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Abstract 

The water and vegetation management over East and South Asia (ESA) is a key 

challenge for sustaining about a third of the global population. Even though the 

vegetation has been greening in ESA since 1980s, the food security crisis cannot be 

ignored due to the precipitation decline in mid-latitudes of ESA under changing climate. 

Therefore, it is necessary to explore the mechanisms of climate variability affecting 

regional precipitation and vegetation activity, and to project future vegetation 

conditions. In this study, the spatiotemporal variations in vegetation were characterized 

using the satellite-based Normalized Difference Vegetation Index (NDVI). Over the 

past 40 years (1981–2019), a significant increase in vegetation cover over ESA has 

occurred, especially in South China and the Indian subcontinent. Vegetation growth is 

highly related to the precipitation and temperature variability. Regarding precipitation 

changes, South China showed a decreasing trend, whereas the Indian subcontinent 

showed an increasing trend during 1981–2019. Both South China and the Indian 

subcontinent have experienced warming temperatures during the past four decades. 

South China is an energy-limited region, and vegetation growth over this region is more 

likely to be restricted by temperature. Therefore, South China showed vegetation 

greening due to more available energy although it experienced a precipitation decline. 

On the contrary, the Indian subcontinent is a water-limited region, where vegetation is 

mainly restricted by water supply. More precipitation promotes vegetation growth in 

the Indian subcontinent.  



The vegetation greening over South China and Indian subcontinent could be explained 

by the combined effects of local water and energy dynamics associated with Pacific 

Ocean indices and pressure indices related to Asian jet stream in the midlatitude, i.e., 

the El Niño Southern Oscillation (ENSO), the North Sea Caspian Pattern (NCP), the 

Silk Road Pattern (SRP), and the North Atlantic Oscillation (NAO). Positive phases of 

the ENSO, the NAO and the NCP lead to more precipitation over South China via the 

weakening of Asian monsoons, enhancing local deep convections and promoting the 

southward position of Asian westerly jet (AWJ), while cause a high pressure anomalies 

over Indian subcontinent, thereby leading to less precipitation. During the positive 

phase of the SRP, the AWJ will be positioned northward, thereby leading to less 

precipitation over South China. Moreover, the positive phases of the SRP strengthen 

the Asian monsoons and enhance local deep convections, thereby causing a low-

pressure center in the Indian subcontinent and thus more precipitation.  

Based on the established relationships between vegetation and large-scale Pacific 

Ocean indices/pressure indices, climate model outputs were used to generate NDVI 

projections over South China under two representative concentration pathways. The 

NDVI projections showed a 0–10% decrease in vegetation cover during both the 2050s 

and the 2080s over South China. These results revealed a potential increase in 

desertification risk in South China in response to climate variability. This study 

provides knowledge of the regional vegetation and water dynamics conditioned by 

large-scale ocean-atmosphere oscillations. This has major implications for regional 

water and food security as well as climate change adaptation efforts. 


