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Background

➢ Indicators describing land surface vegetation coverage

➢ Reflects the change of land surface ecological environment quality

Vegetation

Vegetation greenness is an index used to describe the land surface

vegetation coverage, which directly reflects the change of inland

surface vegetation in a certain spatial and temporal range, and

indirectly reflects the change of land surface ecological environment

quality.

Vegetation 

Greenness

Leaf Area Index (LAI)

Normalized Differential Vegetation Index (NDVI)

Enhanced Vegetation Index (EVI)

Photochemical Reflectance Index (PRI)

Sun/Solar-induced Chlorophyll Fluorescence (SIF)

……



➢ Under the influence of climate change (climate warming, precipitation increasing) and

human activities (forestry protection projects, green food projects, CO2 fertilization), vegetation

greening in China is significant

➢ In arid and semi-arid areas, the increase of vegetation greenness may lead to water demand conflicts

What is the impact of greening on water yield in humid areas?

Background



Variation of Vegetation Greenness

⚫ The greenness of most vegetation regions in the

world (northern hemisphere) showed a significant

increasing trend, and the greening trend in China

was the fastest

⚫ The areas where vegetation browned were eastern

South America, Central Africa, and Central Asia

⚫ Most of the vegetation in the southern hemisphere is

turning brown

 LAI of the growing season observed by four groups of satellites from 2000 to 2014 was used to

characterize vegetation greenness, and the Spatio-temporal variation pattern of greenness was

analyzed on a global scale



 Different satellite products showed significant greening in China, but different LAI products had

great uncertainties

China

Global

 There was a trend of global vegetation greening from 2000 to 2014, and the trend of regional

vegetation greening in China was more significant

Variation of Vegetation Greenness



 Dynamic Global Vegetation Models, DGVMs

⚫ The global vegetation model is a key technology to study the interaction between vegetation greenness and the

environment. However, LAI results of the single dynamic vegetation model have great uncertainties and all

have their own regional adaptability.

Variation of Vegetation Greenness



 Dynamic Global Vegetation Models optimization

• Multi-model ensemble mean (MME)

• Ensemble Bayesian model averaging (EBMA)

• Genetic Algorithm (GA)

• Particle Swarm Optimization (PSO)

• Cuckoo Search (CS)

• Interior-point Method (IPM)

 Among the six model ensemble methods, except the MME ensemble model, the performance of the other five

optimized ensemble models is significantly better than that of the single dynamic global vegetation model.

Variation of Vegetation Greenness



 The global vegetation dynamics model (DGVM) has great differences in simulating global LAIgs temporal

and spatial changes and its accuracy needs to be improved

Variation of Vegetation Greenness



 In terms of simulating LAIgs change, the performance of the MME integration model was significantly better than that of

the single dynamic global vegetation model

 Compared with MME and EBMA, the root mean square error of the IPM ensemble model with the best performance is

reduced by 85.09% and 61.75%, respectively

 According to the ensemble optimization results based on the IPM method, the area of LAIgs optimal change trend accounts

for 91.62% of the global vegetation area, which is 1.2 times that of the MME (EBMA) ensemble model.

Variation of Vegetation Greenness



Influencing factors of greenness change

 Land use change

➢ Take China as an example, where the vegetation is significantly green and the land use changes dramatically

➢ To quantitatively evaluate the impacts of major land use change factors (including agricultural improvement, afforestation, urbanization,

forest, and grassland biological hazards, fire, and overgrazing) on vegetation greenness change in China from 2000 to 2014

➢ The global vegetation dynamics model (DGVM) optimized by the Interior Point Algorithm (IPM) ensemble was used to quantitatively

analyze the impact of land use on greenness.



Influencing factors of greenness change

Bayesian model averaging (BMA) evidence

PIP represents the posterior inclusion

probability. If the PIP value is greater than 0.99,

the explanatory variables show a decisive

influence on PM and represent the posterior

mean value.

If PM is positive, it means that the increase of

explanatory variable value has a positive impact

on vegetation greenness

 Based on scenario simulation and BMA evidence, the impacts of land use change factors on regional vegetation 

greenness in China were illustrated

⚫ Forests: Afforestation in the concentrated distribution area

contributed 27% to the greening of the vegetation in the

area

⚫ Urbanization: the browning impact caused by urbanization

was approximately three times the greening effects of both

climate change and CO2 fertilization on the urban area

⚫ Scenario I (S1): The atmospheric CO2 concentration, climate, and lUCC

change with time, and this scene reflect the vegetation change in the "real"

scene.

⚫ Scenario II (S2): Atmospheric CO2 concentration and climate change with

time, while LULCC does not change with time. This scenario reflects that

vegetation is influenced by both atmospheric CO2 concentration and climate



Influencing factors of greenness change

 Forestry projects and climate change

Eight Large Forestry projects in China



Influencing factors of greenness change

➢ The relative contribution of forestry projects and climate change to vegetation restoration (degradation)



Influencing factors of greenness change

➢ Future changes in vegetation greening, climate change and forestry projects

⚫ The risk of future vegetation degradation was high, and

NDVI continued to increase in only 14% of the regions.

⚫ The anti-persistent of climate change contribution is

high, in the future, 69% will change from increase to

decrease.

⚫ The forestry project contribution changes are more

complex. In the future, 53% will change from increase to

decrease, and 25% has changed from decrease to

increase.



 Greening intensifies water conflict under a drought background

➢ Identifying Droughts with Differing Intensity

Poyang Lake watershed

2009: Moderate drought with a long duration

2011: Extreme drought with a short duration

2013: Moderate drought with a short duration

Greening intensifies water conflict



Response of greenness to drought events

➢ Although Poyang Lake Basin has experienced droughts of different

intensities in recent years, the vegetation greenness of the basin has

shown a broad increasing trend since 1983

Greening intensifies water conflict



 Water Supply Stress Index (WASSI)

ET:

R2 = 0.83

RMSE = 15.15

⚫ Modifying the WaSSI Model 

Compared with MODIS PET products, the original Wassi

model underestimated the PET value

Greening intensifies water conflict

Water yield:

R2 = 0.83

RMSE = 23.23



 Effect of greening on water yield under drought conditions

➢ A 20% to 80% increase in vegetation greenness typically results in a

3% to 27% reduction in water yield under drought conditions

➢ The increase of vegetation greenness can lead to the reduction of water

yield by 2-3 times under persistent high-intensity drought than under

short-term moderate drought

Greening intensifies water conflict



1

➢ Under the condition of continuous drought, vegetation greenness

increases obviously, and water demand also increases, which aggravates

the contradiction between ecological water demand and human water

storage

The percentage of human living and production water demand in the six

regions of Poyang Lake Basin in the total water demand of the whole basin

Greening intensifies water conflict



Result

A multi-model ensemble optimization framework was constructed to evaluate the

performance of multiple optimization algorithms in optimizing and integrating

multi-dynamic global vegetation models

Taking China as a typical area of greenness change, the driving factors of

vegetation greenness change were quantitatively analyzed

The effects of vegetation greening on the water supply of the ecosystem under

drought conditions in humid regions were discussed, and the conflict between

ecological water demand and human water demand was revealed
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