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Modeling for isoprene emission

The Model of Emissions of Gases and Aerosols from Nature (MEGAN) 

𝐸 = 𝜀 $ 𝐶!" $ 𝐿𝐴𝐼 $ 𝛾#$ 𝛾$ $ 𝛾% $ 𝛾&'!$ 𝛾()

(Guenther et. al, 2012)

• Temperature
• Radiation
• Leaf age
• CO2 concentration
• Drought
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Isoprene emission has drought resistance

(Tingey et al., 1981) (Pegoraro et al., 2004)
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Drought may affect isoprene emission indirectly

(Reynolds-Henne et al., 2010)
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The impact of drought on isoprene emission

• Mild or moderate drought:
Have no impact or increase isoprene 

emission indirectly.

• Severe Drought:
Decrease isoprene emission.

1. How to measure the severity of drought?

2. What’s threshold to active the impact of drought?

3. How to quatify the impact of drought?

(Potosnak et al., 2014)
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Drought algorithm in MEGANv2.1

!
𝛾*+ = 1 𝜃 > 𝜃, + ∆𝜃
𝛾*+ = ⁄𝜃 − 𝜃- 𝜃, + ∆𝜃 𝜃- < 𝜃 < 𝜃, + ∆𝜃
𝛾*+ = 0 𝜃 < 𝜃-

• 𝜃: Soil moisture
• 𝜃𝑤:Wilting point
• ∆𝜃 = 0.04 m3/m3

1. How to measure the severity of drought?
Using soil moisture.

2. What’s threshold to active the impact of 
drought?
The wilting Point (𝜃𝑤) and the critical soil 
moisture (𝜃1).

3. How to quatify the impact of drought?
Using the linear equation above.

(Guenther et al., 2012)
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Limitations about soil moisture-based drought algorithm

1) Uncertainty of thresholds;
2) Inconsistences of soil moisture values among different 

datasets/layers;
3) Neglecting the impact of atmospheric vapor pressure 

deficit;
4) Ignoring the indirect impact of drought on isoprene 

through increased leaf temperature. 
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Limitations about soil moisture-based drought algorithm
Uncertainty of thresholds

• θw= 0. 196 m3/m3 • θw= 0. 23 m3/m3

(Huang et al., 2015)
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Online drought response algorithm based on the 
Community Land Model

𝛽. =A𝑤/𝑟/

𝑔0 = 𝑚
𝐴1
⁄𝐶0 𝑃2.3

ℎ0 + 𝑏𝛽. !
𝛾45 = 1 𝛽. ≥ 0.6
𝛾45 = ⁄𝑉6327 𝛼 0 < 𝛽. < 0.6
𝛾45 = 0 𝛽. = 0

• Drought indicator: soil water stress function (𝛽.)

• Drought algorithm:

* Stomotal conductance (gs) response to drought (𝜷𝒕); * Subtrate supply (Vcmax) response to drought (𝜷𝒕);

* Wilting factor (wi). Vertical root discribution factor (𝒓𝒊) at layer i;

(Jiang et al., 2018)
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Water stress indicator

Evapotranspiration (ET)

Potential Evapotranspiration (PET)

𝑓!"# =
𝐸𝑇
𝑃𝐸𝑇

PET is generally defined as the amount of water that 
could evaporate and transpire from a vegetated 
landscape without restrictions other than the 
atmospheric demand (Lu et al., 2005).

ET is the actual evapotranspiration (evaporation and 
transpiration).

(Porporato et al., 2001)
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Water stress indicator

(Anderson et al., 2011)
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Algorithm

𝛾!" = 𝛾!"_"$%
1

1 + 𝑏& ) 𝑒$"'()#$%*+.-)
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(1 − 1/𝛾!"_"$%)
1 + 𝑏- ) 𝑒$&'(&./*)#$%)

)

γsm_max : Maximum value of the γsm (=1.4).
a1, a2, b1, b2: Empirical parameters.

Drought factor for substrate 
supply (γsm_sub ). 

Drought factor for leaf 
temperature change (γsm_f1 ). 

(Potosnak et al., 2014)
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MOFLUX site validation
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Horizontal comparisons of HCHO simulation error

• OMI-HCHO
• CAM-chem 

simulations 
with different 
drought 
treaments
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Comparison between the monthly OMI and CAM-chem HCHO vertical column 
densities in the CONtiguous United States (CONUS). The color of the points 
represents the severity of water stress. 
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Validation of the surface soil moisture simulated by CLM 
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Weakness of the algorithm
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Conclusions

• A better way to represent the water-stress in the isoprene emission 
model.

• A simple model framework for simulating the impact of water stress 
on isoprene emission.

• The inaccurate drought simulation can directly affect the modeling 
of drought impact on isoprene.
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Thank you!


