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Spatial-temporal patterns of net primary productivity and its response to
drought in Hulunbuir Grassland
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Abstract: [Objective] Hulunbuir Grassland is one of the most important ecological barriers and pastoral
production bases in China, and changes in its net primary productivity (NPP) have important implications for
ecosystem stability and sustainable development. [Method] A long-term NPP dataset for Hulunbuir Grassland
from 1981 to 2024 was reconstructed using a multiple linear regression model based on the MODIS NPP
product and multi-source datasets, including NOAA normalized difference vegetation index (NDVI),
precipitation, air temperature, solar radiation, and elevation. Sen’s slope estimator, Mann-Kendall test,
coefficient of variation, and standardized precipitation evapotranspiration index at a 12-month timescale (SPEI-
12) were employed to investigate the spatiotemporal dynamics of NPP and its response to drought. [Result]

The reconstructed models had high accuracy, with coefficients of determination (R*) of 0.92 and 0.93 for
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AVHRR-NDVI- and VIIRS-NDVI-based models, respectively. During 1981-2024, mean annual NPP of
Hulunbuir Grassland was 377.45 g*m2+a”' and exhibited a spatial pattern of increasing values from west to
east. Among different grassland types, mountain meadow had the highest NPP (440.79 g-m *-a™'), whereas
temperate steppe had the lowest (284.62 g-m+a '). NPP showed an overall declining trend, with an average
decreasing rate of 0.81 g'm+a”'. Mann-Kendall test indicated that 50.32% of the study area experienced a
significant decline (P<< 0.05), mainly distributed in the central and western temperate steppe regions. Since
2000, SPEI-12 values have generally decreased, indicating an increase in drought severity across the region.
Correlation analysis revealed a predominantly positive relationship between NPP and the previous year’s SPEI-
12. The proportions of significantly positive correlations (P<< 0.05) reached 52.82%, 64.23%, 60.08%, and
70.52% in temperate steppe, temperate meadow steppe, mountain meadow, and marsh meadow, respectively.
[Conclusion] These findings suggest that NPP in Hulunbuir Grassland has generally declined over the past 4
decades and is closely associated with regional drought variation. Moreover, different grassland types exhibit
distinct responses to changes in water availability, highlighting the need for grassland management strategies
that consider spatial heterogeneity. [Ch, 5 fig. 2 tab. 35 ref.]
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