cET k ET                             (3) 

 

In the equation: P is precipitation during the growth stage (mm); ETm is crop water 
requirement (mm); ET0 is the crop evapotranspiration; kc is standard crop coefficient [18], and 
specific values are shown in Table 3. 
ET0 is calculated using the modified Penman-Monteith equation recommended by the Food 

and Agriculture Organization (FAO) of the United Nations [19]. 
 

n 2 a d

0
2

900
0.408 R -G + γ U e - e

T + 273ET =
Δ+ γ 1+0.34U

（ ） （ ）

（ ）   
                  (4) 

 

In the equation: ET0 is the reference crop evapotranspiration ( /mm d ). Rn is the net radiation 
at the crop surface  )/( 2 dmMJ   . G is the Soil heat flux  )/( 2 dmMJ   . T is the average air 
temperature at 2 meters above ground (℃). U2 is the wind speed at 2 meters above ground 
( /m s ). ea is the saturation vapor pressure.   is the slope of the saturation vapor pressure-
temperature curve ( ℃/k aP ).  is the psychrometric constant ( ℃/k aP ). 

 
Table	3.	Crop coefficient values for various growth stages of spring maize in Heilongjiang. 

Month May June July August September 

ck  0.40 0.80 1.26 1.25 0.73 

 
3. Sunshine membership function 
When discussing sunlight factors, the main consideration is the duration of sunshine. If the 

sunlight conditions enable the crop to reach an appropriate state of response, we consider it to 
have reached 70% of the sunlight percentage. Therefore, by taking the duration of sunshine at 
different growth stages as the critical point, we can fit the membership function of sunshine 
duration for different growth stages [20]. 
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In the equation: R0 represents the critical point, R represents the average sunshine duration 
within the growth stage, b represents a constant, with specific values shown in Table 4 [21]. 

 
Table	4.	The values of b for different growth stages of maize. 

Growth Stage Sowing Emergence Flowering Maturation 

b 4.77 5.08 5.17 5.24 

3.2. Agricultural	Climate	Resource	Effectiveness	Evaluation	Indicators	

1.Resource Suitability Index  
The resource suitability index reflects the suitability of light, temperature, and water climate 

resources for cereal crops during the growth stages. Combining the membership functions 
established above with the weights given by the comprehensive weighting method, the formula 
for the resource suitability index is derived. 

 
)()()( RSAWSATSAI RRWWTTsr                          (6) 

 
2. Resource Efficiency Index  
The efficiency suitability index seI  reflects the matching degree of light, temperature, and 

water resources during the crop growth stages. Combining the membership functions 
established above and taking the minimum value of the three membership functions, the 
formula for the resource efficiency index is obtained. 

 
)()()( RSWSTSI RWTse                            (7) 

 
3. Resource Utilization Index 
The resource utilization index reflects the comprehensive utilization level of climate 

resources during the crop growth stages. The resource utilization index is obtained by taking 
the ratio of the resource suitability index to the resource efficiency index. The formula is as 
follows: 

 

sr

se

I

I
K                                  (8) 

 
In the formula, )(),(),( RSWSTS RWT  represent the membership functions of temperature, water, 

and sunshine, respectively, corresponding to their respective weights set for temperature, water, 
and sunshine membership functions. This study adopts a combined weighting method based 
on the Analytic Hierarchy Process (AHP) and Entropy Weighting Method to calculate the 
weights (Table 5) [22]. 

Among them, a larger value indicates a higher suitability of agricultural climate resources 
during the growth stages of cereal crops. A larger value seI  indicates a better coordination of 
light, heat, and water during the growth stages of major cereal crops [16]. According to the value, 
the coordination of agricultural climate resources is divided into four levels: good ( seI  ≥0.7), 
relatively good (0.5≤ seI ＜0.7), moderate (0.3≤ seI ＜0.5), and poor ( seI ＜0.3) [16]. If the value K  
is higher, the utilization rate of climate resources during the crop growth stages is higher; 
conversely, the utilization rate of climate resources is lower. According to the value, the 
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utilization rate of agricultural climate resources is divided into four levels: high ( 0.7K   ), 
relatively high ( 0.5 0.7K  ), relatively low ( 0.3 0.5K  ), and low ( 0.3K  ) [16]. 

 

Table	5.	Combined Weight Coefficients 

method Growth Stage Temperature 
Weight Water Weight Sunshine 

Weight 

Combined 
Weighting 

Method 

Sowing to 
Emergence 0.57 0.32 0.10 

Emergence to 
Jointing 

0.30 0.47 0.22 

Jointing to 
Tasseling 0.33 0.44 0.23 

Tasseling to 
Maturation 0.80 0.36 0.24 

4. ANALYSIS	OF	CALCULATION	RESULTS	

4.1. The	Variation	of	Membership	Function	Values	

1. Variation of Sunshine Membership Function Values 
Sunshine is one of the crucial climate elements in agricultural production. Adequate sunshine 

promotes photosynthesis in crops, enhances their nutrient synthesis capacity, and significantly 
influences the growth, development, and yield quality of crops. In this study, we have calculated 
the membership function results for the utilization efficiency of agricultural production under 
different sunshine conditions. These results help us better understand the suitability of maize 
growth in Heilongjiang Province under different sunshine conditions, providing scientific 
evidence for agricultural production. 

 

 

 
Figure	1. The variation trend of light subordination function at different growth stages of 

maize in Heilongjiang Province from 1951 to 2015. 
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Figure 1 depicts the variation of sunshine membership function for maize growth stages 
(sowing, emergence, flowering, and maturation) in Heilongjiang Province from 1951 to 2015. It 
can be observed that the efficiency of sunshine utilization during sowing stage decreased 
annually, and the sunshine suitability during the emergence stage was relatively low. However, 
as the maize growth progressed, the utilization rate of sunshine resources gradually increased, 
reaching higher levels during flowering and maturation stages. 

During the sowing stage, the trend rate of sunshine suitability for maize at the four sites is 
negative, while the trend rates for emergence, flowering, and maturation stages tend towards 0. 
From 1951 to 2015, the sunshine suitability during the emergence stage decreased annually by 
an average of 39.6%, with the most significant decrease observed in Jiamusi at 47.2%, and the 
least decrease in Harbin at 27.4%. The highest sunshine suitability during sowing stage was in 
Qiqihar in 1960 at 97.7%, while the lowest was in Jiamusi in 2015 at 48.6%. For the emergence 
stage, the highest sunshine suitability was in Qiqihar in 1985 at 98.7%, and the lowest was in 
Harbin in 2015 at 59.7%. During the flowering stage, the highest sunshine suitability was in 
Qiqihar in 2010 at 99.0%, and the lowest was in Jiamusi in 1965 at 26.9%. The highest sunshine 
suitability during the maturation stage was in Suihua in 1955 at 100%, and the lowest was in 
Harbin in 1975 at 79.2%. Spatially, it can be observed that Qiqihar and Suihua have higher 
sunshine suitability compared to the other two sites. The historical average minimum sunshine 
suitability occurred during the flowering stage in 2015 at 43.4%, while the historical average 
maximum occurred during the maturation stage in 2010. From the figure, it is evident that 
maize growth during the maturation stage is more stable, while during the flowering stage, 
there is more noticeable fluctuation. Jiamusi's sunshine suitability is relatively lower compared 
to other regions, while Qiqihar is at a higher level. For Jiamusi, the decrease in yield may be 
attributed to insufficient sunshine resources, possibly due to cloudy weather during July and 
August, leading to inadequate sunshine. The sunshine resources in Figure 1 are not low at any 
stage, consistent with the characteristic of long sunshine duration in high latitude areas. Among 
them, Qiqihar's sunshine growth environment is more suitable for maize growth. 

 

 

 
Figure	2.	The changes in Moisture Membership Functions during Various Growth Stages of 

Maize in Heilongjiang Province from 1951 to 2015. 
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2. Results of Water Membership Function 
Water is one of the essential factors necessary for maintaining crop growth and development. 

Adequate water supply ensures normal crop growth, while water shortage limits crop growth, 
directly affecting agricultural production efficiency. In this study, we calculated the membership 
function results for agricultural production efficiency under different water conditions to 
evaluate the efficiency of agricultural production under different water conditions. These 
results help us better understand the impact of water conditions on agricultural production 
efficiency and provide scientific evidence for formulating corresponding agricultural 
production management measures. 

Figure 2 illustrates the water utilization of maize at four sites (Qiqihar, Harbin, Jiamusi, and 
Suihua) during sowing, emergence, flowering, and maturation stages from 1951 to 2015. From 
the figure, significant differences in water suitability can be observed among different years and 
stages at the four sites. 

From sowing to emergence stages, the water suitability at the four sites remains relatively 
stable, maintaining at relatively high levels. Qiqihar shows significant fluctuations in water 
suitability across the four growth stages, with the lowest water suitability reaching 8.6% and 
the highest reaching 96.3%. This indicates severe inadequacy in water resource allocation over 
time in Qiqihar, with periods of near stagnation. The trend rate of water suitability during 
sowing and emergence stages at the three sites, except for Qiqihar, fluctuates around 0, while 
the trend rate during the maturation stage is negative, indicating a year-on-year decrease in 
water suitability during maturation stage across the four sites. From 1951 to 2015, the water 
suitability during maturation stage decreased annually by an average of 56.6%, with the most 
significant decrease observed in Suihua at 80.2% and the least decrease in Harbin at 44.0%. The 
highest water suitability during sowing stage was in Jiamusi in 1960 at 100%, while the lowest 
was in Qiqihar in 2005 at 32.8%. For the emergence stage, the highest water suitability was in 
Harbin in 1955 at 100%, and the lowest was in Qiqihar in 2010 at 28.3%. During the flowering 
stage, the highest water suitability was in Jiamusi in 2000 at 64.9%, and the lowest was in 
Suihua in 2015 at 6.6%. This shortage in water suitability may be due to insufficient 
precipitation in Suihua during this period. The highest water suitability during the maturation 
stage was in Harbin in 1960 at 90.6%, and the lowest was in Qiqihar in 1995 at 8.6%. Spatially, 
Harbin and Jiamusi exhibit higher water suitability compared to the other two locations. The 
historical average minimum water suitability occurred during the flowering stage in 1980 at 
20.5%, while the historical average maximum occurred during the sowing stage in 1970 at 
93.4%. From Figure 2, it is evident that the water suitability fluctuates significantly at each 
growth stage, with the most noticeable fluctuations during the flowering stage, consistent with 
the recurring drought issues in Heilongjiang region. 

From sowing to emergence stages, water utilization at the four sites remains relatively stable, 
maintaining at relatively high levels. The average water utilization during the sowing stage at 
the four locations is 0.73, 0.78, 0.84, and 0.80, respectively, while during the emergence stage, 
the average values are 0.76, 0.82, 0.85, and 0.84, respectively. This indicates relatively high 
precipitation and water demand for maize planting during this stage to ensure seed 
germination and seedling growth. However, during the flowering stage, the average water 
utilization at the four locations is generally low, with values of 0.23, 0.31, 0.38, and 0.32, 
respectively. This may be due to the higher temperature leading to an increased water demand 
of maize, resulting in low water utilization. For this situation, appropriate irrigation measures 
are needed during the flowering stage from July to August. 

3. Analysis of Temperature Membership Function Results 
We evaluated the efficiency of agricultural production under different temperature 

conditions by calculating the membership function results. These results help us understand 
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the impact of temperature conditions on agricultural production efficiency and provide a 
scientific basis for formulating corresponding agricultural production management measures. 

 

 

 
Figure	3.	The Trend of Temperature Membership Functions during Different Growth Stages 

of Maize in Heilongjiang Province from 1951 to 2015. 
 

Figure 3 depicts the temperature suitability of maize at the Qiqihar, Harbin, Jiamusi, and 
Suihua sites during different growth stages from 1951 to 2015. From the trend rate of 
temperature suitability, it can be observed that the trend rates for all four growth stages of 
maize at the four sites are positive. This indicates that the temperature suitability increases with 
the increase in years, which indirectly confirms the global warming trend. From 1951 to 2015, 
the temperature suitability during the sowing stage increased by an average of 16.1%, with 
Suihua showing the most significant increase at 48.8%, while Harbin had the least increase at 
2.8% compared to the other three sites. The highest temperature suitability during the sowing 
stage was in Harbin in 2010 at 69.0%, while the lowest was in Suihua in 1960 at 28.0%. For the 
emergence stage, the highest temperature suitability was in Harbin in 2005 at 96.8%, and the 
lowest was in Suihua in 1955 at 64.5%. During the flowering stage, the highest temperature 
suitability was in Qiqihar in 2015 at 97.2%, and the lowest was in Suihua in 1955 at 82.8%. For 
the maturation stage, the highest temperature suitability was in Harbin in 2005 at 73.3%, and 
the lowest was in Suihua in 1970 at 22.7%. Spatially, Qiqihar and Harbin have higher 
temperature suitability compared to the other two sites, which is consistent with the division 
of the accumulated temperature zones. Qiqihar and Harbin are located in the first accumulated 
temperature zone, while Jiamusi and Suihua are in the second accumulated temperature zone. 
The historical average minimum temperature suitability occurred during the maturation stage 
in 1970 at 28.3%, while the historical average maximum occurred during the flowering stage in 
1985 at 95.1%. From the figure, it can be observed that the maize's temperature suitability is 
relatively stable during the maturation stage, while fluctuations are more pronounced during 
the flowering stage. For the sowing stage, the temperature membership function values for the 
four sites are 0.52, 0.57, 0.47, and 0.44, respectively. The lower values for all four sites during 
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this stage may be due to the low temperatures in Heilongjiang during March and April, 
necessitating the use of greenhouse covering during the emergence stage. 

In summary, Figure 3 provides information on the temperature suitability of maize at 
different growth stages in Qiqihar, Harbin, Jiamusi, and Suihua. Harbin and Qiqihar sites have 
higher temperature suitability compared to the other two sites, indicating that they are 
relatively more suitable for maize cultivation in terms of temperature, which also aligns with 
the accumulated temperature zone division. 

4.2. Evaluation	of	Agricultural	Climate	Resource	Effectiveness	

1. Resource Suitability Index 

 

 
Figure	4. The Trend of Resource Efficiency Index during Different Growth Stages of Maize in 

Heilongjiang Province from 1951 to 2015. 
 
From the decadal variation perspective (Figure 4), there isn't a significant change in the 

suitability Isr of agricultural climate resources across the four growth stages. During the 
emergence stage, the suitability of agricultural climate resources is relatively good for all four 
sites. However, compared to the 1980s, the values Isr for all sites noticeably decreased in the 
1990s and early 2000s, then increased after 2010. Looking at the spatial distribution (Figure 4), 
the values Isr during the sowing stage are generally lower, with Jiamusi being the lowest (below 
0.5) and Harbin the highest (0.6 to 0.7), while the rest Isr fall between 0.5 and 0.6. During the 
emergence stage, all four sites are in a high-value Isr zone of 0.7 to 0.9, with only occasional dips 
in Qiqihar, indicating good climatic suitability for maize growth, with sufficient light, 
temperature, and water meeting the basic requirements. During the flowering stage, the values 
are slightly lower than during emergence, with the highest average occurring in Jiamusi and the 
rest mostly falling between 0.5 and 0.6. During the maturation stage, the values generally range 
from 0.5 to 0.7, with a few reaching 0.8 to 0.9, andIsr the highest average occurring in Harbin, 
while the lowest is in Suihua. During this period, most of northeastern China experiences 
concurrent rain and heat, ample sunlight, which is conducive to maize grain filling and 
maturation. 
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2. The resource efficiency index. 
The resource efficiency index Ise represents the minimum climate suitability among the three 

elements of light, heat, and water. The climate factor with the lowest suitability may be the 
limiting factor affecting the growth and development of spring maize. 

 

 
Figure	5. The Trend of Resource Efficiency Index during Different Growth Stages of Maize in 

Heilongjiang Province from 1951 to 2015. 
 
Figure 5 displays the resource efficiency index of maize at four sites (Qiqihar, Harbin, Jiamusi, 

and Suihua) during the sowing, emergence, flowering, and maturity stages from 1951 to 2015. 
Differences in maize planting and growth are observed among the four sites in different years. 
The highest resource efficiency index during the sowing period from 1951 to 2015 was 0.6, 
while the lowest was 0.1. During emergence, the highest resource efficiency index was 0.9, and 
the lowest was 0.28. For the flowering stage, the highest resource efficiency index was 0.5, while 
the lowest was 0.06. Finally, during maturity, the highest resource efficiency index was 0.47, and 
the lowest was 0.08. 

Regarding the decadal variation of agricultural climate resource efficiency index (Figure 5), 
values during the sowing period varied significantly among different decades. During 
emergence, the agricultural climate resource suitability was relatively good across the four sites. 
However, there was a noticeable increase Ise in the 1970s during the flowering period, followed 
by a decrease in the 1980s and 1990s, with a slight decline seI  observed after 2015.  

Spatially, during the sowing, flowering, and maturity stages, the resource efficiency index 
values Ise were generally lower, with Jiamusi having the lowest index during flowering (0.063) 
and Harbin having the highest index during sowing (0.591). The values Ise ranged from 0.1 to 
0.5 for the other sites, indicating multiple limiting factors during these growth stages. During 
emergence, the sites were in a high-value Ise zone (0.6 to 0.9), except for occasional slightly 
lower values in Qiqihar, suggesting fewer limiting factors during emergence. However, during 
flowering, the values Ise were generally lower than during emergence, with the highest average 
occurring at the Jiamusi site and the lowest Ise at the Qiqihar site. The majority of the sites had 
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values Ise ranging from 0.1 to 0.4. For maturity, the values were generally between 0.2 and 0.4, 
with a few reaching 0.4 to 0.5, indicating various limiting factors, with most sites restricted Ise 
by water suitability during sowing, flowering, and maturity stages. 

3. Resource Utilization Index 
By assessing the resource efficiency index and the resource utilization index, we can gain a 

better understanding of the resource utilization situation, challenges, and improvement 
potential in maize cultivation in Heilongjiang Province. This will help promote the sustainable 
development of agriculture in Heilongjiang Province, improve the efficiency and quality of grain 
production, increase farmers' income, and accelerate the process of agricultural modernization. 

From the interdecadal variation of values K  for each growth stage (Figure 6), the sowing 
stage increased significantly after the 1960s, peaking in the 1970s, and notably decreasing in 
the 2000s in Jiamusi. In the seedling stage, the values for all four sites are relatively high K and 
close to each other, with average values K   of 0.773, 0.759, 0.761, and 0.786 respectively. 
During the flowering period, the values K  for all four sites increased significantly in the 1970s, 
decreased K  notably in Heilongjiang in the 1990s, and gradually increased thereafter. 

Regarding spatial distribution (Figure 6), the values K  for the sowing period were notably 
lower in the 2000s (ranging from 0.3 to 0.6), with Jiamusi having the lowest value and Suihua 
and Harbin slightly higher values. During the seedling stage, most values for the four sites were 
in the high-value K  area, with Harbin and Suihua having the highest values K . In the flowering 
period, the values for all four sites were generally low K  , with Jiamusi and Qiqihar mostly 
ranging from 0.2 to 0.4, while others ranged from 0.4 to 0.6. During the maturity period, the 
values K  were relatively higher for Harbin and Jiamusi, with Suihua having the lowest, and the 
rest mostly ranging from 0.4 to 0.6, with Harbin having the highest average value. The resource 
utilization index remained stable at around 0.8 during the seedling stage. From 1951 to 2015, 
the highest resource utilization index during the sowing period was 0.83, with the lowest being 
0.15; during the seedling period, the highest resource utilization index was 0.96, with the lowest 
being 0.43; during the flowering period, the highest resource utilization index was 0.66, with 
the lowest being 0.12; and during the maturity period, the highest resource utilization index 
was 0.6, with the lowest being 0.13. 

5. CONCLUSION	

From 1951 to 2016, the utilization rate of agricultural climate resources for maize in different 
growth stages in Heilongjiang Province is ranked from high to low as follows: seedling stage > 
sowing stage > maturity stage > flowering stage. The sowing and seedling stages require 
relatively fewer climatic resources compared to the flowering and maturity stages. Without 
human intervention, the suitability and utilization rate of climatic resources in Heilongjiang 
Province are relatively low, with Harbin being slightly higher and Jiamusi being the lowest, 
especially in the 1980s. Insufficient heat is the main limiting factor for maize sowing and 
seedling emergence in Heilongjiang. During the seedling stage, the suitability and utilization 
rate are relatively high for all four sites, except for slightly lower values in the northern part of 
Heilongjiang Province, where water availability is the main limiting factor for most maize 
growth during the flowering period. 

Heilongjiang Province is located in the northeast part of China, characterized by long, cold 
winters and slow temperature rise in spring. Particularly in March and April, temperatures in 
this region are relatively low, posing challenges for maize sowing and early growth. Therefore, 
it is necessary to take some warming measures to ensure maize growth in a more comfortable 
environment, improve seedling survival rate, and accelerate growth after sowing. 

For maize cultivation in Heilongjiang Province, the flowering period (July to August) is a 
critical growth stage. During this period, maize requires relatively high water demand. 
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Therefore, proper irrigation is essential to ensure normal growth and increase yield. It is 
recommended to closely monitor weather changes and soil moisture conditions during the 
flowering period. If drought or other environmental pressures occur, timely irrigation should 
be carried out to meet the water demand of maize. By comprehensively applying various 
agricultural technologies and management methods, it is believed that the yield and quality of 
maize in Heilongjiang Province can be effectively improved, making greater contributions to the 
development of agricultural economy. 
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