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Introduction  

Earth system models capture the transport of carbon from the land surface, to the stratospheric atmosphere, and back 
into the depths of the deep ocean. Each system (land surface, atmosphere, and ocean) is separated into its own 
individual component and then solved in a coupled-linked framework. While ocean and atmospheric models are solved 
three-dimensionally, land surface models (LSM) are only implemented as a series of one-dimensional columns (in the 
z-axis)—thus, lacking lateral surface and subsurface flow. By ignoring the critical connections between the atmosphere 
and lateral surface/subsurface flows, the current generation of LSMs may introduce errors in estimating their radiative 
energy balance, near-surface soil moistures, and plant growth subroutines [1,2].  

Methods 

To improve the current generation of land surface models, we coupled HydroGeoSphere (HGS) [3], a 3D fully 
integrated surface and variably saturated subsurface flow and transport model to the Noah-MP (Multi-Physics) LSM 
[4]. HGS solves the governing nonlinear partial differential equations using a globally implicit control-volume finite 
element method. The coupling method starts with Noah-MP processing the external climate forcing data (e.g. solar 
radiation, precipitation, wind velocity, and humidity) and provides HGS node specific net precipitation data. 
Conversely, the 3D HGS model replaces the internal water balance within Noah-MP by providing it soil saturation. A 
flow chart for the coupled model is shown in Figure 1. 

	
Figure 1: HydroGeoSphere coupled to Noah-MP. 



The HGS Noah-MP coupling method implements a flexible message passage algorithm that allows for two independent 
model meshes. The Noah-MP model runs on a high-resolution finite difference (regular grid) 2D mesh that is draped 
over HGS’s finite element (irregular grid) surface domain. The two models run at separate time stepping intervals, 
consequently limiting extra computational expenses. Model meshes are compared once (prior to running the coupled 
simulations), in which sparse grid transfer operators are constructed through an analytical geometric approach. This 
approach significantly reduces computational costs associated with coupling and facilitates data exchanges that scale 
linearly in the total number of surface elements/nodes. 

Results 

To test the coupled HGS-Noah-MP model, we created a small test field (100 meters by 100 meters) and simulated 
the model over a single year starting in January, shown in Figure 2. Initially, the leaf area index (LAI) remains close 
to zero over the winter months. Once spring starts, at roughly the 2,000 hour point, the LAI increases till it reaches 
the maximum growth level, equal to 3.75, over the summer. The plant biomass levels stay constant until fall, when 
the plants die off. As you can see, the plant dynamically grows throughout the year and is a function of temperature, 
soil water, and solar radiation.  

 

 
Figure 2: HGS-Noah-MP model output. Time is displayed in hours starting in January.  
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