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Climatic factors are themain drivers that change net primary productivity (NPP).

We chose the Yiluo River Basin as the study area to investigate the response of

NPP to climatic factors in the Yellow River’s middle reaches. The temporal and

spatial distribution of net primary productivity and the trend change of slope in

the basin from 2000 to 2020 are analyzed. In addition, we analyzed the

correlation between the NPP and climatic factors (precipitation and

temperature) and the time-lag effect. The results show that 1) the annual

average NPP in the basin is 556.4 gC/m2/a, the maximum value that

occurred in 2019. Most of the NPP’s mutation points in the basin’s forest

appeared in 2004, while the NPP’s mutation points in arable land mostly

appeared in 2008 and 2009. 2) The slope trend analysis result of NPP from

2000 to 2020 shows that the NPP in 67.88% of the basin shows a significant

increasing trend, 3.8% of the basin shows a significant decrease, and the other

area show no significant change. 3) The correlation analysis between NPP and

climatic factors shows a positive correlation between precipitation and NPP in

62.3% of the basin and a positive correlation between air temperature and NPP

in 62.5%. The response of NPP to precipitation and temperature in the basin has

different degrees of a time-lag effect. The NPP has a time-lag effect on

precipitation in 44.8% of the basin, and its mean lag time is 8 days. NPP has

a time-lag effect on temperature in 55.7% of the basin, and its mean lag time is

1 day. This study is beneficial to understanding the influence of climatic factor

change on vegetation activities in the Yiluo River Basin. Our study illustrates the

significance of time lag in analyzing the relationship between NPP and climatic

factors. Furthermore, it provides support for scientific vegetation regulation and

allocation, as well as adaptation to climate change in areas similar to the Loess

Plateau, based on the lag time distribution corresponding to different

vegetation types in different regions of the Yiluo River Basin. After that, these

areas’ water resources will be fully utilized by vegetation, and ecological

restoration could be accelerated.
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Introduction

Nowadays, promoting the ecological protection and high-

quality development of the Yellow River and protecting the

ecological environment of the Yellow River are top priorities

(Liu et al., 2021; Tang et al., 2021; Zhang et al., 2022). It is critical

to perform excellent soil and water conservation in the Loess

Plateau, as well as pay close attention to the changing trends and

impacts of vegetation ecology and climate in the basin (Zhang

et al., 2022). The Yiluo River Basin is located in the middle and

lower reaches of the Yellow River. As a critical model area of soil

and water conservation in the Loess Plateau, it occupies a crucial

position in the high-quality development of the Yellow River. So

far, many studies have analyzed the relationship between NPP

and climatic factors (Chen et al., 2017; He et al., 2018; Poungparn

et al., 2020). Many studies show that net primary productivity

(NPP) is an indicator of climatic factor change, and climatic

factors are important drivers of NPP (Wang et al., 2019; Ji et al.,

2020). NPP is essential for maintaining the ecosystem’s carbon

cycle and energy balance (Wang et al., 2017). The response

pattern of NPP to climate factors is different in different

regions (Li et al., 2020; Yuan et al., 2021). Precipitation has a

significant impact on NPP in most areas of the Yellow River

Basin in the middle reaches due to infrequent precipitation, soil

erosion, and other factors. Furthermore, we studied the delayed

response of NPP to climatic change in the Yiluo River Basin to

better understand the evolution of NPP in the Yellow River’s

middle reaches and its response to changes in climatic factors.

In general, there are three ways to obtain NPP data: The first

method is to calculate the NPP using model simulation. This

method applies to a large study area and unlimited study time,

but the numerical accuracy of the model simulation is relatively

low. People often choose the CASA model and the Thornthwaite

Memorial model to simulate NPP (Chen et al., 2017; Liu et al.,

2020; Li et al., 2021) (Zhang et al., 2019). The second method for

calculating NPP is based on measured vegetation data from the

study area (Zhan et al., 2018; Linger et al., 2020; Ge et al., 2021).

This method cannot obtain NPP data on a large-scale area due to

the study area and study time limitations, but the numerical

accuracy is relatively high. The third method is the reanalysis of

data. It obtains data from the NASA website’s Moderate

Resolution Imaging Spectrum (MODIS) Analyzer data (Gao

et al., 2017; Wang J. et al., 2017; Wang et al., 2021). The NPP

data obtained from this method compensate for the time and

regional scope limitations of measured data as well as the data

accuracy problem of model simulation calculation. As a result, in

this study, we decided to obtain NPP from reanalysis data.

Different reanalysis data have different resolutions, time

intervals, and time scales. We should select these data based

on the specific study demand. In some studies, people often

choose the MODIS series data to analyze the spatiotemporal

distribution of NPP in the basin and its response to climatic

factors (Liu et al., 2018). Furthermore, NPP product data are

frequently used to validate the accuracy of the model’s NPP

result, for instance, using MOD17A3 NPP data to validate the

NPP value estimated by the CASA model during the growing

period to determine whether the simulated data is reliable (Jiang

et al., 2020; Guo et al., 2021). In recent years, one of the critical

research hotspots has been the study of the impact of climatic

factors on NPP (Ngoma et al., 2019). The spatiotemporal

distribution of NPP and climate factors and their correlation

with climate factors are frequently studied in various study areas

(Sun and Du, 2017; Wang Z. et al., 2019; Yang et al., 2020).

Different vegetation distributions have different distribution laws

when analyzing the response of NPP to climatic factors (He et al.,

2018; Nanzad et al., 2021), and the impact of climatic factors on

NPP in some places has a certain time lag (Kuzyakov and

Gavrichkova, 2010; Kong et al., 2020). The time series of NPP

data can be reorganized to analyze the time lag of NPP response

to climatic factors (Zhang et al., 2017; Luo et al., 2018).

Currently, the Yellow River is in a critical period of

ecological protection and high-quality, sustainable

development. Therefore, by studying NPP’s response to

climatic factors in the Yiluo River Basin, we can gain a

better understanding of the relationship between vegetation

and climatic factors in the Yellow River’s middle reaches. In this

study, we chose NPP and climatic data from the years

2000–2020 for analysis and discussion. This study aims to

obtain 1) the temporal and spatial distribution of NPP in the

Yiluo River Basin and 2) the time-lag effect of net primary

productivity on climatic factor change. The research results

could reveal that the lag effect of net primary productivity due

to climate change in the Yiluo River Basin will provide some

reference value in managing environmental problems on the

Loess Plateau in the Yellow River’s middle reaches.

Data resource and research methods

Watershed introduction

The Yiluo River Basin is located at 33°33′–35°05′N and

109°35′–113°06′E. It flows through Henan and Shanxi

provinces, has a total length of 974 km, and an area of

18,881 km2. The Yiluo River Basin consists of the Yi River

Basin and the Luo River Basin, and the flow directions of the

two rivers are nearly parallel, as is typical for twin rivers. The

sources of the Yi River and the Luo River are in Luonan and

Luanchuan counties, respectively, and they meet in ZaoZhuang,

Yanshi City. The terrain distribution features are high in the

southwest and low in the northeast. The elevation distribution

of the Yiluo River Basin and its location in the Yellow River

Basin and Loess Plateau is shown in the figure (Figure 1). The

Yiluo River is the largest tributary of the middle Yellow River.

In the Yellow River’s middle and lower reaches, the Yiluo River

serves as an essential flood control system. It contributes to the
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control and distribution of water and sediment (Zhang et al.,

2021). The Yiluo River is distributed in the southeast part of the

Loess Plateau, and its lower plain is one of the largest plains in

the Loess Plateau. The Yiluo River Basin is situated in the region

that separates the warm temperate and subtropical climate

zones. Its climate characteristics are those of the warm-

tempered monsoon climate; cold and dry winter; and hot

and rainy summer. The average annual precipitation is

500–900 mm, and the average annual temperature is

12–14°C. During the growing season period, the average

accumulated temperature over the years is about 110°C

(Wang X. et al., 2019). The basin’s forest area increased by

107.6 km2 between 2000 and 2020, while the area of arable land

shrunk by 623.1 km2. The vegetation distribution of the Yiluo

River in 2020 is shown in Figure 2.

Data source and preprocessing

The MOD17A2HGF product of MODIS is used to obtain the

NPP data for the years 2000–2020. Its unit is KgC/m2/8 days, and

the scaling factor is 10−4. The spatial resolution is 500 m, and the

temporal resolution is 8 days. The distribution of multi-year

average NPP at various time scales in the watershed could be

obtained by converting the NPP data from the 8-day scale to the

monthly, growing-season, and annual scales using time-scale

FIGURE 1
Elevation distribution of the Yiluo River Basin and its location of the Yellow River Basin and Loess Plateau.

Frontiers in Earth Science frontiersin.org03

Tian et al. 10.3389/feart.2022.1017819

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2022.1017819


conversion (Wang J. et al., 2017). The climatic data are the daily

scale data of precipitation and temperature from

26 meteorological stations in the basin from 2000 to 2020

(Table 1).

Research methods

In this study, we analyzed NPP and climatic factors from

both time and space scales. On the time scale, the variation of the

basin’s average NPP over various time scales and the mutation

point were analyzed. The spatial distribution of NPP and the

trend of slope variation under different time scales were analyzed

on the spatial scale. The specific technical route is shown in

Figure 3.

Trend change analysis

The changing trend of NPP over time in the study area was

subjected to a slope analysis. According to the changing trend of

each pixel, the changes in different regions and the whole basin

were analyzed. The slope analysis results were tested for

significance by using the F-test, and the confidence range was

FIGURE 2
Distribution of land use types in Yiluo River Basin.

TABLE 1 Data resource.

Category Data Year Data resource Description

Vegetation index NPP 2000–2020 https://search.earthdata.nasa.gov/search With a resolution of 500 m/8 days

Meteorological
elements

Temperature 2000–2020 Resources and Environmental Sciences and Data Center (https://www.resdc.
cn/)

With a resolution of 500 m/1 day

Precipitation

Land use/cover Land use/cover 2020 Resources and Environmental Sciences and Data Center With a resolution of 1 km

Geographic data DEM 2020 Geospatial Data cloud (http://www.gscloud.cn/) With a resolution of 90 m
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selected as significant when p<0.05 (Zhang et al., 2016; Chen

et al., 2019). Therefore, when analyzing the multi-year change

trend of the NPP in the Yiluo River Basin from 2000 to 2020,

according to the increase and decrease of the changing trend and

whether it is significant, the changing trend can be divided into

four types: significant increase; significant decrease; no

significant increase; and no significant decrease.

The mutation point

The mutation point of each pixel was analyzed so that the

distribution characteristics on a time scale could be

comprehended when analyzing the multi-year change trend of

NPP. The mutation point of each pixel in the time series was

extracted based on the principle of a piecewise linear regression

model and multi-year NPP in the Yiluo River Basin from 2000 to

2020. Regression fitting was performed on the time series before

and after the mutation point, and the point where the sum of

squared residuals is the smallest is used as a possible mutation

point. Then, the NPP trend of the time series before and after the

possible mutation point was tested for significance. If significant,

the possible mutation point is the actual pixel mutation point.

The correlation analysis

We calculated the correlation coefficient between climatic

factors (precipitation and temperature) and NPP on a monthly

scale and performed the correlation analysis based on themethod

of Pearson’s correlation coefficient. The results of the correlation

analysis were tested for significance by using the F-test to prove

the existence of the correlation betweenNPP and climatic factors.

The time-lag effect analysis

Since the NPP is impacted by both current and historical

climatic factors, it is not just affected by climatic factors in the same

period. A time-lag effect analysis of net primary productivity under

climate change is required. We reorganized the time series of

climatic factors (Kong et al., 2020). First, we take the month as the

time scale and delay the time series by 1–3 months to form a new

monthly scale series of climatic factors. Based on this, we used

MATLAB to conduct a correlation analysis between the new

climatic factor time series and the net primary productivity.

The time corresponding to the maximum correlation coefficient

of each pixel is the lag time, which is determined by performing the

daily-scale lag time analysis after identifying the month with the

highest correlation.

Result and analysis

Temporal analysis

During 2000–2020, the spatial mean annual NPP in the Yiluo

River Basin showed an increasing trend, with a distribution range

FIGURE 3
Logical framework diagram.

Frontiers in Earth Science frontiersin.org05

Tian et al. 10.3389/feart.2022.1017819

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2022.1017819


of 436 to 705 gC/m2. The spatial mean of NPP in 2020 increased

by 236.4 gC/m2 compared with that in 2000, and the spatial mean

of NPP in the summer was higher than that in the autumn and

spring. The change in annual NPP after 2012 is more significant

than before (Figure 4).

The annual average NPP value in the basin’s pixel mutation

point was analyzed, and 60.7% of the area has no mutation point.

Most of the mutation points in the remaining 39.3% of the area,

which spans the years 2004–2015, occurred in 2004, 2007, 2008,

and 2009. The grid area with 2004 as the mutation point

comprised the largest portion of them, making up 16.3% of

the total area. Before and after the mutation point, the regional

change rate of NPP in the central and western regions of the basin

showed an increasing trend that slowed down. The NPP in the

central area of the basin changed the trend from decreasing to

increasing. According to a comparison of the NPP in the basin

before and after the mutation point, the area with an increasing

trend grows larger, and the area with a decreasing trend gets

smaller. Before the mutation point, the average NPP slope of the

basin was 11.4; after the mutation point, the average NPP slope of

the basin was 4.2. The distribution of mutation points in the

basin and the change rate before and after mutation points are

shown in Figure 5; Figure 6.

Spatial analysis

On the year scale, the multi-year average NPP in the basin

gradually decreases from south to north and from west to east. The

NPP ranges from 0 to 1065 gC/m2, with an annual mean of 556.4 gC/

m2. TheNPP in 92.9% of the basins showed an increasing trend during

the study period, and 67.9% of the basins showed a significant

increasing trend. The land use type in the high NPP-value area of

the basin is mainly forest, and the land use type in the low-value area is

mainly arable land and artificial surfaces. During the growing season,

the NPP in the basin accounts for about 75% of the annual NPP. The

area with a significant increase trend in the study time range accounted

for 47.3%. In the multi-year NPP distribution of the basin at different

time scales, the southern region is always has a high NPP value.

According to the multi-year NPP distribution of the basin on a

seasonal scale, the value of NPP in the summer is significantly

higher than that in the spring and autumn. This phenomenon is

due to the vigorous vegetation activity in summer, especially in the

forest vegetation distribution area in the southwest, which is the most

obvious. Significant increases in NPP occurred in the spring, summer,

and autumn in 25.7%, 25.3%, and 23.0% of the country, respectively.

(Figure 7). The percentage of the area with different trends of NPP

variations in the basin under different time scales is shown in Table.2.

FIGURE 4
Change trend of spatial mean of NPP at different time scales.
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Analysis of the time-lag effect of net
primary productivity on climatic factors

First, we analyzed the correlation between monthly scale

NPP and contemporaneous climatic factors, and its result is

shown in Figure 8. The correlation coefficients of each pixel

passed the significance test. The correlation coefficients between

NPP and contemporaneous precipitation range from −0.2 to 0.7,

and there is a positive correlation in 58% of the areas. They are

mainly distributed in the eastern part of the basin, and most of

the land use type in this region is arable land. Moreover, in the

basin’s upper reaches, the correlation coefficients between NPP

FIGURE 5
Distribution of NPP’s mutation points in the basin.

FIGURE 6
NPP’s change rate before (A) and after (B) mutation points.
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FIGURE 7
Multi-year average spatial distribution (A) and slope trend analysis (B) of NPP at different time scales (1: annual scale; 2: growing season period;
3: spring; 4: summer; 5: autumn) in the watershed.
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and the contemporaneous temperature range from 0 to 0.9, so

there is a positive correlation between NPP and temperature in

the basin. There is an extremely significant positive correlation in

the eastern part of the basin, and the correlation was stronger in

arable land than in forest.

Since the distribution of NPP is more evident during the

growing season period, the correlation of NPP with climatic

factors is stronger. The results of the correlation analysis showed

that during the growing season period, the correlation coefficient

between NPP and precipitation ranges from −0.4 to 0.5 and the

correlation coefficient between NPP and temperature ranges

from −0.7 to 0.7, and the results of the correlation analysis all

passed the significance test.

In the precipitation process, water infiltration’s effect on

vegetation is not immediate (Chen et al., 2014; A et al., 2016).

Moreover, the NPP is affected not only by climatic factors of the

same period but also by those of the previous period, so the

response of the NPP to precipitation and temperature has a time-

lag effect. First, the climatic factors were respectively deferred for

1–3 months from the current time. The correlation between NPP

and climatic factors after time series recombination was analyzed

to determine the lag time range.

The correlation analysis was conducted between climatic

factors after time series adjustment and the NPP of the

corresponding month. The spatial distribution of the

correlation coefficient at different delay times is shown in

Figure 9, and the area proportions of different correlation

degrees in the basin are shown in Table 3 and Table 4. As

previously mentioned, the correlation between NPP and climatic

factors is strongest in the current month, followed by 1 month.

Therefore, the lag time range of precipitation and temperature in

the basin is determined to be 0–1 month.

Then, we respectively delayed the time series of temperature

and precipitation by 1–31 days to reconstruct the new time series.

The correlation between NPP and climatic factors (precipitation

and temperature) in the new time series was analyzed, and the

number of days when the correlation coefficient was at its

maximum is the corresponding lag time. The lag time of each

pixel in the basin is shown in Figure 10. NPP has a time-lag effect

on precipitation in 44.8% of the basin, and its mean lag time is

8 days. The maximum lag time of the NPP response to

precipitation is 29 days. Among the areas with a time-lag

effect, the area with a lag time of 4 days accounts for the

largest area at 24.5%. The area where NPP has a time-lag

effect on precipitation is mainly distributed near the Yi River

and the Luo River’s lower reaches. Moreover, there is no time-lag

effect of the NPP response to precipitation in 55.2% of the basin.

NPP has a time-lag effect on temperature in 55.7% of the basin,

TABLE 2 Proportion of the variation trend area of NPP with different degrees on different time scales.

Trends Year Growth period Spring Summer Autumn

Significant increase 67.88 47.33 25.59 25.29 23.21

No significant increase 25.03 41.74 64.25 66.92 64.25

Significant decrease 3.84 3.50 0.48 0.78 2.86

No significant decrease 3.24 7.42 9.68 7.01 9.68

FIGURE 8
Spatial distribution of correlation coefficients between NPP and precipitation (A) and temperature (B) over the same period.
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FIGURE 9
Spatial distribution of correlation coefficients between NPP and precipitation (A) and air temperature (B) with different lag times (1 month and
2 and 3 months). (A1–B3) part labels represent the delayed months, (A) and (B) respectively represent precipitation and temperature.

TABLE 3 Proportion of watershed area with different correlation degree between NPP and precipitation under different lag time (%).

Relevance (NPP/PRE) 0 month 1 month 2 months 3 months

Significantly negative correlation 0 0 0 0.044

Low degree negative correlation 0 0.045 0 28.108

Weak negative correlation 42.412 42.373 54.140 71.848

Weak positive correlation 0.007 0.418 22.101 0

Low degree positive correlation 1.511 9.592 23.760 0

Significantly positive correlation 56.071 47.571 0 0
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and its mean lag time is 1 day. The maximum lag time of the NPP

response to temperature is 11 days. Among the areas with time-

lag effects, the area with a lag time of 1 day accounts for the

largest area of 55.7%. The area where NPP has a time-lag effect on

temperature is also mainly distributed near the Yi River and the

Luo River’s lower reaches. Moreover, there is no time-lag effect

on the NPP response to temperature in 44.3% of the basin

(Figure 11). Most importantly, in the majority of areas where

NPP exhibits a lag in response to climatic factors, NPP exhibits a

greater lag in response to precipitation than to temperature.

TABLE 4 Proportion of watershed area with different correlation degree between NPP and temperature under different lag time (%).

Relevance (NPP/TEM) 0 months 1 month 2 months 3 months

Significantly negative correlation 0 0 0 0.584

Low degree negative correlation 0 0 0 9.493

Weak negative correlation 0 0 46.655 89.870

Weak positive correlation 42.261 42.261 3.954 0.053

Low degree positive correlation 0 1.643 38.550 0

Significantly positive correlation 5.006 35.665 10.841 0

Extremely significant positive correlation 52.734 20.431 0 0

FIGURE 10
Lag time of NPP responses to precipitation (A) and air temperature (B) in the basin.

FIGURE 11
Proportion of NPP to precipitation (A) and temperature (B) with different lag times in the watershed area (%).
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Multiple regression analysis

Both precipitation and temperature have different degrees of

influence on the net primary productivity in the basin. To

determine the extent to which various climatic factors have an

impact on net primary productivity, a long-term pixel-by-pixel

multiple regression analysis of NPP with precipitation and

temperature was conducted. The regression coefficients of

precipitation and temperature were obtained, and they both

passed the significance test with a confidence level of 0.05.

The climatic factor with the highest significance value is the

main thing that affects each pixel’s NPP.

According to Figure 12, the area where precipitation was the

dominant factor of NPP accounted for 43.2% of the basin area. As

for the temperature, it accounted for 23.6%. The other area was

probably influenced by human activity (Yan et al., 2021).

Discussion

Temporal change and time lag of net
primary productivity

Since the 1950s, the Yiluo River Basin’s ecological issues have

gotten worse as a result of changes in land use patterns,

vegetation cover, and effects of human activity (Liu et al.,

2009; Yan et al., 2016; Li et al., 2022). Furthermore, the plain

of the lower reaches of the basin is one of the most extensive

plains of the Loess Plateau. It once experienced significant soil

erosion issues. Therefore, in recent years, the ecological

restoration of the basin has been carried out by planting

artificial forest species and returning the grain plots to

forestry (Wang et al., 2019). The ecological issues in the basin,

like soil erosion, have somewhat improved as a result of the

ecological restoration work in recent years. In the distribution of

land use types in 2000, the proportion of forest area was 46.0%

and the proportion of arable land was 40.8% of the area. In 2020,

the proportion of forest area of land use types in the basin was the

highest, reaching 46.5%. Arable land was the second,

reaching 37.5%.

The decrease in arable land and increase in the forest caused

the spatial mean of NPP in the basin to increase over the study

period, and the change in land use type is also the primary cause

of the variation of NPP in each pixel. The NPP also showed an

increasing trend within the growing season period for many

years; NPP in this period occupied the central part of the annual

NPP, and it indicates that vegetation activity in the growing

season period is stronger than at other times. The annual

distribution of NPP shows high values in the summer and

low values in the winter. Because the summer climate

conditions are favorable for vegetation growth, the net

primary productivity shows a higher value distribution in the

FIGURE 12
Factor that has a greater impact on NPP in each pixel in the basin.
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summer on a seasonal scale. During 2000–2020, there were

mutation points in the change process of the annual mean

NPP in the basin, and the time of mutation in the region with

mutation points was mainly before 2010.

Vegetation activity is a continuous process, and the response

of NPP to precipitation and temperature is not instantaneous

(Ding et al., 2020). The effects of infiltration of precipitation and

temperature changes on the net primary productivity may have

different time lags according to different vegetation

characteristics (Wu et al., 2015; A et al., 2016). According to

related research, the reason for the time lag in precipitation on

NPP is that during the rainy season, there is less water available

for vegetation to grow in a short period of time than what is

currently falling, so the extra water is stored in the soil for later

vegetation growth (Zhao et al., 2020). According to the analysis of

the lag effect betweenNPP and climatic factors (precipitation and

temperature) after the reconstructed time series, we can obtain

the lag time distribution of NPP for climate factors in each region

of the basin. The lag effect of the NPP response to precipitation

reflects the length of time between the occurrence of precipitation

and the arrival of water at the plant roots (Jobbagy et al., 2002).

The NPP has a time-lag effect on precipitation in 44.8% of the

basin, and its mean lag time is 8 days; these areas with a lag effect

are mainly distributed in the northeastern and southeastern parts

of the basin. There is almost no water infiltration in these areas

due to the loess characteristics (Kong et al., 2018). There is no

time-lag effect of the NPP response to precipitation in 55.2% of

the basin, and the land use type of these areas is mainly forest.

The difference in the time lag of precipitation among different

vegetation types is due to the difference in vegetation density. The

lag of NPP on precipitation is weak or even nonexistent in the

forest area, whereas it is evident in arable land. Because the higher

vegetation density accelerates water infiltration in the forest, the

response of the NPP to precipitation has little lag. The lag of NPP

response to temperature is related to soil temperature, organic

matter decomposition, and nutrient availability (Braswell et al.,

1997). The NPP has a time-lag effect on temperature in 55.7% of

the basin, and its mean lag time is 1 day; these areas with a lag

effect are mainly distributed in the eastern part of the basin.

There is no time-lag effect in the NPP response to temperature in

55.2% of the basin. In the areas where the response of NPP to

climatic factors (precipitation and temperature) is lagged, the lag

of NPP to precipitation is stronger.

Effects of climatic factors on the spatial
change of net primary productivity

The spatial distribution pattern of precipitation in our

country is more concentrated in the south and east and less

in the north and west. Moreover, the spatial distribution pattern

in the Yiluo River basin is the same. The main vegetation

distribution in the western and central areas is forest, and the

primary vegetation type in the eastern basin is arable land. Due to

the higher species diversity and coverage of forest vegetation, the

NPP of the forest-covered area in the western part of the basin is

higher than that of the cultivated area in the eastern part.

Moreover, at different times, the areas with increasing NPP

made up about 90% of the basin.

The distribution of land use types from 2000 to 2020 shows

that the majority of land use types in the NPP reduction area have

shifted from forest to the current artificial surface (Yan et al.,

2021). The land use types corresponding to NPP from high to low

were forest, grassland, arable land, bare land, artificial surface,

and water wetland. It indicates that the NPP in the area with good

vegetation status usually shows an increasing trend, and the NPP

in the area with poor vegetation status, such as an artificial

surface, usually shows a decreasing trend.

Temperature and precipitation are essential for affecting

factors of NPP in the Yiluo River Basin. We respectively

compared the multiple regression coefficients of NPP with

temperature and precipitation. There are more areas in the

basin where precipitation is the main influencing factor than

where the temperature is the main influencing factor. It means

that the mean NPP of the basin is more affected by the

precipitation. The correlation between the monthly NPP and

precipitation in the basin shows a negative correlation in the

western region, which is dominated by forest vegetation.

Moreover, the correlation between the monthly NPP and

temperature in the basin shows a positive correlation in the

eastern region, which is dominated by arable land vegetation

types. It could be indicated that the precipitation in the forest has

a certain negative effect on the NPP. In contrast, the precipitation

on arable land has a positive effect on the NPP.

Conclusion

Climate variables play a significant role in net primary

productivity. The effect of temperature on NPP is greater than

that of precipitation. During the study time frame, the NPP

showed an increasing trend. In comparison to 2000, the NPP

increased by 236.2 gC/m2/a in 2020. The NPP showed a high

value in the western area of the basin and a low value in the

eastern area. The annual average NPP was 556.3 gC/m2 from

2000 to 2020. Only themiddle area of the eastern part of the basin

displays a decreasing trend, making up about 90% of the area

where the NPP at various time scales in the basin exhibits an

increasing trend. The temperature conditions have a positive

effect on vegetation in the basin, while precipitation has a

negative effect on most forests in the basin and a positive

effect on arable land. The area of NPP with a time-lag effect

response to climate factors accounted for nearly half of the basin.

NPP has a time-lag effect on precipitation in 44.8% of the basin,

and its mean lag time is 8 days. It is mainly distributed in the

northeastern and southeastern parts of the basin. The NPP has a
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time-lag effect on temperature in 55.7% of the basin, and its mean

lag time is 1 day, mainly distributed in the eastern area. The time-

lag effect of NPP response to climatic factors in the arable land is

stronger than that in the forest, and the time-lag effect of NPP

response to precipitation is stronger than that of temperature.

Based on the analysis of the time-lag effect of NPP on climatic

factors in the basin, we can better understand the response of

vegetation activities to climatic factors, and we can try to reduce

the time-lag effect of NPP response to climatic factors by

increasing vegetation density. It allows the water in the Yiluo

River Basin to be used efficiently and reduces soil erosion.

Additionally, as an important component of the Yellow River

basin, its ecological protection and development have received

much attention. Thus, it has some reference value for the Yellow

River basin and the Loess Plateau’s management of ecological

issues.
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