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Project Objectives

We recently completed project DE-FG03-94ER61 930, “Fine-Mesh Treatment of the Land Com-

ponent of a Global Climate Model” that covered the period September 1994 to August 1998. We

report here our progress for that period.

The characteristics of land important for climate are very heterogeneous, as are the key atmo-

spheric inputs to land, i.e. precipitation and radiation. To adequately represent this heterogeneity,

state-of-the-art climate models should represent atmospheric inputs to land, land properties, and

the dynamical changes of land at the highest resolution accessible by climate models. The re-

search funded under this project focused on the development of an alternative approach to this

problem in which a sub-mesh is imposed on each atmospheric model grid square. This allows rep-

resentation of the land climate dynamics at a higher resolution than that achievable in the global

atmospheric models. The high spatial detail of the fine-mesh treatment provides not only a more

accurate representation of land processes to the atmospheric model, but also the opportunity for

direct downscaling of the surface climate.

The principal objectives were:

1.

2.

3.

4.

To complete the development of fine-mesh data structures in the VBATS model and its link

to CCM2;

To improve BATS model parameterizations;

To complete and refine fine-mesh atmospheric parameterizations; and

To conduct sensitivity studies.

The primary shift in goals has been to include and emphasize linkages to CCM3 which has

been publicly released as of May 1996. Following are summaries of all activities, more details can

be found in Appendices A–E.
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Overview

The core activity of our past CHAMMP project was the development of a 0.5 °1and sub-mesh un-

der the NCAR CCM. The basic framework of the fine-mesh model developed for two versions of

CCM and now named “CCM3/HRBATS” is complete. It includes a fully multi-tasked interface

routine general enough to allow for the use of different interaction schemes (i.e., the numerical

scheme used to interpolate atmospheric model variables to the fine mesh and integrate or aggre-

gate fine-mesh land fluxes to the atmospheric model resolution), and hence to providing for the

easy exchange of different interaction schemes and sub-grid scale parameterizations. The current

interaction scheme consists of a weighted area mean, but a more accurate scheme is in the pro-

cess of being implemented. The inclusion of the 0.5 °1and calculation into CCM3 increases the

execution time of the T-42 version by about 80%.

A prototype simulation with CCM3/HR-BATS was completed (prescribing only vegetation

at the fine-mesh resolution) for a 3-year period from 1979 to 1982 using observed sea surface

temperatures (provided by AMIP II). An example of the results available from this simulation is

presented in Figure 1. The upper two panels of this figure show the distribution of land cover

types for the continental U. S.: Figure 1a at T-42 resolution (i.e., that of the atmospheric mesh)

and Figure lb at 0.5 °(i.e., that of the high-resolution land mesh). The two panels immediately

below show the T-42 resolution latent heat flux from the control run (Figure lc) and the integrated

to T-42 resolution from the CCM3/HR-BATS run (Figure 1d), while the bottom picture shows

the latent heat flux at the 0.5 °resolution before averaging to the atmospheric mesh. The main

difference between the two latent heat fluxes at T-42 resolution (control versus high-resolution) is

in the horizontal smoothness of the field. Figure 1c and 1e show the large sensitivity of the latent

(and sensible) heat flux to the underlying land cover type. The aggregation of surface energy fluxes

from the 0.5 mesh should provide more realistic fluxes from a combination of one or more land

cover types than the control.

A second example of the advantages of the fine-mesh approach is shown in Figure 2. This

figure shows the water equivalent snow depth as represented by CCM3/HR-BATS. The amount of

detail of the fine-mesh wet only should provide a more accurate representation of land processes
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Figure 1: A and B: BATS vegetation classes at T-42 and 0.5° resolution for North America.

C and D: July averaged (1979-81) latent heat fluxes (Win) for the control (CCM3/BATS at

T-42) and CCM3LHR-BATS simulation aggregated to T-42 resolution. E displays the latent

heat flux on the original fine mesh (0.50).
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at the atmospheric model resolution but also offers direct down-scaling.

In a parallel research activity we have developed procedures to initialize land surface fields

in high-resolution GCMS. The adequate simulation of land surface processes in GCMS requires

a proper initialization of slow-varying fields like deep soil moisture and snow cover. Climate

modelers have usually relied on long-term simulations to provide a initial state of the land sur-

face. However, when integrating GCMS at very high resolutions (T-85 and above) this method

may be too costly. To reduce the “spin-up” time required to equilibrate soil moisture fields in

high-resolution CCM3/LSM simulations we initially integrate the model at lower resolution to

provide a “first guess”. The high-resolution simulation is then initialized by interpolation from the

lower-resolution “first guess” land surface fields and integrated to equilibrium. Some complexi-

ties arise in the interpolation, especially when the land surface scheme uses a mosaic approach.

This approach has been tested for both BATS (3-layer soil) and LSM (6-layer soil) versions of

CCM3. Figure 4 shows the globally-averaged monthly volumetric soil moisture for 3 LSM soil

layers (layers 1,4, and 6). The T-21 resolution simulation was integrated for 10 years. Land sur-

face fields were used to initialize a T-42 simulation for 3 more years. The dash-dotted line shows

the globally-averaged monthly soil moisture for a non-initialized T-42 simulation. The initial-

ization from a lower-resolution run has the most pronounced effects on the deepest soil layers.

This approach was used to initialize Climate Simulation Laboratory (CSL) simulations at T-63L,

T-127L, and T-19 lL resolution. More details on this simulations are included in a web page at

http://www.atmo. arizona.edu/land/hireswg.html which also includes on-line graphics and down-

load capabilities.

Although the basic framework of the CCM3/HRBATS model has been successfully imple-

mented, it has not yet been used for applications (e.g., extending the study with CCM2 of the

climatic impact of Amazon deforestation, Hahmann and Dickinson 1997) largely because the host

model has been a moving target. By the time we had developed software and expertise for the

integration and analysis of CCM2 on our local system and had implemented the fine-mesh ap-

proach, as planned in the original CHAMMP proposal, CCM3 became available for experimental

use (January 1996) and we had to start the process all over again with that model. Such delay will
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Figure 2: January averaged water equivalent snow depth (meters) for the Western U. S.:

control CCM3/BATS at T-42 (top), CCM3EIR-BATS aggregated to T42 (center), and

CCM3LHR-BATS on the original fine-mesh grid (bottom), simulations respectively.
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Figure 3: Time history of globally averaged monthly volumetric soil water content for a

non-initialized T21 CCM3/LSM simulations starting at year 1, and T-42 simulations start-

ing in September of year 10. One of the T42 simulations is initialized from the T21; the

other is not. The three panels show: top: O–O.1 m (surface layer); cente~ 0.7–1.5 m;

bottom: 3. 1–6.3 m (bottom layer).
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be minimized in our current proposal by targeting the next generation NCAR model, CCM4 rather

than CCM3, to the extent possible.

Our CHAMMP project has also worked toward improvement of land modeling capabilities. We

have emphasized making these improvements available to other DOE-supported climate modeling

activities and the community in general. Our more polished products have been made accessible

on web pages (http: //www.atmo.arizona. edu/land/uofaland. html), including the latest version of

the code by the standard BATS 1e, and a new treatment for deriving screen air temperatures in a

climate model.

In doing studies with Bonan’s LSM, it becomes clear that some important improvements could

be made in its multi-layer treatment of soil temperature and moisture. In particular, the numerical

accuracy and robustness were improved, and by increasing the number of layers from 6 to 10 and

by carefully selecting the layer structure, accurate solutions are obtained on all time scales greater

than an hour (for half-hour time steps). Because of the urgent need for such a scheme by other

DOE climate modelers, we developed careful in-code documentation according to CCM standards

and have given it out upon request, in particular to D. Randall at CSU for his GCM land model and

J.C. Doran at PNNL for his ARM project.

Another important parametrization is the seasonal dynamics of leaves as derived from model-

ing carbon assimilation and allocation. Dickinson et al. (1998) describe the concept and parame-

terizations for such an approach in BATS, as developed initially under DOE-WESTGEC funding.

The code for its limited implementation and testing in CCM2 was cleaned up, and moved to CCM3.

A surface sub-layer parameterization has been developed for bare soil, which, along with the

consideration of the laminar layer around vegetation leaves in BATS, provide a consistent approach

for the computation of surface fluxes over bare soil or vegetated surface. Analyses show that the

surface sub-layer tends to substantially increase the surface skin temperature for a given sensible

heat flux, and decrease the heat flux for a given surface versus air temperature difference. Forced

by atmospheric climate model output, the surface sub-layer significantly increases the monthly

and July-averaged hourly surface skin temperature, and decreases surface sensible heat and net

radiation fluxes (Zeng and Dickinson 1998).
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The past CHAMMP project also advanced the sub-grid parameterization of atmospheric in-

puts. Hourly (area-averaged) precipitation intensity, frequency, and amount from the NCAR

CCM21BATS have been compared with observed rain gauge data over the continental U.S. to

demonstrate that the use of GCM output to directly represent local values of intensities and fre-

quencies may lead to large errors in atmosphere-land coupling. Compared with observed gauge

data, model intensities are on average either 3 or 4 times less when drizzle is excluded or an order

of magnitude less when drizzle is included. Furthermore, the model precipitation has larger spa-

tial variability, larger diurnal variation, and longer maximum continuous wet and dry periods than

those observed (Chen et al. 1996). Based on this analysis, a simple regression equation has been

developed to adjust model precipitation intensity using air temperature at the first model level.

The adjusted precipitation intensity agrees much closely in pattern and magnitude with that locally

observed. This regression relation (Chen et al. 1998) provides a basis for estimation of fractional

precipitation coverage, as needed for the fine-mesh parameterization.
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