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Both urbanization and elevation constrict forest greening in the 
Pearl River Delta, China
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Backgroud and aims

ü Environmental 
gradients of build-up 
areas in urban 
domains and suburban 
regions as well as of 
topography in rural and 
natural regions can 
affect and shape the 
behavior of forest 
growth in various 
ways. 

ü However, our 
understanding of the 
combined impacts of 
both urbanization and 
elevation on forest 
greening based on 
spatial variation of 
local climate zone 
(LCZ) is limited. A 
more in-depth 
investigation and 
evaluation hence is 
needed. 

The Pearl River Delta (PRD) region is one of 
the most urbanized mega-urban areas in the 
world. With a total area of 55,374.79 km2 

surrounding the estuary of Pearl River, the PRD 
region is located in the southeast coast of China 
(115.40°E–111.35°E, 24.40°N–21.56°N) 
with subtropical climate characters (Fig. 1a).

Fig. 1. (a) Location, boundaries, and spatial elevation patterns, (b) Distance gradients from LCZ 1 compact high-rise, and (c) Local climate zone (LCZ) in the Pearl River Delta.
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Fig. 2. Distance-gradient areas of built-up types (LCZ 1-10), forests, and elevations for the entire Pearl River Delta. The dashed grey lines represent distances of 2,000 and 5,000. 

Method

ü In this study, we tested the spatial variations
and temporal changes of satellite-derived time-
series greenness of forested regions,
combined with LCZ and digital elevation model
(DEM) in subtropical highly urbanized Pearl
River Delta region for the period of 2000–2019.

ü Average values and inter-annual trends were
analyzed for time-series forest greenness in
order to clarify the variation of these spatial
and temporal values with distances to patterns
from urban centers (LCZ 1: Compact and high-
rise) between 0–55,250 meter and with
elevation ranging from 0 to 1,556 meter above
sea level.

Builtïup types and elevations
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Results

ü It is found that the average value of peak greenness is lower in urban domains (< 2,000
meters from urban centers) than in suburban (between 2,000–5,000 meters from urban
centers) and rural (> 5,000 meters from urban centers). The average value is also
lower at high elevations than at low elevations in rural regions.

ü Also, the forest peak greenness in urban domains shows a more slanted inter-annual
increasing trend than in suburban and rural regions. Moreover, drastic volatility in inter-
annual dynamics are more pronounced at forested areas adjoining compact and high-
rise LCZ types than that adjoining open, mid- and lower-rise LCZ types.

ü The effects of built-up LCZ types on forest greenness are stronger in strength but less
in magnitude than effects of elevation in urban and suburban regions. However, the
situation is vice-versa in strength but same in magnitude in rural regions, with the
effects of elevation on forest greening in rural regions are more pronounced than the
built-up LCZ types.
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Conclusions

ü We conclude that both urbanization and
topography affect forest greening, and
these effects are especially pronounced
in urban domains and rural high-elevation
zones.

ü The results suggest that forest
ecosystems adjoining urban areas at low
elevation below 200 meters above sea
level and at high elevation above 1,000
meters above sea level are especially
sensitive to the variation of environmental
factors and projected climate change
scenarios in the Pearl River Delta region.

Fig. 3. Spatial patterns of values on land-
surface greening metrics, i.e., (a) average
values and (b) interannual trends of
NDVIpeak, and (c) average values and (d)
interannual trends of EVIpeak, derived from
vegetation index (NDVI and EVI) of
forests (Dense trees and Scattered trees) in
the Pearl River Delta.

Fig. 4. LCZ-dependent land surface
greening metrics, i.e., (a) average values
and (b) interannual trends of NDVIpeak and
EVIpeak, and elevation-dependent land
surface greening metrics, i.e., (c) average
values and (d) interannual trends of
NDVIpeak and EVIpeak of forests (Dense
trees and Scattered trees) in the Pearl
River Delta.

(a) LCZïdependent forest greenning
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(b) LCZïdependent trends of NDVIpeak
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(c) Elevationïdependent forest greening
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(d) Elevationïdependent trends of NDVIpeak
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