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Abstract 

 

Clarifying the influence of precipitation on the spatial variation in 

aboveground net primary productivity (ANPP) will advance our 

understanding of how vegetation responds to climate change. In this study, 

based on field measurements of ANPP, we investigated the effect of mean 

annual precipitation (MAP) and precipitation seasonal distribution (PSD) on 

the spatial ANPP along a precipitation gradient in Inner Mongolia temperate 

grassland. Results indicated that, ANPP was positively correlated with MAP 

and increased exponentially with increasing MAP, and MAP accounted for 

67% of the spatial variation in ANPP; ANPP was positively correlated with 

PSD and increased linearly with increasing PSD, and PSD explained 61% of 

the spatial variation in ANPP. The results indicated that, in arid and semiarid 

grassland, more concentrated precipitation distribution would favor higher 

ANPP at the spatial scale. The findings also suggest the action of distinct 

mechanisms in controlling the responses of ANPP to altered precipitation 

distribution at spatial and temporal scales in arid and semiarid grassland. 
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Introduction 

Climate models suggest a higher frequency of extreme precipitation events, a lower 

frequency of precipitation days, and longer intervening day periods [1]. There is 
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evidence is that these variations in precipitation pattern have begun to occur around 

the world [2]. Such changes have greater impacts on various processes of vegetation 

ecosystems [3]. Among vegetation ecosystems, grassland is one of the most sensitive 

ecosystems to these altered precipitation patterns [4]. As one of the key processes of 

grassland, aboveground net primary production (ANPP) strongly influences most 

ecosystem structure and functioning. It is also of great importance in controlling water 

cycles and carbon flux. Thus, examining the effect of precipitation on the spatial 

ANPP for grassland is useful for predicting the effect of climate change on vegetation 

productivity of grassland ecosystems. 

The grassland in China covers nearly 40% of the country land cover. It has important 

implications for climate change research and livestock production. In the study, based 

on ANPP from field observation in 28 sites, we explored the spatial relationship 

between precipitation and ANPP of grassland along a precipitation gradient in Inner 

Mongolia, which covers most of temperate grassland in China. Specifically, we 

attempted to answer two questions: (1) Do mean annual precipitation (MAP) affect 

the spatial ANPP? (2) Do precipitation seasonal distribution (PSD) affect the spatial 

ANPP? If so, whether the effect is positive or negative? 

 

Materials and Methods 

Study area: 

The study area is the temperate grassland in Inner Mongolia, China. From east to west, 

MAP decreases from 500 mm to 100 mm, 70-80% of which occurs during the 

growing season. Mean annual temperature varied from -3 to 9℃ with minimum mean 

monthly temperatures in January and maximum temperatures in July. The soils are 

chernozems, chestnut, calcic brown and desert soil from east to west. With decreasing 

precipitation, the study area includes three zonal grassland vegetation types, namely 

meadow steppe, typical steppe, and desert steppe. 

 

Data sources: 

In the study, ANPP was estimated as the peak aboveground standing biomass during 

the growing season. We collected ANPP data on a total of 28 zonal sites from 

previous works [5-6] and database (www. grasssland. net. cn). These sites were 

fenced to prevent human activities. The average duration of these collected data was 

about 13 years. The station-based precipitation data were collected from the Chinese 

National Bureau of Meteorology. Then these data was interpolated and derived 

spatially continuous annual and monthly precipitation. 
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Data analysis: 

The PSD [7] was used as the measure of the evenness of monthly precipitation 

distribution from May to August. The coefficient of variance for monthly precipitation 

(CVmp) was used to measure the precipitation seasonal distribution [7]: 
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where 
iM  is precipitation of month i (i from May to August), and M  is mean 

precipitation of four months. 

 

 

Results 

Influence of MAP on spatial ANPP: 

Based on the long-term ANPP measurements from the 28 sites, we conducted 

regression analysis to evaluate the influence of MAP on the spatial variation of ANPP 

in the temperate grassland of Inner Mongolia. As shown in Figure 1, ANPP was 

positively correlated with MAP, and increased exponentially with increasing MAP 

(ANPP = 13. 74e0. 007MAP, R2 = 0. 67, P < 0. 001). The MAP could account for 67% of 

the spatial variation in ANPP across the temperate grassland. The slope of the 

regression increased with the increase of MAP, suggesting that grassland ecosystem in 

wetter area may use precipitation more efficiently. 

 

 
 

Figure 1: Relationship between ANPP and MAP at the spatial scale. 
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Influence of PSD on spatial ANPP: 

Based on the long-term ANPP measurements at the 28 sites, we conducted regression 

analysis to evaluate the influence of PSD on the spatial variation in ANPP of the 

temperate grassland in Inner Mongolia. As shown in Figure 2, ANPP was positively 

correlated with CVmp, and increased linearly with increasing CVmp (ANPP = 2224. 

65CVmp – 1131. 57, R2 = 0. 61, P < 0. 001). The PSD could accounted for 61% of the 

variations in ANPP across the temperate grassland. The linear relationship suggested a 

constant sensitivity of ANPP to CVmp as grassland vegetation shift from desert steppe 

to meadow steppe along the precipitation gradient. In addition, although an 

exponential regression could also be employed to fit the CVmp—ANPP relationship in 

the grassland (P < 0. 001), but the R2 (0. 55) was obviously lower than that of the 

linear regression. We also noted that there were considerable variations of the monthly 

precipitation (Figure 2, CVmp > 0. 5) during the growing season in our study area. 

This suggested that precipitation was highly concentrated during the growing season 

across the temperate grassland. 

 

 

 

Figure 2: Relationship between ANPP and CVmp at the spatial scale. 

 

 

Discussion 

Significant positive effect of PSD on the spatial ANPP was found in Inner Mongolia 

temperate grassland (Figure 2), implying that more concentrated PSD during the 

growing season could favor higher ANPP in arid and semiarid grasslands. The result 

is consistent with the results of that environmentally controlled field scale studies[8]. 

The arid and semiarid grasslands are characterized by chronically low soil water 
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availability. Concentrated precipitation distribution may change the deeper soil 

profiles, lower the water loss by soil evaporation, improve the water conditions during 

the growing season and result in improved ANPP [8]. 

Our result is also consistent with the result of Guo et al. [7], in which PSD had a 

positive effect on the spatial ANPP in the temperate grassland. Nevertheless, the work 

in Guo et al. [7] showed an exponential relationship between PSD and ANPP, running 

counter to the linear relationship in our study. By comparing these results, one can 

conclude that PSD ranges involved in each work are different. In our study showing 

linear increased ANPP with PSD, the CVmp was typically more than 0. 5 during the 

growing season. Meanwhile, in the study of Guo et al. [7] showing exponential 

increased ANPP with PSD, the CVmp was typically less than 0. 5 during the growing 

season. 

In this study, MAP accounted for 67% of the spatial variations in ANPP (Figure 1), 

suggesting a slightly more prominent effect on the spatial ANPP than PSD (61%, 

Figure 2) for the temperate grassland. This may be due to the low annual precipitation 

in the temperate grassland (mostly lower than 500 mm). In addition, the contribution 

of PSD and MAP for the spatial ANPP variation may be different for the different 

grassland types (e. g., desert steppe, typical steppe, and meadow steppe) due to 

different plant functional types. These may have important implications regarding 

precipitation use strategy in grasslands. 

 

Conclusions 

In this study, we quantified the effect of precipitation on the spatial variation in ANPP 

of Inner Mongolia temperate grassland. We concluded that more concentrated 

precipitation distribution during the growing season would favor higher ANPP in our 

study area. PSD explained 61% of the spatial ANPP for the Inner Mongolia grassland. 

This implies that changes in seasonal distribution of precipitation in our study area 

would cause commensurate consequences as annual precipitation (MAP explained 

67% of the spatial ANPP). 
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