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Modeling for isoprene emission

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

July: MEGAN _isoprene (micro-moles/m2/hr)
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Isoprene emission has drought resistance

. L. FIRST CYCLE SECOND CYCLE
Table 3. Effect of water stress on isoprene emissions and other 07 Y e :

gas-exchange parameters in live oak plants. Means are geometric
except for net photosynthetic rate and moisture content; all are
based on four plants. SGD: standard geometric deviation; SD
standard devition. The plants were on a 16-h photoperiod with
a PPFD of 550 pmol m~? s™* and a leaf temperature of 29+1°C
during the light
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Drought may affect isoprene emission indirectly
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(Reynolds-Henne et al., 2010)
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The impact of drought on isoprene emission

. Drought >
 Mild or moderate drought:
Have no impact or increase isoprene o _
L] ] n - u raie sopmne
emission indirectly. E stimulation oyihese inkaticn
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s® lsoprene - .
- Severe Drought: 4 2 omission .-
Decrease isoprene emission. § £ fro= e X
g % Photosynthesis '~ N \\\
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1. How to measure the severity of drought? 25
2. What’s threshold to active the impact of drought?
3. How to quatify the impact of drought?

Time

(Potosnak et al., 2014)
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Drought algorithm in MEGANVZ2.1

Ysm =1 (6 > 06,, +A0) * 0:Soil moisture
Ysy =(@-26,)/6, +A46(@6, <6 <86, +A0) Ow: Wilting point
Ysm =0 (6 <86, o AG = 0.04 m3/m?3

(Guenther et al., 2012)

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

2. What's threshold to active the impact of

drought?

The wilting Point (6w) and the critical soil
moisture (6,).

3. How to quatify the impact of drought?
Using the linear equation above.
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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) lgnoring 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
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Online drought response algorithm based on the
Community Land Model

* Drought indicator: soil water stress function (f;)
'Bt - z Wil Wilting factor (w;). Vertical root discribution factor (r;) at layer i;

* Drought algorithm:

y Ysm = 1 (B = 0.6)
g = mC /; hs + bf; Ysm = Vemax/a (0 < B < 0.6)
s/ atm Ysm = 0(B; = 0)
* Stomotal conductance (g) response to drought (5;); * Subtrate supply (Vcmax) response to drought (5;);
%99 (Jiang et al., 2018)
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Water stress indicator

’ B REDUCTION IN TISSUE WATER POTENTIAL, ¥, (MPs), ET is the actual evapotranspiration (evaporation and
| PROCESS AFFECTED REQUIRED TO AFFECT PROCESS ° transpiration).
0 1 2
| | |
A Evapotranspiration (ET)
Cell-Wall Synthesis............. —_— E T
Protein Synthesis.........c.c..... — —_ —
it I I = f pet P E T
Stomatal Closure....c..eoseses I-_.._ - J:
O ASTAOD . L= === Potential Evapotranspiration (PET)
Respiration........ccovveeciiunnnae. -
Proline Accumulation........ --- PET is generally defined as the amount of water that
| Sugar Accumulation......... could evaporate and transpire from a vegetated
1

landscape without restrictions other than the
atmospheric demand (Lu et al., 2005).

* with W, of well-watered plants under mild evaporative demand as the reference point

(Porporato et al., 2001)
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Water stress indicator

Usll\)/lh;)nthly changes Two remote sensing drought indicators are examined
N Tt in this study—anomalies in ET and fpgr, which is the
i e ratio of actual ET to PET:
SR
% NN o ET
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Algorithm

P - - - - == B I 1
_ ) 1 I(l/ n (1 = 1/Vsm_max) ) l
Ysm = Vsm_ma |1 + b1 . ea1-(fpET—0.2) I Vsm_max 1+ bz . ea2:(1.3—fpEr)’ |
= e = e e — —/— ————————— - |
/7 /
7 /
/’
» "4
Drought factor for substrate Drought factor for leaf
supply (Ysm sub )- temperature change (Ygm 11 )-

Ysm max : MA@Ximum value of the yq,, (=1.4).
a4, a,, b4, b, Empirical parameters.
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MOFLUX site validation
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Horizontal comparisons of HCHO simulation error
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CONUS
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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

ESA-CCI




Weakness of the algorithm
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Conclusions

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

* Asimple 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.

Wang, H., Lu, X., Seco, R., Stavrakou, T., Karl, T., Jiang, X., et al. (2022). Modeling isoprene emission response to drought
and heatwaves within MEGAN using evapotranspiration data and by coupling with the community land model. Journal of
Advances in Modeling Earth Systems, 14, e2022MS003174. https://doi.org/10.1029/2022MS003174
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