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Abstract: As an important indicator of vegetation coverage, the Normalized Difference Vegetation Index 12 

(NDVI) reflects the changing pattern and evolving trend of the environment. In the Loess Plateau, vegetation 13 

plays a critical role in soil and water conservation, which strongly affects the achievement of sustainable 14 

development goals. The study of the spatial distribution and temporal trends of NDVI is of great practical 15 

importance for the planning of soil and water conservation measures, the evaluation of environmental 16 

situation. In this study, the NDVI, precipitation and land cover data of the Jing River Basin were collected, 17 

the emerging hot spot and cold spot patterns of NDVI were examined, the characteristics of spatial 18 

distribution and temporal variation of the NDVI in the basin were analyzed, the impacts on NDVI changes 19 

from climate, land cover change have been discussed. The results show that the NDVI in Jing River Basin 20 

shows a spatial trend of decreasing from northwest to southeast. The emerging hot spot analysis results show 21 

that diminishing cold spot, oscillating hot spot, intensifying hot spot are predominant patterns in the basin. 22 

The whole basin shows the statistically significant upward trend of high-value aggregation of NDVI. The 23 

temporal trend of NDVI in the basin varies from-0.0171 to 0.0185 per year. The increasing trend of 24 

vegetation coverage in the basin is statistically significant. The positive correlation between the NDVI and 25 

the precipitation mainly observed upstream of the basin, revealing that the growth of vegetation in the Loess 26 

Plateau is more dependent on the water supply from the precipitation. Land cover transition patterns and the 27 

land use patterns also impact the spatial-temporal trends of the vegetation coverage in the basin. The study 28 

results may helpful for the vegetation restoration, soil and water conservation and sustainable development 29 



of the Jing River Basin. 30 
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1. Introduction 56 

Vegetation is an important part of the ecosystem and an intermediate link in the soil-plant-atmosphere 57 

continuum (Zhang and Huang 2021). It has the functions of transporting water, carbon sequestration, 58 

releasing oxygen and so on (Wang et al. 2016, Paustian 2014). Vegetation can weaken soil erosion caused by 59 

rainfall, reduce land surface runoff, alter groundwater quality, and decrease river sediment content (Aber et al. 60 

2010, Jin et al. 2021; He et al. 2020; He and Wu 2019). Vegetation coverage is a key factor in environmental 61 

protection and land resource planning. Vegetation coverage, to a large extent, represents the state of the 62 

terrestrial environment and ecosystem. Vegetation coverage is affected by anthropological activities and 63 

climate change, directly influencing regional socio-economic development, the stability and safety of the 64 

environment and the ecosystem (Jin et al. 2021). 65 

Remote sensing is an important technology to quickly obtain the vegetation types and vegetation 66 

coverage in a large area, and it can perform long-term dynamic monitoring of vegetation coverage at 67 

different scales. Normalized difference vegetation index (NDVI) was proposed by Kriegler et al. in 1969, is 68 

one of the most widely used vegetation indices based on remote sensing data, also known as biomass index 69 

change, which can separate vegetation from water and soil. It has been widely used in ecological and 70 

environmental monitoring, drought monitoring, vegetation growth capacity evaluation, land use, and so on 71 

(Huang et al. 2021). In recent years, many scholars have conducted more in-depth research on the temporal 72 

trend and spatial distribution of vegetation coverage based on the NDVI (Jin et al. 2021). 73 

The Jing River locates in the Yellow River Basin and is the second largest tributary of the Yellow River 74 

(Li et al. 2013). The Jing River flows through the Loess Plateau, where soil erosion is serious (Liu et al. 75 

2018). While recharging the Yellow River, it also brings a large amount of sediment to the Yellow River. The 76 

Jing River is also the main source of irrigation water for many large irrigation districts in the Guanzhong 77 

Plain of Shaanxi Province (Xu et al. 2019; Zhang et al. 2018a). For a long time, the problems of vegetation 78 

degradation, soil erosion, runoff reduction, and water pollution in this area have attracted much attention (Li 79 

et al. 2014), making it a landmark object for studying soil and water conservation, ecological protection, 80 

human health risk assessment, and sustainable development of the Loess Plateau and the Yellow River Basin 81 

(Zhang et al. 2020, 2021, Deng et al. 2021, Ning et al. 2016, Chang et al. 2016; Li et al. 2018, 2019a, b). A 82 

lot of research work concerning the Jing River Basin has been carried out by scholars worldwide (Li et al. 83 

2013, Liu et al. 2018, Xu et al. 2019).  84 



In the past two decades, through a series of environmental restoration measures such as the Grain for 85 

Green Program, the vegetation coverage in the basin has been improved, the spatial distribution of 86 

land-water resources has undergone significant changes, and soil erosion has been effectively curbed (Delang 87 

and Yuan 2015). However, problems of water shortage, water use conflicts, and ecosystem degradation in the 88 

basin still exist. In 2019, the ecological protection and high-quality development of the Yellow River Basin 89 

have become a national strategic goal in China (Li 2020a, b). Therefore, analyzing the characteristics of 90 

vegetation changes in the Jing River under the influence of climate change and anthropological activities is 91 

important for optimizing the allocation of regional land-water resources, adjusting soil and water 92 

conservation patterns, promoting ecological restoration, and achieving sustainable high-quality development 93 

goals in the Yellow River Basin. 94 

This study was conducted for the first time using the emerging hot spot analysis method to analyze the 95 

change characteristics of NDVI in the Jing River Basin. This study aims to: (1) analyze the aggregation mode 96 

and hot spots trend of vegetation cover in the basin, (2) obtain the spatial-temporal trends of vegetation cover 97 

in the study area, and (3) discuss the relationship between vegetation and climate change, anthropological 98 

activities in the basin. This study may provide a meaningful reference for the vegetation restoration, soil and 99 

water conservation, and sustainable development of the Jing River Basin. 100 

2. Materials and methods 101 

2.1 Study area 102 

Located in the middle reaches of the Yellow River, the Jing River is a secondary tributary of the Yellow 103 

River and the largest tributary of the Wei River (Fig. 1). The Jing River has a total length of 455.1 km and a 104 

drainage area of 45,400 km2 (Li et al. 2013, Liu et al. 2018). It straddles the three provinces (regions) of 105 

Gansu, Ningxia, and Shaanxi. The basin is divided into mountainous forest areas in the southwest, 106 

mountainous river areas in the southeast, and hilly areas of the Loess Plateau in the central and northern parts 107 

(Li et al. 2013, Liu et al. 2018). The basin is a typical temperate continental climate zone, located in the 108 

transition zone from a semi-humid climate to a semi-arid climate (Li et al. 2013, Liu et al. 2018). The annual 109 

average precipitation from 1981 to 2020 is 508.59 mm, and the annual average temperature is 9.7°C. The 110 

Jing River flows through the high-intensity soil erosion area of the Loess Plateau. A large scope of the basin 111 

is covered by thick loess which has poor corrosion resistance. The soil erosion in the basin has been severe 112 



for a long time, and the ecological environment is fragile (Li et al. 2013, Liu et al. 2018). 113 

The Jing River Basin is across the typical agropastoral regions of Northwest China. The dominating land 114 

cover is cultivated land, grassland, and forest, with percentages of 47.0%, 32.9%, and 16.5 %, respectively. 115 

The Jing River Basin is a very important irrigation water source for large irrigation districts. The proportion 116 

of agricultural water consumption exceeds 60% of the total water resources in the basin. 117 

 118 

Fig. 1. Location map of the study area 119 

2.2 Data 120 

2.2.1 Climate 121 

The daily meteorological data of the Jing River Basin from 1981 to 2020 were collected. Totally 18 122 

meteorological stations’ data were acquired from the China Meteorological Data Service Center (CMDSC 123 

2021). The distribution of the meteorological stations is shown in Fig. 1. 124 

2.2.2 NDVI 125 

The MODIS product was chosen to analyze the spatial and temporal trends of NDVI. The Terra/MODIS 126 

Vegetation Indices Monthly L3 Global 1 km SIN Grid datasets were downloaded from the Level-1 and 127 

Atmosphere Archive & Distribution System (LAADS 2021) Distributed Active Archive Center (DAAC), 128 

located in the Goddard Space Flight Center in Greenbelt, Maryland (https://ladsweb.nascom.nasa.gov/). The 129 

data spatial resolution is 1000 m. The annual NDVI of the basin was generated by the Maximum Value 130 

Composite (MVC) method. 131 

2.2.3 Land use and land cover 132 

The land use and land cover data were acquired from the website of GlobeLand30 (Jun et al. 2014) 133 

(http://www.globallandcover.com/). The GlobeLand30 is a is 30-meter spatial resolution global land cover 134 

data product, developed by the National Geomatics Center of China (NGCC 2021) and supervised by the 135 

https://ladsweb.nascom.nasa.gov/
http://www.globallandcover.com/


Ministry of Natural Resources of the People’s Republic of China. 136 

2.2.4 Digital elevation model (DEM) 137 

The elevation data were obtained from the website of the Consultative Group for International 138 

Agricultural Research (CGIAR 2021). The data is measured by the Shuttle Radar Topographic Mission 139 

(SRTM) project and produced by NASA. The spatial resolution of the DEM is 3 arc-second (about 90 m). 140 

3. Methods 141 

3.1. Getis-Ord Gi* statistic 142 

Among GIS tools, the Getis-Ord Gi* statistic is widely used for hot spot analysis. By calculating the Gi* 143 

statistics of spatial features (spatial variable), it is possible to reflect the aggregation degree of the high value 144 

area (hot spot) and low value area (cold spot) of the spatial variable (Chambers 2020, ESRI 2021). The 145 

calculation is as follows (Getis and Ord 1992, Ord and Getis 1995):  146 
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where jx  is the attribute value for spatial feature j , ji,  is the spatial weight between feature i  and j , n  148 

is the total number of features, and(Getis and Ord 1992, Ord and Getis 1995): 149 
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When the analyzed data is a time series, emerging hotspot analysis can identify the changing trend of the 152 

data (Betty et al. 2020, ESRI 2021). For example, it can find new, enhanced, reduced, and scattered hot and 153 

cold spots. The emerging hotspot analysis can classify the hot spot as patterns listed in Table 1 which defined 154 

by ArcGIS online help documentation (classifications of the cold spot are similar) (ESRI 2021): 155 



Table 1 156 

Emerging hot spot patterns and the definitions 157 

Pattern Definition 

No Pattern 

Detected 
Does not fall into any of the hot or cold spot patterns defined. 

New Hot Spot 
A location that is a statistically significant hot spot during the final time step and has never been a 

statistically significant hot spot before. 

Consecutive 

Hot Spot 

A location with an uninterrupted run of the statistically significant hot spot bins in the last time 

step interval. The location has never become a statistically significant hot spot before the final hot 

spot run and less than 90% of all bins are statistically significant hot spots. 

Intensifying 

Hot Spot 

A location that has been a statistically significant hot spot for 90% of the time-step intervals, 

including the last time step. In addition, the clustering intensity of high counts in each time step is 

increasing overall and the increase is statistically significant. 

Persistent 

Hot Spot 

A location that has been a statistically significant hot spot for 90% of the time-step intervals with 

no perceptible trend indicating an increase or decrease in the clustering intensity over time. 

Diminishing 

Hot Spot 

A location that has been a statistically significant hot spot for 90% of the time-step intervals, 

including the last time step. In addition, the clustering intensity in each time step is generally 

decreasing and the decrease is statistically significant. 

Sporadic 

Hot Spot 

A location that is an on-again then off-again hot spot. Less than 90% of the time-step intervals 

have been statistically significant hot spots and no time-step intervals have been statistically 

significant cold spots. 

Oscillating 

Hot Spot 

A statistically significant hot spot for the last time-step interval that has a history of also being a 

statistically significant cold spot during a prior time step. Less than 90% of the time-step intervals 

have been statistically significant hot spots. 

Historical 

Hot Spot 

The most recent time period is not a hot spot, but at least 90% of the time-step intervals have been 

statistically significant hot spots. 

In this study, the Getis-Ord Gi* statistic and the emerging hot spot analysis were implemented by 158 

Python and ArcGIS. In the analysis parameter setting, the time step interval is one year, space-time bin size is 159 

1 km, and the neighborhood distance interval is 20 km.  160 

3.2. Mann–Kendall trend test 161 

The Mann–Kendall (Mann 1945) trend test method is widely used in many fields of geoscience. It uses 162 

the data sequence order to judge the correlation degree between two variables and achieve the variation trend 163 

of the long-term data series. The Mann-Kendall trend test statistic can be calculated as follows (Mann 1945): 164 
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where n  is the length of the time series, 
jx  and kx  are the variable values in the time series ( kj  ). 166 

“sgn” is a symbolic function, and (Mann 1945): 167 
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The Mann-Kendall trend test uses a significance level of trend ( Z ), and the slope of the trend ( S ) to 169 

determine the trend significance of data changes. The significance level indicates whether the trend is 170 

statistically significant, while the slope shows the degree and direction of the trend. The statistic Z  can be 171 

calculated as follows (Mann 1945): 172 























0
)(

1
00

0
)(

1

S
SVAR

S

S

S
SVAR

S

Z  (6) 173 

If 0Z , the time series shows a monodic upward trend. If 0Z , the time series shows a monodic 174 

downward trend. The absolute critical value of Z for the significance level 0.01, 0.05 and 0.1 are 2.576, 175 

1.96 and 1.645, respectively. 176 

The variance ( S ) can be calculated by the following equation (Mann 1945): 177 
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where, q is the number of sets with the same variable value, 
pt  refers to data’s number in the pth set. 179 

3.3. Pearson Correlation Coefficient 180 

The Pearson correlation coefficient is used to measure the strength of a linear association between two 181 

variables, the equation is as follows (Forthofer et al. 2007): 182 
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where r  represents the Pearson correlation coefficient, ix denotes the value of the variables x , and iy  is 184 

the value of the variable y , x  refers to the arithmetic mean of variables x  , and y  is the arithmetic 185 

mean of variables y . The larger the absolute value of r , the stronger the correlation. When 0r , it 186 

indicates that the two variables are positively correlated, 1r  means a perfect positive correlation. When 187 

0r , it indicates that the two variables are negatively correlated, and the value 1r  means a perfect 188 

negative correlation. When 0r , it indicates that the two variables are not linearly related. 189 

4. Results and discussion 190 

4.1. Spatial trend of NDVI 191 

The mean and coefficient of variation (CV) of the NDVI series in the Jing River Basin were generated by 192 

calculating the arithmetic mean of each cell in the time series of NDVI image, and the spatial distribution 193 

characteristics of the NDVI statistics in the basin are shown in Fig. 2. 194 

 195 

Fig. 2. Spatial distribution of NDVI statistics in the Jing River Basin, (a) Mean of NDVI, (b) CV of NDVI 196 

The mean NDVI varies from 0.2699 to 0.8600 with an average of 0.5610, and shows a decreasing trend 197 

from southeast to northwest. The two wings of the basin had the highest value of NDVI. The NDVI in the 198 

north loess hilly region is the lowest. Zone of NDVI lower than 0.5610 mainly distributed in the upstream 199 

part divided by Guyuan, Kongtong, Xifeng, and Wuqi, which accounts for about 51.67% of the total area of 200 

the basin. 201 



The CV of NDVI varies from 0.0727 % to 7.7147 % (average: 1.2776 %), shows an increasing trend 202 

from southeast to northwest which differs from the distribution of Mean NDVI. As can be seen from Fig.2 203 

(b), there is a local aggregation of the high value of CV at the west of basin nearby Guyuan and Kongtong, 204 

indicating the vegetation coverage there varies stronger than other places in the basin.  205 

4.2. Inter-annual variation characteristics of basin mean NDVI 206 

The inter-annual variation of the NDVI in the Jing River Basin from 1998 to 2018 is shown in Fig. 3. The 207 

mean NDVI in the basin is 0.561, the minimum NDVI is 0.128 (2000), the maximum NDVI is 0.92 (2012). 208 

The NDVI anomaly changes from negative to positive in 2010, the overall NDVI shows an upward linear 209 

trend with the 
2R  coefficient of 0.8363, indicating that the vegetation coverage changes better gradually in 210 

these two decades in Jing River Basin. 211 

 212 

Fig. 3. The change curve of NDVI in the Jing River Basin, (a) annual NDVI and trend, (b) NDVI anomaly 213 

4.3. Spatial patterns of NDVI emerging hot spots 214 

Emerging hot spot analysis can reflect the aggregation pattern and trend of vegetation coverage, low 215 

NDVI value aggregating as the cold spot of vegetation coverage, while high NDVI value aggregating as the 216 

hot spot of vegetation coverage. During a period, the hot spot or cold spot emerges or diminishes with the 217 

variation of vegetation coverage. Using the emerging hot spot analysis tool analyzed the time series of NDVI 218 

data, the spatial patterns of emerging hot spots of NDVI are depicted in Fig.4. The NDVI statistics of each 219 

hot spot pattern and cold spot pattern are shown in Table 2. 220 



 221 

Fig. 4. Emerging hot spot patterns of NDVI in the Jing River Basin, (a) hot spot patterns, (b)hot spot trends 222 

 223 

Table 2 224 

The NDVI statistics of hot spot pattern and cold spot pattern in the Jing River Basin 225 

Pattern 
NDVI 

MIN MAX Mean STD 

New Hot Spot 0.3539 0.6485 0.5026 0.0800 

Consecutive Hot Spot 0.5262 0.7901 0.6664 0.0777 

Intensifying Hot Spot 0.6507 0.8493 0.7562 0.0580 

Persistent Hot Spot 0.6464 0.7855 0.7155 0.0357 

Diminishing Hot Spot 0.5864 0.7771 0.6910 0.0496 

Sporadic Hot Spot 0.5478 0.7879 0.6748 0.0695 

Oscillating Hot Spot 0.4436 0.7270 0.5887 0.0800 

Persistent Cold Spot 0.2206 0.4766 0.3187 0.0634 

Diminishing Cold Spot 0.2509 0.5525 0.3822 0.0719 

No Pattern Detected 0.3463 0.6556 0.4805 0.0863 

 226 

At the upstream of the basin, the primary spatial pattern is diminishing cold spot, indicating that this 227 

region has been a statistically significant cold spot of vegetation coverage for more than 18 years during the 228 

whole period, including the year 2018. The intensity of clustering low vegetation coverage in each year is 229 

decreasing overall and the decrease is statistically significant. This region accounts for 18.41% of the total 230 

area of the basin. In addition, 2 small persistent cold spots are observed, which have been the statistically 231 

significant low value aggregation of vegetation coverage for 18 years with no discernible trend showing 232 



increase or decrease in the clustering intensity of vegetation coverage over time. 233 

In the mid-upstream of the basin, there is a strip between Huanxian and Xifeng that shows no obvious 234 

pattern of hot or cold spot, indicating that in this region no obvious aggregation pattern or trends of 235 

vegetation coverage was observed in these two decades. This strip accounts for 16.36 % of the total area of 236 

the basin. 237 

At the central part of the mid-downstream of the basin, from Xifeng to Qindu, large scope of oscillating 238 

hot spot is observed, representing the vegetation coverage at this region is high in 2018, but also has a history 239 

of low coverage during a prior period, and the period of high vegetation coverage is less than 18 years during 240 

the last two decades. This pattern of vegetation coverage trend reaches 44.70 % of the total area of the basin. 241 

The intensifying hot spot main distributes at the west wing and east wing of the basin, indicating that the 242 

vegetation coverage in these regions keeps high for more than 18 years during the period including the year 243 

2018, and has a significant increasing trend in each year. The percentage of this pattern in the basin is 244 

14.57%. 245 

In addition, the proportions of the consecutive hot spot, the sporadic hot spot, the persistent hot spot, the 246 

diminishing hot spot, and the new hot spot in the basin are 3.00 %, 1.87 %, 0.47 %, 0.27 %, 0.22 %, and 247 

0.11 %, respectively. The new cold spot, the consecutive cold spot, the intensifying cold spot, the sporadic 248 

cold spot, the oscillating cold spot, and the historical cold spot are not observed in the basin. The highest 249 

mean NDVI is observed in the intensifying hot spot region, while the lowest mean NDVI is observed in the 250 

persistent cold spot. 251 

From Fig. 4b, it can be seen that almost the whole basin shows the statistically significant upward trend 252 

of high-value aggregation of NDVI, indicating that no matter hot spots or cold spots, the vegetation coverage 253 

in these regions has increased in general during the period. 254 

4.4. Temporal trend of NDVI 255 

As presented in the foregoing, the NDVI in the basin has obvious spatial differences and temporal trends. 256 

The time-series data of the NDVI in the Jing River Basin from 1998 to 2018 are analyzed using the 257 

Mann-Kendall test. Fig.5 depicted the spatial distribution of NDVI changing trends and statistical 258 

significance.  259 



 260 

Fig. 5. Spatial distribution of the NDVI temporal trends. (a) trends of NDVI, (b) significance of trends 261 

As shown in Fig. 5a, the variation rate of NDVI in the Jing River Basin varies from -0.0171 to 0.0185 per 262 

year, the average variation rate is 0.0095 per year. There is no obvious spatial trend of variation rate shown in 263 

the basin. However, the distributions of high variation rate are in consistent with the distributions of high CV 264 

of NDVI. The largest increase is found at Guyuan and Kongtong, and the decreasing trend is found at Qindu. 265 

As can be seen from Fig. 5b, the trend of NDVI shows the significance of P <0.05 and P <0.01 at most of 266 

the basin, indicating that the increasing trend of vegetation coverage is significant. 267 

Table 3 268 

The NDVI temporal trend statistics of hot spot pattern and cold spot pattern in the Jing River Basin 269 

Pattern MIN MAX Range Mean STD 

New Hot Spot 0.0101  0.0117  0.0015  0.0110  0.0007  

Consecutive Hot Spot 0.0007  0.0169  0.0162  0.0111  0.0029  

Intensifying Hot Spot -0.0015  0.0185  0.0200  0.0085  0.0032  

Persistent Hot Spot -0.0053  0.0054  0.0107  0.0011  0.0028  

Diminishing Hot Spot -0.0095  0.0023  0.0118  -0.0046  0.0041  

Sporadic Hot Spot 0.0007  0.0143  0.0137  0.0097  0.0027  

Oscillating Hot Spot -0.0024  0.0184  0.0208  0.0108  0.0026  

Persistent Cold Spot 0.0029  0.0053  0.0024  0.0042  0.0006  

Diminishing Cold Spot 0.0017  0.0115  0.0098  0.0066  0.0019  

No Pattern Detected -0.0171  0.0171  0.0342  0.0103  0.0031  

 270 

The NDVI temporal trend statistics of each hot spot pattern and cold spot pattern are shown in Table 3. 271 

Among all patterns in the basin, only the diminishing hot spot has a negative mean trend of -0.0046, however, 272 



it just accounts for 0.22 % of the basin and will not impact the general increasing trend of the vegetation 273 

coverage. The government may need to pay more attention to the oscillating hot spot region and the no 274 

pattern detected region. These two regions area covers more than 60 % of the basin. In these two regions, the 275 

downward trend may stronger or weaker than the upward trend alternately, implying that the environment 276 

may unstable and would evolve in an uncertain direction. 277 

4.5. Relationships between NDVI and climate, anthropological activities 278 

According to previous similar studies results, the NDVI mainly affected by climate and anthropological 279 

activities (Zhang et al. 2018b, Jin et al. 2021). The relationship between the NDVI time series and the 280 

precipitation time series was analyzed using the Pearson correlation coefficient. 281 

 282 

Fig. 6. Spatial distribution of Pearson correlation analysis results in the Jing River Basin, (a) Pearson 283 

correlation coefficient, (b) strength of the association, (c) statistical confidence 284 

As shown in Fig.6, the Pearson correlation coefficient varies from -0.1121 to 0.8077 with an average of 285 

0.3863. The positive correlation mainly observed upstream of the basin. In the Loess Plateau, the lower the 286 

NDVI, the larger the correlation between NDVI and precipitation is, revealing that the growth of vegetation 287 

in this region is more dependent on the water supply from the precipitation. At the mid and downstream of 288 

the basin, the strength of the association is weak, showing that climate change may have limited impacts on 289 

the vegetation coverage there during the period. The statistical confidence data signify that the correlation 290 

analysis results are statistically significant at the mid and upstream basin but uncertain at part of the 291 

downstream basin. 292 

Land use and land cover change are the predominant anthropological activities that will change the 293 



vegetation coverage. Cultivated land, forest, grassland, and shrub are four major land cover that can reflect 294 

the regional vegetation coverage. Fig. 7 demonstrates the four major land cover transition happened in the 295 

basin from 2000 to 2020. The statistics of land cover transition are shown in Table 4. 296 

 297 

Fig. 7. Land cover transition happened in the Jing River Basin from 2000 to 2020 298 

 299 

Table 4 300 

Land cover transition statistics of the Jing River Basin 301 

Category in 2000  
Category proportion (%) Total in 

2000 Cultivated land Forest Grassland Shrubland Other 

Cultivated land 43.68  0.51  2.29  0.07  1.50  48.05  

Forest 0.36  14.23  1.28  0.15  0.02  16.04  

Grassland 2.54  1.65  29.12  0.35  0.12  33.77  

Shrubland 0.02  0.10  0.15  0.46  0.00  0.73  

Other 0.42  0.01  0.06  0.00  0.91  1.40  

Total in 2020 47.01  16.50  32.90  1.04  2.55  100.00  

 302 



 303 

Fig. 8. Land cover proportions of hot spot patterns in the Jing River Basin 304 

As can be seen in Fig. 7, forest and shrubland mainly transited at the downstream of the basin, cultivated 305 

mainly transited at the upstream of the basin, while grassland mainly transited at the mid and the upstream of 306 

the basin. During the period of 2000 to 2020, forest and shrubland has increased 0.46 % and 0.31 %, 307 

respectively. Cultivated land and grassland has decreased 1.04 % and 0.87 %, respectively. As shown in Fig. 308 

8, the primary mixed land cover patterns in diminishing hot spot, no pattern detected region, oscillating hot 309 

spot, intensifying hot spot are grassland-cultivated land, cultivated land-grassland, cultivated 310 

land-grassland-forest, forest-cultivated land-grassland, respectively. These transition patterns and the primary 311 

mixed land cover patterns can explain the spatiotemporal trend of NDVI analyzed foregoing. 312 

On the views above, the change characteristics and evolving path of NDVI in the Jing River Basin are 313 

clear and obvious. According to the previous studies, the vegetation change has improved the soil and water 314 

conservation situation. Moreover, the increased vegetation, especially the forest has a positive effect on 315 

promoting the capacity of carbon sequestration and oxygen release (Paustian 2014). However, it has also 316 

impacted the runoff of the Jing River and cause water utilization conflict in agricultural development (Zhang 317 

et al. 2021). The increased vegetation also consumes more water than ever and arise the problem of loss of 318 

soil moisture and the depletion of groundwater, the formed vicious circle feedback limits the vegetation 319 

growth. Therefore, it is better for the government to strengthen the monitor of the environment and the 320 

ecosystem from a global view, balance the relationship between social development the natural resource 321 

management, ensure the achievement of sustainable development goals. 322 

5. Conclusions 323 



In the present study, the NDVI, precipitation data of the Jing River Basin were collected, the emerging 324 

hot spot and cold spot patterns of NDVI were examined, the temporal trends, spatial distributions and 325 

changing patterns of the NDVI in the basin have been analyzed, the impacts on NDVI changes from climate, 326 

land cover change have been discussed. The conclusions can be summarized: 327 

(1) The spatial distribution characteristics of NDVI indicate that the NDVI in Jing River Basin shows a 328 

spatial trend of decreasing from northwest to southeast. The two wings of the basin had the highest value 329 

of NDVI. The NDVI in the north loess hilly region is the lowest.  330 

(2) The emerging hot spot analysis results show that diminishing cold spot, oscillating hot spot, intensifying 331 

hot spot are predominant patterns in the basin. The region of no pattern detected also covers a large area 332 

of the mid and upstream. The whole basin shows the statistically significant upward trend of high-value 333 

aggregation of NDVI, indicating that no matter hot spots or cold spots, the vegetation coverage in these 334 

regions has increased overall during the period.  335 

(3) The temporal trend of NDVI in the basin varies from-0.0171 to 0.0185 per year, the average variation rate 336 

is 0.0095 per year. No obvious spatial trend of variation rate was observed in the basin. The increasing 337 

trend of vegetation coverage in the basin is statistically significant.  338 

(4) The positive correlation between the NDVI and the precipitation mainly observed upstream of the basin. 339 

In the Loess Plateau, the lower the NDVI, the larger the correlation between NDVI and precipitation is, 340 

revealing that the growth of vegetation in this region is more dependent on the water supply from the 341 

precipitation. At the mid and downstream of the basin, the strength of the association is weak, showing 342 

that climate change may have limited impacts on the vegetation coverage there during the period. 343 

(5) Anthropological activities have been changing the land cover patterns in the Jing River Basin. During the 344 

period of 2000 to 2020, forest and shrubland has increased 0.46 % and 0.31 %, respectively. Cultivated 345 

land and grassland has decreased 1.04 % and 0.87 %, respectively. Land cover transition patterns and the 346 

land cover patterns also impact the spatial and temporal trends of the vegetation coverage in the basin.  347 

 348 
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Figures

Figure 1

Location map of the study area Note: The designations employed and the presentation of the material on
this map do not imply the expression of any opinion whatsoever on the part of Research Square
concerning the legal status of any country, territory, city or area or of its authorities, or concerning the
delimitation of its frontiers or boundaries. This map has been provided by the authors.

Figure 2



Spatial distribution of NDVI statistics in the Jing River Basin, (a) Mean of NDVI, (b) CV of NDVI Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.

Figure 3

The change curve of NDVI in the Jing River Basin, (a) annual NDVI and trend, (b) NDVI anomaly

Figure 4

Emerging hot spot patterns of NDVI in the Jing River Basin, (a) hot spot patterns, (b)hot spot trends Note:
The designations employed and the presentation of the material on this map do not imply the expression
of any opinion whatsoever on the part of Research Square concerning the legal status of any country,



territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.

Figure 5

Spatial distribution of the NDVI temporal trends. (a) trends of NDVI, (b) signi�cance of trends Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.



Figure 6

Spatial distribution of Pearson correlation analysis results in the Jing River Basin, (a) Pearson correlation
coe�cient, (b) strength of the association, (c) statistical con�dence Note: The designations employed
and the presentation of the material on this map do not imply the expression of any opinion whatsoever
on the part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.



Figure 7

Land cover transition happened in the Jing River Basin from 2000 to 2020 Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.

Figure 8

Land cover proportions of hot spot patterns in the Jing River Basin


