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Analysis of time lag relationships between climate factors and vegetation on the Loess Plateau

WANG Shiwei', WU Wei’
(1. Department of Ecology, Culture and Tourism, Hubei University of Automobile Technology, Shiyan 442002, Hubei, China;

2. State Key Laboratory of Water Resources and Hydro Power Engineering Science, Wuhan University, Wuhan 430072, Hubei, China)
Abstract: Against a backdrop of ongoing global climate change, investigating the response of vegetation to climatic factors
is of particular practical importance with respect to the preservation of regional ecological services and the judicious
utilization of water and soil resources. However, whereas previous studies have focused predominantly on the concurrent
interplay between meteorological factors and vegetation indices at a regional scale, few have taken into consideration the
effects of the temporal lag between vegetation and meteorological factors. In this study, we used a MODND1T/normalized
difference vegetation index (NDVI) time series, along with temperature and precipitation datasets, to examine the temporal
lag effects of different climatic factors on vegetation distributed across the Loess Plateau. In addition to identifying the
primary climate-driven factors for distinct vegetation types, we established multivariate linear regression and partial
correlation models. We accordingly found that with respect to climate change, different vegetation types and regions across
the Loess Plateau are characterized by differing response patterns and temporal lag effects. After accounting for temporal lag
effects, we established that climatic factors can explain 58.2% of the observed variation in vegetative growth on the Loess
Plateau. Compared with models that do not factor in temporal lag effects, this represents a 10% increase in explanatory

power. Furthermore, for regions on the Loess Plateau with significant trends in MODNDIT/NDVI between 2000 and 2018
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(P <0.05), we identified temperature as the primary driving factor.

Keywords: the driving mechanisms of climate change; time series analysis; precipitation; temperature; standardized

precipitation evapotranspiration index; time lag effect
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Figure 2 Analysis of the spatial distribution pattern of time lag between the NDVI and precipitation,

temperature, and SPEI on the Loess Plateau

NDVI: JH—{biE#i 6%, SPEL: bruifb PRk & B8 8. NEIF.

NDVI: normalized differece vegetation index; SPEI: standardized precipitation evapotranspiration index. This is applicable for the following figures as

well.
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for different vegetation types on the Loess Plateau
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Figure 4 Spatial distribution of the coefficient of
determination for the multiple linear regression model
between vegetation and climate factors on the Loess Plateau
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Variation in the coefficient of determination (Rz), with and without
accounting for the time lag effect, reflects changes in the response of
vegetation to climatic conditions.
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Figure 5 Partial correlation between NDVI and precipitation, temperature, and SPEI on the Loess Plateau from 2000 to 2018,
and an RGB composite map of the different partial correlation coefficients
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Figure 6 Spatial distribution pattern of NDVI trends (A) and significant climate factor changes (B)
on the Loess Plateau from 2000 to 2018
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