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WATER AND ENERGY DYNAMICS 

By 

Brent Whitfield 

May 2003 

Chair:  Jennifer Jacobs 
Major Department:  Civil and Coastal Engineering 

The Community Land Model (CLM) and the Land Surface Process model (LSP) 

are typical soil vegetation atmosphere transfer models (SVAT) that were used to simulate 

the land surface processes for a wet prairie community in the southeastern US for May 4-

17, 2001.  The research objective is to provide a basis for calibration of SVAT modeling 

processes for the highly variable convective atmospheric conditions and the atypical 

hydrogeology of the southeastern US.  Since CLM is a watershed or regional scale model 

and LSP is a field scale model, each model has distinctive parameterization schemes and 

methodologies for simulating land surface processes.  The intercomparison of CLM and 

LSP provides perspective for the strengths and weaknesses of the generalized 

parameterization schemes of a regional scale model as compared to a more biophysically 

adept field scale model.  The study area is Paynes Prairie State Preseve in north-central 

Florida, which can be characterized by the biological communities of freshwater marsh, 

wet prairie and pasture. 
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Validation data were provided using standard meteorological instrumentation, an 

eddy correlation system for measurement of surface heat fluxes and subsurface 

measurements of moisture, temperature and matric potential.  The CLM and LSP 

simulations of soil moisture at 7.6, 12.7 and 17.8 cm compared well with the measured 

results showing a RMSE less than 3.5% volumetric water content for both models at all 

three depths.  Soil temperature simulations corresponding to 2.5, 7.6, 12.7 and 17.8 cm 

show good agreement with measured temperatures with a RMSE less than 1.5 K for all 

four depths in both simulations.  Simulation of the components of the energy balance 

showed different trends for CLM than LSP.  CLM’s simulation showed the strongest 

agreement with the measured latent heat fluxes (RMSE of 62 Wm-2) as compared with 

the simulation of sensible (RMSE of 61 Wm-2) and ground heat fluxes (RMSE of 27  

Wm-2).  The LSP simulation of latent heat flux showed the poorest agreement (RMSE of 

122 Wm-2) as compared with the simulation of sensible (RMSE of 29 Wm-2) and ground 

heat fluxes (RMSE of 5 Wm-2).  An investigation of model performance on a typical 

cloudy day (May 7th) and a typical clear day (May 13th) demonstrated potential for the 

application of both CLM and LSP in the highly variable climatic conditions of the 

southeastern US. 
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CHAPTER 1 
INTRODUCTION 

Improved quantification of the energy, moisture, and momentum fluxes between 

the atmosphere and the Earth’s surface remains a critical component for studies in 

hydrology, meteorology and biogeoscience.  Scientific endeavors, such as climate 

modeling, are often interested in quantifying surface fluxes at large spatial scales over a 

variety of land cover types that are not feasibly monitored using field based techniques.  

In the stead of complex direct measurement, soil-vegetation-atmosphere transfer (SVAT) 

models are often used to quantify these fluxes and stores.  The most suitable 

characteristics for SVAT models are often determined by their desired application.  The 

divergence in applications of SVAT models has lead to a variety of models that have 

structural differences for the characterization of land surface processes.  Only by 

comparing the results of separate SVAT models with a known set of validation data can 

the utility of different modeling schemes be determined. 

The applicability of a given SVAT model is significantly dependent on its required 

parameterizations and model structure (Schaake et al. 2001).  Increased parameterization 

allows for a greater description of the physical environment and theoretically creates a 

more robust simulation of surface fluxes.  However, this increased robustness often leads 

to a decreased flexibility in usage.  Often a less sophisticated model parameterization can 

prove advantageous, due to the characteristic heterogeneity of the land surface, as well as 

a general scarcity of insitu measurement of physical parameters.  An effective SVAT 
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model should incorporate adequate sophistication to accurately simulate the environment, 

but not be so complex as to reduce usability. 

In the Project for Intercomparison of Land surface Parameterization Schemes or 

PILPS, several scientific teams explored the value of different methods of model 

parameterization (Pitman and Henderson-Sellers 1998).  The multiphase PILPS 

compared results from as many as 23 land surface models including BATS (Dickinson et 

al. 1993) and VIC-2L (Liang et al. 1996).  The PILPS focus was a community-wide 

intercomparison of modeling schemes.  Thus, none of the studies provided a detailed 

analysis of individual models.  However, the intercomparisons did present results that can 

be used to guide more detailed intercomparisons (Chen et al. 1997).  PILPS Phase 1 

comparisons of annually-averaged latent heat flux, sensible heat flux, and radiative 

temperature, as well as monthly-averaged surface runoff and soil moisture with surface 

fluxes generated from NCAR climate data showed poor agreement in tropical forest and 

grassland settings.  The revised experimentation framework demonstrated the importance 

of congruent forcings and parameterization schemes in model comparison studies 

(Pitman et al. 1999).  Phase 2 provided a similar comparison using observed climate data 

from four different sites, the Cabauw experimental station in the Netherlands (Chen et al. 

1997), the HAPEX-MOBILHY site in southwest France (Shao and Henderson-Sellers 

1996), the Red-Arkansas River Basin in the Midwestern US (Liang et al. 1998), and a 

boreal site in Valdai, Russia (Slater et al. 2001).  PILPS Phase 2 identified the differences 

in land surface model mechanisms and characterized the variability in the modeled 

results.  Shao and Henderson-Sellers (1996) describe the difficulty in identifying the link 

between the model’s performance and the responsible mechanism.  Because land surface 
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models are non-linear systems with interacting components, the range of results in each 

of the Phase 2 intercomparisons is larger than acceptable measurement error.  All of the 

Phase 2 intercomparisons, except those examining snow-covered terrain, exhibited a 

smaller disparity in latent heat fluxes with respect to the average annual measured latent 

heat flux than both the sensible heat flux and the ground heat flux (Shao and Henderson-

Sellers 1996, Chen et al. 1997, Liang et al. 1998).  PILPS demonstrated modeling 

schemes’ strengths in simulating general patterns of land surface processes.  The overall 

scatter in simulation results, which existed between any set of models, may be 

categorized based on the structure of modeling schemes.  However, PILPS’s 

investigation determined that within categories of like modeling schemes there exists 

varying levels of sensitivity to parameterization (Slater et al. 2001). 

While PILPS characterized the overall status of SVATs, model studies that include 

fewer schemes allow more detailed examination of the models’ strengths and weaknesses 

for a variety of landscapes and climatic conditions.  The Mohr et al. (2000) study of the 

untuned PLACE model in the Southern Great Plains experiment effectively simulated the 

near surface temperature, moisture and land surface fluxes in the first 48 hours following 

a heavy rainfall.  However, they diverged from observations during the drying period due 

to simplifications in the parameterization of subsurface moisture, vegetation cover and 

soil texture.  For the prairie grassland in the Radiobrightness Energy Balance Experiment 

(REBEX) near Sioux Falls, SD, the LSP/R model exhibited small errors when comparing 

predicted and observed soil and canopy temperatures in a northern prairie over a 14-day 

period in October (Liou et al. 1999).  Energy fluxes were not examined.  The van der 

Keur et al. (2001) study of the modified DAISY SVAT model had good agreement 
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between the modeled and observed land surface fluxes in non-water limiting conditions 

for winter wheat in Jutland, Denmark.  However, its application during water limiting 

conditions revealed that the simulated latent heat fluxes underestimated observed values 

and required a more complete parameterization of canopy resistance during stressed 

conditions.  Nijssen et al. (1997) demonstrated good seasonal agreement with observed 

fluxes using the hydrology-soil-vegetation model DHSVM in forested sites in the Boreal 

region of Canada.  However, the Nijssen simulation had a time lag for the simulated 

sensible heat fluxes that suggests the need for a more complete parameterization scheme 

for the soil thermal model.  The importance of SVAT simulation efforts to provide 

validation in an array of climactic and vegetative conditions is exhibited in the broad 

range of locations found in existing research: mid-latitude grasslands and croplands 

(Wood et al. 1998, Liou et al. 1999, Mohr et al. 2000), boreal forests and arctic tundra 

(Njissen et al. 1997, Kim 1999, Slater et al. 2001), and tropical forests (Pitman et al. 

1999).  Although SVAT validation research conducted thus far has been representative of 

several regions and climate types, global extrapolation requires additional validation 

research across a greater number of climates and biomes. 

It is the purpose of this paper to provide a basis for calibration of SVAT modeling 

processes for the highly variable convective atmospheric conditions and the atypical 

hydrogeology in the southeastern US.  The southeastern US is characterized by 

subtropical climatic conditions, that consist of high humidity, convective heating and 

high annual rainfall.  The low topographic relief and high water tables create a unique 

environment for vegetative communities.  These communities are distinguished by 

shallow root zones and variable stomatal resistances and reflectance properties (Mitsch 
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and Gosselink 2000).  A comparison of two SVAT models of contrasting design is used 

to determine the strengths and weaknesses of each methodology.  The Common Land 

Model (CLM) (Dai et al. 2001) is a regional or watershed scale model, while the Land 

Surface Process (LSP) model (Liou et al. 1999) is a field scale model.  This 

intercomparison examines the utility of increased sophistication in parameterization as it 

relates to differences in scale and its practical application in the southeastern US

 



 

CHAPTER 2 
MODEL COMPARISONS 

The Common Land Model (CLM) was developed as part of a multi-disciplinary 

and multi-institutional project designed to provide land surface forcings for the lower 

boundary of the Community Climate System Model (Blackmon et al. 2001).  Dai et al. 

(2001) describe the technical elements of CLM.  Zeng et al. (2002) and Bonan et al. 

(2002) demonstrate the coupling of CLM with CCM3.  The Land Surface Process (LSP) 

model is designed to link traditional land surface models and satellite microwave 

observations to allow for data assimilation (Liou et al. 1999).  Judge et al. (2003a and 

2003b) describe recent modifications and further developments to the LSP model. 

CLM and LSP can be distinguished primarily by their model processes and 

required parameters that reflect their designed application scale.  Table 1 summarizes the 

differences between their parameterization schemes.  As CLM was designed to represent 

single columns with spatial extents as large as ¼° by ¼°, it incorporates a minimum of 

insitu measurement of model parameters and initialization data.  The only parameters that 

are user-provided are land cover class, soil texture, longitude, latitude, and soil color 

index.  The remaining environmental parameters are derived from an internal 

parameterization scheme based on land cover classification.  Land cover class is specified 

based on 18 different International Geosphere-Biosphere Programme (IGBP) 

classifications (Loveland et al. 2000) from which the remaining vegetation parameters are 

derived.  Estimation of surface fluxes from multiple land cover classifications uses a tile-
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mosaic approach similar to Koster et al. (2000). Soil parameters, such as hydraulic 

conductivity and water retention curves, are generated from empirically based derivations 

using soil texture (Clapp and Hornberger 1978, Cosby et al. 1984). 

Table 1. Methodology for parameterization for CLM and LSP. 

Parameters CLM LSP
Soil Texture User Defined User Defined
η Empirical Calculation User Defined
Ksat Clapp and Hornberger User Defined
λ Empirical Calculation User Defined
Wilting Point User Defined User Defined
Water Retention Curve Clapp and Hornberger User Defined
Root Depth Empirical Calculation / IGBP User Defined
LAI Empirical Calculation / IGBP User Defined
Canopy Height IGBP User Defined
Roughness Length IGBP User Defined

 
In contrast, as LSP was designed as a research tool for field scale applications, it 

uses a more detailed parameterization scheme and requires insitu measurement of many 

environmental parameters.  Field specific parameters such as soil texture, longitude, 

latitude, LAI, canopy height, and canopy biomass are user specified.  Two physical soil 

parameters, air entry pressure (Ψo) and pore size index (λ), are required to generate the 

soil water characteristic curve.  LSP uses the Rossi and Nimmo (1994) relationship based 

on the Brooks and Corey water retention model. 

The mechanics of the hydrological processes: evapotranspiration, infiltration, and 

runoff vary significantly between the two models.  Table 2 describes these differences for 

CLM and LSP.  Both models determine bare soil evaporation using the Philip and De 

Vries (1957) diffusion model.  CLM’s transpiration process is an aerodynamic approach 

based on the BATS model (Dickinson et al. 1993) with a stomatal resistance component 
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from the LSM model (Bonan, 1996).  LSP’s transpiration module uses an aerodynamic 

approach derived from the CLASS model (Verseghy et al. 1993).  LSP’s infiltration rate 

requires soil hydraulic and physical properties, soil temperature, vegetation cover, and 

surface characteristics like slope and roughness (Ghildyal and Tripathi, 1987).  The 

maximum infiltration rate is estimated using a quasi-analytic solution to Richard’s 

equation for vertical infiltration in a homogeneous soil with a constant initial moisture 

profile (Green and Ampt, 1911, Philip 1957, Philip 1987a, Philip 1987b). 

Table 2. Characterization of land surface processes for CLM and LSP. 

Processes CLM LSP
Soil Evaporation Diffusion Diffusion
Evapotranspiration Aerodynamic (BATS and LSM based) Aerodynamic (CLASS based)
Infiltration Richard's Equation Richard's Equation (modified)
Subsurface Heat Transport Fourier's Equation Fourier's Equation
Runoff Surface runoff and baseflow (TOPMODEL based) Hortonian Flow
 

One of the distinguishing characteristics of CLM is the surface runoff generation 

process.  CLM uses assumptions from the watershed scale model TOPMODEL (Beven et 

al. 1995) as adapted for land surface modeling (Stieglitz et al. 1997).  These assumptions 

include: a baseflow component defined by the saturated hydraulic conductivity of the 

lower layers of the profile, an exponential decrease in the saturated hydraulic 

conductivity with depth and surface runoff based on the parameterization of saturated and 

unsaturated spatial extents.  The exponential decrease of saturated hydraulic conductivity 

with depth is illustrated in Figure 1 using the conductivities defined by the soil profile 

used in this study.  Figure 1 also illustrates the saturated conductivity used by LSP as 

parameterized by the soil profile of this study.  The parameterization of the fraction of 

saturated and unsaturated landscape is based on an empirical relationship defined by the 

relative water table.  Since LSP is designed for field scale use only, runoff is only 
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generated from saturation excess and that depth of water not infiltrated at the end of each 

timestep. 
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Figure 1. Log scale plot of variation of parameterized saturated hydraulic conductivity 
with depth below the surface for CLM and LSP 

Two modifications were made to CLM.  For the low gradient topography and 

hydrogeology characteristic of much of the southeastern US, the TOPMODEL baseflow 

generation mechanism is not appropriate.  The TOPMODEL baseflow generation 

mechanism was eliminated allowing the lower layers to remain saturated and eliminating 

excessive drainage.  The parameterization of the relationship between soil moisture and 

root resistance was also modified for the CLM evapotranspiration mechanism based on 

measured stresses (Jacobs et al. 2002a).   

Both CLM and LSP discretize the soil profile into layers.  Each allow soil 

properties to differ by layer.  CLM has a 10-layer profile with the thickness of each layer 

determined by a unitless scaling factor and an exponential function that increases with 

depth.  Given a typical vertical scaling factor of 0.025, the thickness of the uppermost 
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layer of CLM is 1.75 cm, while the thickness of the lowest layer is 113.7 cm.  LSP 

layers’ thicknesses also increase with depth.  However, the LSP profile has 60 layers.  

The top layers are very fine, yet a deep soil layer may be simulated.  Each layer’s 

thickness may be defined as appropriate for the application. 

CLM and LSP also have fundamental computational differences.  CLM determines 

the water movement across layer interfaces using a first-order Taylor expansion and 

solving the resulting equation using a tridiagonal matrix solution.  The flux of heat across 

CLM layer interfaces is solved using the Crank-Nicholson numerical scheme and a 

tridiagonal matrix solution (Dai et al. 2001).  These methods generate soil moisture and 

temperature profiles at the same temporal resolution as the timestep of the simulation.  

LSP uses a block-centered finite difference approach that determines the temporal 

resolution based on the parameterized convergence criteria.  The temporal resolution of 

the resulting LSP profile also differs from the timestep of the climate forcings. 

 

 



 

CHAPTER 3 
STUDY AREA 

The Paynes Prairie State Preserve is a regional basin that contains biological 

communities such as freshwater marsh, wet prairie and pasture.  This 5600 ha system in 

north-central Florida, USA is 13 km long (east-west) and ranges in the north-south 

dimension from 1.5 km to 7 km.  The summer climate conditions are strongly influenced 

by surface heating with significant cumulus cloud cover and few cloud-free days.   The 

basin is a large irregularly shaped bowl resulting from solution of the underlying 

limestone.  The basin is either seasonally or perennially flooded based on a surficial 

aquifer that is separated from the highly transmissive Floridan aquifer by the underlying 

Hawthorne formation.  This geologic formation acts as a semi-confining layer.  The 

primary drain for the Preserve is a sinkhole breach (Alachua Sink) in the semi-confining 

layer.  Based on rainfall patterns, two water-control structures are used to simulate 

natural basin water levels annually and inter-annually.  Generally, water levels are 

highest during the summer months and lowest during the months of April, September, 

October, and November.  However, no diversion of water into the Preserve through the 

control structures occurred during the study period due to a multi-year drought. 

The study was conducted in a wet prairie community located in the Paynes Prairie 

Preserve (29o 34’ 14 “ N, 82o 16’ 46 “ W). The study period is a 13-day rainless span 

from May 4th until May 17th of 2001.  The study period occurs within a 40-day dry down 

from saturated conditions from April 17th until May 27th.  There is no precipitation during 

the 40-day dry down period with the exception of three storm events, of which only one 
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is notable in depth.  The first event is a 2.3 cm rainfall on April 27th.  The second and 

third precipitation events are both 0.25 mm in depth and occur on May 2nd and May 17th.  

As is seen in Figure 2, the water table depth reflects these rainfall patterns.  The 

experiment period is during a steady dry down condition in which the depth to the water 

table increased from 62 cm to 86 cm.  
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Figure 2. Water table depth with time from April 10th the June 20th.  Experiment period 
from May 4th to May 17th. 

The prairie is a relatively flat, treeless plain with moderately dense ground cover.  

The mean canopy height during the study period is approximately 1.0 m.  The site’s soils 

include Emeralda fine sandy loam, Wauberg sand, and Ledwith Muck. The soils consist 

of sands with an organic surface layer that are underlain by clay.  Field observations 

showed that the majority of the root zone was contained in the upper 10-cm soil layer 

with approximately 95% of the root zone contained in the upper 25-cm soil layer.  
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Typically, the wet prairie is inundated for 50 to 100 days each year, burns every two to 

four years, and has low organic matter acculumulation.  This prairie community is 

routinely burned in accordance with simulated natural periodicity in order to maintain the 

communities’ natural conditions and ecological diversity. Prior to the experiment, the 

study area was most recently burned in December 1999. 

The site is instrumented with a tower-based meteorological station installed onsite 

to provide several meteorological and micrometeorological measurements.  

Instrumentation onsite also provided subsurface measurements of water content, soil 

temperature and soil matric potential.  Table 3 describes the instrumentation used for data 

collection.  Jacobs (2002b) also provides a complete description of the instrumentation 

and study area.  All atmospheric and flux instrumentation was mounted on a 6.1-m tower, 

and logged using a CR10X datalogger (CSI, Inc.).  Land surface fluxes were measured 

using an eddy-flux approach.  Evapotranspiration was measured directly using an energy-

budget variant of the eddy correlation approach (Tanner and Greene 1989, Twine et al. 

2000).  Fluctuations in wind speed, virtual air temperature, and vapor density were 

sampled at 6 Hz, and 30-minute average covariances were calculated to estimate the 

fluxes.  The latent heat fluxes were corrected for temperature-induced fluctuations in air 

density (Webb et al. 1980) and for the hygrometer sensitivity to oxygen (Tanner and 

Greene 1989). Sensible heat fluxes were corrected for differences between the sonic 

temperature and the actual air temperature (Schotanus et al. 1983). Both the sensible and 

latent heat fluxes were corrected for misalignment with respect to the natural wind 

coordinate system (Baldocchi et al. 1988). The Bowen-ratio method was used to close the 

surface energy balance relationship (Twine et al. 2000).  Ground heat flux was measured 
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approximately 10 cm below the surface.  The measured soil heat flux was corrected for 

the energy stored in the upper 10 cm of soil using measurements of soil temperature. 

Near-surface volumetric soil water content was recorded at three depths: 7.6 cm, 

12.7 cm and 17.8 cm. Soil water potential and soil temperature were also measured 

within the soil profile at points coinciding with the moisture probe depths, as well as an 

additional temperature measurements at 2.5 cm.  Subsurface measurements were sampled 

every minute, and 30-minute averages were logged using an AM 416 multiplexer coupled 

with a CR10X datalogger (CSI, Inc.).  

Table 3. Instrumentation used in this study 

Variable Instrumentation Height (m)
Net Radiation REBS Q*7.1 6.5
Sensible Heat Flux CSI 3-D Sonic Anemometer CSAT3 5.75
Latent Heat Flux CSI Krypton Hygrometer KH20 5.75
Ground Heat Flux REBS RFT 3.1 -0.1
Wind Speed and Direction RM Young CS 800-L Anemometer 6.5
Precipitation Texas Electronincs TE525 6.5
Relative Humidity Vaisala HMP45c 5.8
Temperature Vaisala HMP45c 5.8
Pressure Vaisala PTB100 1.0
Subsurface Temperature CSI 107 -0.025,-0.076, -0.127, -0.178
Subsurface Moisture CSI 615L -0.076, -0.127, -0.179
Subsurface Matric Potential CSI 257 -0.025,-0.076, -0.127, -0.178

 

 

 



 

CHAPTER 4 
SIMULATION DESIGN 

Parameterization 

CLM and LSP soil parameters are characterized by soil texture composition from 

percentages of sand, clay, and loam.  The study area’s soil is predominantly Wauberg 

Sand.  Parameters for CLM and LSP soil layers were determined by a weighted average 

based on the soil composition from the Soil Characterization Laboratory soil composition 

profile (UF-IFAS 1985).  Figure 2 illustrates a comparison of the soil water characteristic 

curves generated from the Clapp and Hornberger relationship used by CLM with soil 

water characteristic curves derived from measured values.  Figure 2 also includes the 

hydraulic conductivity as it varies with volumetric water content for each of the five 

CLM layers contained in the top 23 cm of the profile. 

Vegetation parameterization for CLM is based on the IGBP characterization of 

landscapes.  The Land Process DAAC (edcdaac.usgs.gov/main.html) defines the study 

area as a cropland using the IGBP land classification.  This characterization, derived from 

remote sensing data, may be indicative of agricultural pastures bordering the study area, 

but does not provide an accurate description of the vegetative communities in the region.  

Due to the hydrogeology and climatic conditions of Paynes Prairie, the plant species 

within the flooded prairie community are predominately grassland and wetland species.  

Therefore, the IGBP land cover classification chosen for CLM parameterization was 

wetland, while within the IGBP parameterization scheme the grassland parameters for 

leaf and stem reflectance and transmittance were used.  CLM’s leaf area index (LAI) 
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parameters are generated from annual maximum and minimum values based on IGBP 

wetland properties.  The temperatures of the lowest soil layer define the seasonal 

relationship of LAI.  LSP’s vegetation parameters are user defined.  Here, LSP’s LAI was 

proportionally increased during the experiment from 2.0 to 2.5,  
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Figure 3. Comparison of measured soil water characteristic curve with three soil water 
characteristic curves defined by modeled soil matric potential (SMP) and 
seven hydraulic conductivity (K) curves based on the Clapp and Hornberger 
relationship within the CLM parameterization scheme. 

Initialization 

The CLM and LSP initialization schemes require the initial soil temperature profile 

and the initial soil moisture content profile.  The soil temperature profile is intialized 

using measured values for the top 23 cm.  For the lower profile, the initial temperature is 

set equal to the temperature measured at 23 cm.  The soil moisture profile is initialized 

using measurements in the top 17 cm of the profile.  The profile is saturated below 62 

cm.  The initial soil moisture is assumed to increase linearly with depth between 17 cm 

and the water table. 
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Forcings 

Table 4 summarizes the forcings required by CLM and LSP.  All forcings 

excluding radiation, are from measured values.  Estimates of incoming shortwave and 

longwave radiation were derived from measured net radiation.  During the nighttime 

(generally 6:30 PM to 6:30 AM EDT), shortwave radiation is zero and net longwave 

radiation is equivalent to measured net radiation.  Daytime values of the longwave 

radiation balance were estimated using Diak et al.’s (2000) remotely-sensed radiation 

estimation scheme based on GOES data.  Jacobs et al. (2002b) demonstrated the utility of 

GOES data in the study area.  The diurnal radiation surface albedo as a function of time 

was determined for a cloud-free day using measured incoming shortwave radiation, 

measured net radiation and GOES estimated net longwave.  The solar insolation is 

calculated from measured net radiation, GOES derived net longwave radiation and 

surface albedo.  

Table 4. Required atmospheric forcings for CLM and LSP  

CLM LSP

Incoming Shortwave Radiation (Wm-2) Incoming Shortwave Radiation (Wm-2)
Incoming Longwave Radiation (Wm-2) Incoming Longwave Radiation (Wm-2)
Air Temperature (K) Air Temperature (K)
Specific Humidity (-) Relative Humidity (%)
Precipitation (mm 0.5hr-1) Precipitation (mm 0.5hr-1)
Wind Speed (ms-1) Wind Speed (ms-1)
Atmospheric Pressure (hPa)

Model Forcings

 

 



 

CHAPTER 5 
RESULTS AND DISCUSSION 

The CLM and LSP simulation results are evaluated using three categories.  The 

modeled soil moisture, soil temperature and surface heat fluxes are compared with 

measured validation data.  The two main statistical quantities used for simulation 

assessment are mean absolute error (MAE) and root mean squared error (RMSE).  The 

mean absolute error is defined as the average of the absolute differences between 

modeled and measured results: 

n

XX
MAE

n

1i
i,measimod,∑ −

= =

 

Equation 1. Mean absolute error. 

The root mean squared error is the square root of the average of the differences between 

modeled and measured results squared, as follows: 

( )
n

XX
RMSE

n

1i

2
i,measi,mod∑ −

= =

 

Equation 2. Root mean squared error. 

Soil Moisture 

The observed point measurements of soil moisture were compared to the simulated 

moisture for the layer that contains that measurement point.  Each CLM and LSP soil 
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layer has homogeneous moisture and temperature.  The soil moisture measurements at 

7.6, 12.7 and 17.8 cm correspond to CLM layers 3, 4 and 5, respectively and to LSP 

layers 11, 15 and 19.  Figure 3 shows the evolution of modeled and measured soil 

moisture during the study period in terms of volumetric water content (VWC). 

CLM’s layer 3 exhibits a more rapid dry down than the observed dry down.  This 

layer has a higher modeled water content than observed during the first two days of the 

experiment.  The model dry down rate results in the simulated layer having a lower 

moisture content than the observed for all periods after four days with an increasing bias 

for the duration.  The MAE and RMSE for the CLM simulated results are 0.013 m3m-3 

and 0.016 m3m-3.  LSP matches the dry down rate of the measurement at 7.6 cm, 

however, there is an initial offset in the modeled results of approximately 0.03 m3m-3.  

This initial offset results in a high bias of simulated moisture contents for the entire 

experimental period.  The LSP simulated results demonstrate a MAE and RMSE of 0.034 

m3m-3 and 0.035 m3m-3.   

The CLM simulation results corresponding to the 12.7 cm measurement 

demonstrate good agreement with the measured dry down rate.  A small bias results in 

simulated moisture content values that are lower than measured by approximately 0.03 

m3m-3 throughout the study period. The LSP model shows very good agreement with the 

measured values over the period.  The MAE and RMSE for the LSP modeled results are 

0.009 m3m-3 and 0.011 m3m-3.  Both CLM and LSP show a similar rate of dry down for 

the measurements at 12.7 and 17.8 cm and provide good moisture content estimates at the 

deepest measurement depth.  CLM’s moisture contents are slightly drier (0.01 m3m-3) 

than measured, while LSP’s modeled water contents are slightly wetter (0.02 m3m-3). 
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The measurement error associated with a CS615 moisture probe is ± 2.5% 

volumetric water content.  CLM simulations at 7.6 and 17.8 cm depths have errors less 

than the instrument error.  The CLM simulation at 12.7 cm is less than 1.5 times the 

instrument error.  LSP’s 7.6 cm depth exhibits error of less than 1.5 times the instrument 

error.  LSP’s 12.7 cm and 17.8 cm depths show better agreement with an error less than 

the instrument error.  The volumetric soil moisture errors identified in this study are 

consistent with the results of other studies.  In PILPS Phase 2(b), Shao and Henderson-

Sellers (1996) recognized ±3% volumetric water content error margins as reasonable, 

while Mohr et al. (2000) found error margins in the near surface soil simulation of ±5% 

volumetric soil moisture. 

Comparisons of the modeled results to the observations suggest different strengths 

and weaknesses for each model.  For all three depths, both models capture the diurnal 

fluctuations in moisture.  The observations showed increasing soil moisture as the soil 

water profile reestablished during the evening.  LSP did an excellent job of modeling the 

phase and amplitude of the measured soil moisture fluctuations throughout the 

experiment period.  Both are able to capture the magnitude and location of soil water 

extraction due to evapotranspiration.  While, CLM’s daytime dry down appears to 

function appropriately, CLM was unable to replicate the recharge from the lower layers.   

The water retention curves used by the models appear to result in two distinct 

errors.  For LSP, the soil water profile rapidly equilibriates to a biased profile.  The LSP 

soil water retention curve appears shifted such that the soil matric potential for each depth 

corresponds to a higher moisture content than the moisture content that is measured.  

CLM overestimates the daily dry down rate, because it does not redistribute water from 
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lower layers to upper layers during the nighttime.  This pattern can be explained by 

examining the CLM soil water characteristic curves in Figure 2.  For soil moisture 

contents between 0.15 m3m-3 and 0.17 m3m-3, the slope of the measured retention curve is 

very steep, however, the CLM water retention curve is relatively flat in this range.  

Daytime root water extraction results in an observed soil water profile that increases in 

depth from the surface.  This profile results in a large gradient of matric potentials in 

response to the moisture content profile that drives soil water upward in the soil profile 

during the evening.  However, in CLM’s modeled soil column, comparable moisture 

profiles exhibit a much smaller gradient of matric potential.  Thus, CLM has a reduced 

upward movement of moisture and increasingly dryer surface conditions. 

Soil Temperature 

The comparison of the modeled soil temperature profile with observed soil 

temperatures follows that methodology for the soil moisture comparison.  Soil 

temperature and moisture were measured at the same depths with an additional 

temperature measurement at 2.5 cm depth.  The time evolution of modeled CLM and LSP 

soil temperatures compared with measured values for the observation period are seen in 

Figure 4.  Overall, both models show good agreement with the timing and magnitude of 

the actual diurnal fluctuations.  Simulated soil temperatures of both CLM and LSP for all 

depths show a warming trend over the study period.  For the 2.5 cm depth, the maximum 

daily soil temperature increases by 2 K over the two-week period.  However, the 

simulated maxima are somewhat warmer than the measured maximum during the latter 

parts of the experiment.  For the second depth, the maxima of both simulations are within 

1 K of the measured maximum early in the experiment and greater than 3.0 K and 2.0 K 

for CLM and LSP, respectively, at the end of the experiment.  At the 7.6 cm 
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measurement depth, both simulations lead the measured diurnal fluctuations by 2.0 to 3.0 

hours throughout the study period.  While the temperatures are quite similar, the shift 

increases in errors to 1.2 K and 1.4 K for CLM and 0.8 K and 0.98 K for LSP.  The 12.7 

and 17.8 cm comparisons do not have a temporal discrepancy.  Both comparisons exhibit 

the same enhanced warming trend that is evident at both 2.5 and 7.6 cm, as shown in 

Figures 4 c and d.  At 12.7 cm, the early diurnal cycles show slightly lower modeled 

temperature maxima than the measured temperature maximum.  The agreement improves 

during the experimental period with the final diurnal cycle exhibiting good agreement as 

compared to the measurements.  The MAE and RMSE are 0.45 K and 0.54 K for CLM 

and 0.52 K and 0.67 K for LSP.  The 17.8 cm measurements compare well with both 

simulated time series for the first 10 days with the final three cycles showing a small 

warm bias of 1.5 K between the measured and modeled temperatures at all points during 

the cycle.  The lowest layer had the smallest error for both CLM with a MAE and RMSE 

of 0.35 K and 0.44 K and LSP with errors of 0.33 K and 0.41 K. 

For both models, the modeled error decreases with depth, as the diurnal 

fluctuations are damped by the increasing soil thickness.  The measurement error 

associated with a CS107 temperature probe is ± 0.5 K.  Analysis of the CLM modeled 

soil temperatures shows an agreement with the 2.5 cm and 7.6 cm measured values 

within 2.5 times the instrument error.  The comparison of the CLM modeled temperatures 

with the 12.7 cm and the 17.8 cm measured values show errors less than the instrument 

error.  The LSP simulation shows a similar trend.  From the 2.5 to 17.8 cm depths, the 

ratio of LSP’s MAE’s compared to the instrument errors are less than 2.5, 2.0, 1.5 and 

1.0, respectively.  The errors of the simulated soil temperatures compare reasonably 
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Figure 5.  Comparison of measured subsurface soil temperature and CLM and LSP 
modeled soil temperature at a) 2.5 cm, b) 7.6 cm, c) 12.7 cm and d) 17.8 cm. 
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well with similar modeling studies.  Both Chen et al. (1997) and Mohr et al. (2000) found 

errors within ±2 K for subsurface temperatures.  The offline simulations of PILPS Phase 

1 found ranges between models of 1.4 K for tropical forest and 2.2 K for grassland in a 

multi-year study.  Judge et al. (2003b) found a 1.8 K average difference between modeled 

and measured temperature for bare soil and a 1.0 K mean difference for brome grass. 

In general, the modeled temperatures for both models show a warming trend over 

the duration of the period at all depths.  This trend reflects the observed dry down and 

warming conditions.  CLM’s simulated diurnal temperature fluctuations are greater in 

magnitude than LSP’s.  This likely reflects the decreased thermal heat capacity of CLM’s 

relatively drier soil.  Despite the higher moisture content, the LSP layers’ temperatures 

generally show higher fluctuations in temperature than the measurements.  This could be 

due to the soil texture parameterized thermal capacity of dry soil within LSP being lower 

than the actual thermal capacity of the soil solids.  

Surface Heat Fluxes 

The comparison of modeled surface fluxes with observations from field data 

demonstrates some disparity in the modeled energy balance for both models.  Figure 5a 

demonstrates the agreement of CLM modeled net radiation and measured net radiation.  

As both downwelling longwave and shortwave radiation force CLM, the agreement of 

the net radiation demonstrates the accuracy of the simulated reflected radiation or albedo 

and upwelling longwave radiation.  Figures 5b, 6a and 6b illustrate the differences 

between the observed fluxes and the CLM and LSP modeled fluxes for three components 

of the energy balance: latent heat flux, sensible heat flux and ground heat flux.  The 

ground heat flux of CLM is compared to the measured ground heat flux at the surface (10 

cm depth measurement corrected for soil heat storage), while the LSP ground heat flux 

 



26 

for model layer 13 is comparable to the actual 10 cm flux measurement (Figure 6b).  The 

MAE and RMSE were calculated using only daytime values (6:30 am until 6:30 pm) due 

to missing nighttime measurements resultant from dew on the lens of the krypton 

hygrometer. 

The CLM results for latent heat fluxes show the best agreement, while the sensible 

heat and ground heat fluxes have larger errors.  The LSP results have the largest 

discrepancy between simulated and measured fluxes for latent heat fluxes, whereas the 

sensible heat and ground heat fluxes demonstrate better agreement.  The diurnal variation 

in all energy fluxes is well captured by both models, with the exception of the LSP latent 

heat flux.  The diurnal variation of the simulated latent heat flux increasingly lags the 

measured diurnal variation as the experimental period progresses.  At the beginning of 

the experiment, the diurnal variation of the simulated latent heat fluxes lags the measured 

by 2 hrs.  The lag is approximately 3 hrs during the last day of the experiment.  The MAE 

and RMSE derived from comparisons of the measured and modeled latent heat for CLM 

is 44.79 Wm-2 and 61.69 Wm-2.  The corresponding statistics for the LSP simulation are 

99.43 Wm-2 and 122.32 Wm-2.  A MAE of 47.09 Wm-2 and a RMSE of 60.92 Wm-2 is 

derived from comparisons of the measured and CLM simulated sensible heat flux.  LSP 

has much better agreement with measured sensible heat flux with respective MAE and 

RMSE values of 23.50 Wm-2 and 29.08 Wm-2.  CLM has relatively high errors of 20.83 

Wm-2 and 26.19 Wm-2 for the MAE and RMSE of the simulated ground heat flux as 

compared to LSP’s errors of 4.27 Wm-2 and 5.31 Wm-2.   

The MAE associated with the simulated daytime CLM latent heat flux represents 

19% of the average 232.11 Wm-2 measured latent heat flux.  The MAE of the LSP 
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simulation is 43% of the average measured latent heat.  The magnitude of the CLM 

daytime sensible heat MAE is approximately 48% of the magnitude of the average 

measured sensible heat flux, 98.7 Wm-2.  A similar examination of LSP shows the 

magnitude equal to approximately 24% of the average measured sensible heat flux.  The 

MAE resulting from comparisons of the measured and CLM daytime simulated ground 

heat flux is nearly equal to the average magnitude of the measured ground heat flux of 

22.55 Wm-2 representing approximately 92% of the magnitude.  The MAE of LSP 

daytime simulated ground heat flux is only 19% of the average measurement magnitude.  

Simulation of surface fluxes often provides the largest discrepancies from 

measurements.  Chen et al. (1997) found reasonable agreement with ranges across 

modeling schemes of 30 Wm-2 and 25 Wm-2 for sensible and latent heat flux, 

respectively.  Chang et al. (1999) also found good agreement using the CAPS model, 

with a monthly discrepancy of 7.1 Wm-2 in latent heat flux and 7.7 Wm-2 for sensible heat 

flux.  However the same study found discrepancies in diurnal amplitude of ground heat 

flux around 20 Wm-2 with a phase difference of 2.5 hours.  Both Chen et al. (1997) and 

Chang et al. (1999) calculated error margins based on the full diurnal cycle.  A trend 

evident in several SVAT model validation studies (Acs and Hantel 1998, Chang et al. 

1999, Gonzalez-Sosa et al. 2001) is that latent heat fluxes are more accurately simulated 

than sensible heat fluxes and ground heat fluxes.  This trend suggests that the model 

physics representing the processes of latent heat flux are more comprehensive than the 

model physics describing the sensible or ground heat flux.  The results of the CLM 

simulation provide another example of this tendency.  In contrast, the LSP model has a 

tendency to underpredict the latent heat fluxes as the soil column dries out and 
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evapotranspiration conditions drop below potential, while accurately simulating the 

sensible and ground heat fluxes. 

As the climatic conditions of the southeastern US may significantly influence 

model performance, a comparison of modeled fluxes were examined for two days that 

exhibit large differences in cloud cover.  Within the experimental period, May 7th 

represents a typical cloudy day, whereas May 13th is a typical clear-sky day.  The average 

measured net radiation is 210.4 Wm-2 on May 7th and 394.2 Wm-2 on May 13th.  Figures 7 

a, b and c illustrate the latent heat flux, sensible heat flux and ground heat fluxes for May 

7th.  Both CLM and LSP underpredict the latent heat fluxes during the first 5.0 hours of 

the cloudy diurnal cycle.  In order to maintain the energy balance, both CLM and LSP 

overpredict the measured sensible heat during the same period.  CLM also overpredicts 

ground heat fluxes for the first half of the day, while LSP shows very good agreement 

throughout the day.  During midday, the net radiation shows high variability that is 

indicative of cumulus atmospheric conditions.  CLM closely tracks the variation in net 

radiation, but overpredicts the effect of that variability on the measured latent and 

sensible heat fluxes.  While LSP demonstrates similar patterns, LSP better captures the 

effect of the variability.  This may be a function of LSP’s higher temporal resolution of 

the simulation.   

Figures 8 a, b and c demonstrate the latent heat, sensible heat and ground heat 

fluxes for the relatively clear skies observed on May 13th.  CLM’s simulated latent heat 

fluxes underpredict measured latent heat fluxes for the first three hours of the diurnal 

cycle.  After the initial period, the measured values are overpredicted until the peak.  

CLM’s latent heat and sensible heat fluxes show similar agreement with the 
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measurements.  Whereas the modeled latent heat fluxes overpredict midday values, the 

modeled sensible heat fluxes underpredict during the same period.  LSP’s simulated 

latent heat fluxes underpredict the measured latent heat fluxes for the first 10 hours of the 

day.  The diurnal variation of LSP’s simulated latent heat fluxes has a 3 hr phase shift.  

LSP’s simulated sensible heat and ground heat fluxes show very good agreement with the 

measured fluxes over the course of the day.  Overall, both models seem to simulate the 

surface energy fluxes well in both clear sky and convective climatic conditions.  These 

results support the validity of the CLM and LSP model physics for determination of high 

temporal resolution applications for climates typical of the southeastern US. 
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Figure 6. Comparison of modeled and measured surface fluxes for a) CLM net radiation 
and b) CLM and LSP latent heat flux. 
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cloudy day, May 7th for a) Latent heat flux, b) Sensible heat flux and c) 
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Figure 9. Comparison of measured and modeled surface energy fluxes for a typical clear 
day, May 13th for a) Latent heat flux, b) Sensible heat flux and c) Ground heat 
fluxes. 

 



 

CHAPTER 6 
CONCLUSION 

The purpose of this research was to compare two SVAT models’ applicability in a 

high water table environment characteristic of the southeastern US.  As all SVAT models 

rely on similar mathematical approximations of biophysical reality, the main difference 

between a field scale model and a watershed scale single-column model is 

parameterization.  LSP’s strength is its meticulous reproduction of biophysical 

mechanisms at the land surface.  In order to provide an exhaustive simulation of land 

surface processes, the LSP model can use all available data to parameterize the canopy 

and soil profile.  Alternatively, CLM has an inherent database that contains default 

parameterization schemes for each IGBP land cover.   

The results indicate that both CLM and LSP can be used with success in the 

convective climate and high water table environment of the southeastern US.  The two 

models were used to simulate a 13-day dry drown.  The simulations show that subsurface 

moisture content and surface energy fluxes provide good agreement with measured 

values.  Both models’ simulated soil temperatures show very good agreement as 

compared to measured temperatures.  The models were able to appropriately replicate the 

soil warming that occurred over the experimental period as well as the diurnal 

fluctuations. Both models simulated energy fluxes within expected error ranges.  When 

considering the field scale of the experiment, CLM performs quite well in comparison 

with the biophysically more sophisticated LSP model.  However, for use in the 

southeastern US, it is important to alter CLM’s baseflow generation physics mechanism 
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to account for the low relief topography of the region.  Overall, the experiment 

demonstrates potential for the application of both CLM and LSP in the southeastern US. 
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