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Topics

• Evidences: Global warming and climate change

• Ecosystem response to climate change and global warming

• FACE

• Warming

• Precipitation manipulation

• Carbon cycle study
• GAW

• GHG and energy flux measurement (leaf level, soil surface, ecosystem level)

• Remote sensing (SIF)

• Isotope 

• Mitigation strategies



Climate change in daily news



Climate change in daily news



Evidences of global warming: 

Observed change in surface temperature 1901-2012





Evidences of global warming: Glacier  retreat 



Observed change in sea level 1993-2022



Evidences of Global Warming:
Hydrological Cycle Disrupted 



Flooding in China 2024 Summer

Hydrological Cycle Disrupted 



10 evidences of global warming





Atmospheric CO2, CH4, N2O growth trend



Shortwave 



Are climate change and  global warming real?



Just a hoax ?
Weather or Climate?

Or too many other crises going on?

At  2018  AGU



Different response of social society to 

some discoveries of earth science 

• Theory of Evolution: 1860s

• Theory of the Ice Ages: 1900s

• Theory of Plate Tectonics: 1960s

• Theory of Ozone Layer Depletion (because of CFC)

• Theory of Global Warming: 2000s



Is the global warming due to human 
influence or natural variation?



Lüthi et al., 2008. Nature. 453:379-382. 

20,000 to 25,000 years

140 years



Major Greenhouse Gases

Greenhouse 
Gas

Current 
Atmospheric 

Concentration

Atmospheric 
Lifetime (year)

Global 
Warming 
Potential

(全球增温潜势）

Radiative 
Forcing (W m-2)
（辐射强迫）

CO2 405 ppm 50-200 1 1.66

CH4 1852 ppb 12±3 21 0.48

N2O 328 ppb 120 310 0.16

Significance



Significance



Global CO2 Sources 

Quere et al., 2014. Earth System Science Data Discussion

100%  anthropogenic

Significance



Dlugokencky et al., 2012. Philosophical Transactions of the Royal Society A

Global CH4 Sources (源）
Percentage

Coal 

Gas & Oil

Enteric Fermentation

Rice 

Biomass burning

Landfill

Wetlands

Termites

Ocean

Production



Global N2O Sources （源）

Natural  
62%

Anthropogenic 38%

Production



GHG cycle study

▪ What are the sources, sinks of  CO2, CH4, N2O (库和源)?
▪ Atmospheric CO2, CH4, N2O trend (变化趋势)?
▪ What kind of impact on climate and ecosystem, esp for the case 

of CO2 (影响)?
▪ What are the factors that regulate these source and sink strength

（调控）?
▪ Research approach (研究方法)

▪ Atmospheric background, like Global Atmosphere Watch of WMO
▪ Remote sensing, large scale modeling
▪ Ecosystem level study
▪ Isotope

▪ Mitigation strategies (应对措施)



GtC=109 tonnes C



Atmospheric CO2, CH4, N2O trend (变化趋势)?
GAW (Global Atmosphere Watch Program)



Atmospheric CO2, CH4, N2O trend (变化趋势)?
GAW (Global Atmosphere Watch Program)

14th WMO/IAEA meeting of experts on carbon dioxide, other greenhouse gases and 

related tracer measurement techniques



What kind of impact on climate and ecosystem, esp for the case of CO2 (影响)?



Manipulation of precipitation (rainfall event size and frequency) experiment
 

At Sevilleta LTER, New Mexico



Soil Warming Experiment: Harvard Forest LTER Station



FACE Program, 



FACE and Warming Program, 
SPRUCE exp (Warmed enclosure vs. Ambient enclosure), Northern Minnesota





Sample

Reference
Flow 

Meter

LI-6800

Console

Flux measurement at leaf level:



S: leaf area (cm2)

E: transpiration (mmol m-2s-1)

u: flow rate (mol s-1)

W: concentration of water vapor 

(mmol mol-1)

A: carbon assimilation  (mol m-2s-1)

C: concentration of CO2 (mol mol-1)
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Stomata conductance, gs,

Vcmax, Jmax, 

Fv/Fm,  

Flux measurement at leaf level:



𝐹𝐶𝑂2 =
𝑉𝑃𝑜(1 −𝑊𝑜)

𝑅𝑆(𝑇𝑜 + 273.15)

𝑑𝐶

𝑑𝑡

V: Chamber volume  m3

Po: Pressure  Pa

R: Gas constant  Pa m3 k-1mol-1

S: Soil area  m2

To: Initial temperature oC
     

  Slope   mol mol-1s-1

    

Wo  Initial H2O  mol mol-1

FCO2:     Flux   mol m-2s-1

Flux measurement across soil surface



Automated and Long-term system (LI-8250)

LI-COR Confidential

Flux measurement at leaf level:
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Soil N2O flux at LI-COR Experiment StationAdvantage of automated and continuous measurement: 

• Can have fine temporal variation



Advantages of chamber method

1. Simple theory

2. Can measure very small flux (depend on volume to area ratio, 

precision of the gas analyzer)

3. Relatively easier to process the data

4. Can be used over small plots

5. Can be used over a wide range of field topography

Flux measurement across soil surface:



Flux measurement at field scale: Eddy Covariance (EC) Method



Fetch > 100 ∙ y

h  

y 

Can measure flux over large area

d 

Instrument height (m) Radius (m) Footprint area (ha)

2 200 12.6

10 1000 314.2

20 2000 1256.8

50 5000 7854.0

Flux measurement at field scale: Eddy Covariance (EC) Method



•  Direct measurement of the flux density 

•  in situ

•  No disturbance to your system

•  Continuous  

•  Represents a large area in the upwind direction

Advantages over other methods

Flux measurement at field scale: Eddy Covariance (EC) Method



• NEE, ET = f(PAR, diffuse radiation, temperature, soil moisture, rain pulse, and 
other environmental variables)

• NEE, ET = f(elevation gradient, land use, plant functional type, length of 
growing season, drought, disturbance of fire, logging and thinning, forest age, 
insect infestation)

• CH4 and N2O ecosystem budget, fish farms, lake, river etc

• Crop field carbon sequestration potential, deserts

Research areas (机理）



Flux= f (precipitation, temperature, soil moisture, VPD, fpar, diffuse radiation, 
LAI, vegetation type, SIF, etc., )

model validation, ground truth, and remote sensing



Yang et al., GRL 2015

Remote sensing



Frankenberg and Berry, 2018



Applications: Global carbon cycle study

The more and more negative in 13C proves that the atmospheric CO2 

concentration increase is due to the release of CO2 from burning of fossil fuel. 

Need to explain this plot



Stomata: 10-5 m; m

Leaf/Needles: 0.01 - 0.1 m; mm, cm

Soil and Plants,  1 - 10 m; m

Canopy: 100 - 1000 m; km

Landscape/Ecosystem/Community

1 - 100 km

Biome/ Continent: 1000 km 

Globe: 10,000 km 

Bacteria/Chloroplast/Cell/Organelle: 10-6 m;  m (Courtesy of Dr. Baldocchi)



Mitigation strategies (government): 

1.  Plant more trees?
• Water and nutrient limitation

• Land limitation

2.  Carbon capture and storage
• Inject CO2 underground

3.  Cut emission
• More efficient transportation, Heating/AC 

4.  EV 
• Depends on how the electricity is generated?

5.  Solar power, wind, nuclear energy
• More efficient than biofuel 

6. Cut emission of CO2, CH4 and N2O



Topics covered today

• Evidences: Global warming and climate change

• Ecosystem response to climate change and global warming
• FACE
• Warming
• Manipulate precipitation

• Carbon cycle study
• GHG and energy flux measurement(leaf level, soil surface, canopy)
• Remote sensing, e.g. SIF
• Isotope

• Mitigation strategies



谢谢大家

Q&A 
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