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Background
§ Most state-of-the-art land surface models 

underestimate ecosystem resiliency during 
drought conditions, resulting in evapotranspiration 
lower than observation under water stress 
conditions. 

§ Current LSMs lack an adaptation mechanism for 
plants to survive droughts due to prescribed, 
static, evenly-distributed root.

§ Static root disconnects the interactions between 
changes in below ground water and nutrient 
resources and above ground plant carbon 
assimilation. (Niu et al. 2020)

Results

CMIP5 ensemble model temperature warming bias. 
(Qian et al. 2020)
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Characteristics of dynamic root scheme

• Subject to water and temperature 
stress

• Fraction (FR) of GPP allocated to 
roots is greater in drought conditions

• More carbon to shallow layers and 
wetter layers

Experiment design
Version: WRF 4.4.1 

Horizontal Grid Spacing: 4 km

Reanalysis data: NCEP FNL 
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The dynamic root scheme has been 
coupled to the latest WRF4.4.1 to represent 
the root water uptake processes.
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Conclusions

Zoom-in to the central Great Plains

vThe dynamic root water uptake scheme has been 
successfully coupled to the latest WRF4.4.1.

vAt the CONUS scale, WRF-Noah-MP with static root 
underestimates LAI, resulting in underestimation of 
latent heat flux and overestimation of surface air (T2) 
and skin temperature (Tsk). 

vCompared to the static root, WRF with dynamic root 
performs better at simulating LAI, surface energy fluxes, 
soil moisture, and reduces biases in temperature over 
the central Great Plains.

• (top) The coupling of dynamic root remarkably 
reduces the negative bias in LAI, especially in the 
central US.

• (right) WRF-Noah-MP with static root 
underestimates leaf area index (LAI) almost over 
the entire CONUS

• Compared to the references, STC_ROOT shows a 
warm bias over the central and southern Great 
Plains, DYN_ROOT effectively reduces such 
warming bias.

• Over the central Great Plains, the biases in surface air temperature 
and surface skin temperature is largely reduced by the incorporation 
of the dynamic root scheme.

Simulation periods:
 April 1 – August 31, 2012-2014

Noah-MP Land surface model: 

• dynamic root (DYN_ROOT)

• static root (STC_ROOT)
Hypothesis
§ We hypothesize that the oversimplified root 

scheme in the model can also contribute to the 
warm-and-dry bias commonly seen in climate 
models.


