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ABSTRACT

Precipitation exhibits significant spatial variability at scales much smaller than the typical size of climate
model grid cells. Neglecting such subgrid-scale variability in climate models causes unrealistic representa-
tion of land–atmosphere flux exchanges. It is especially problematic over densely vegetated land. This paper
addresses this issue by incorporating satellite-based precipitation observations into the representation of
canopy interception processes in land surface models. Rainfall data derived from passive microwave (PM)
observations are used to obtain realistic estimates of 1) conditional mean rain rates, which together with the
modeled rain rate are used to estimate the rainfall coverage fraction at each model grid cell in this study,
and 2) the probability density function (pdf) of rain rates within the rain-covered areas. Both of these
properties significantly impact the land–atmosphere water vapor exchanges. Based on the above informa-
tion, a statistical–dynamical approach is taken to incorporate the representation of precipitation subgrid
variability into canopy interception processes in land surface models. The results reveal that incorporation
of precipitation subgrid variability significantly alters the partitioning between runoff and total evapotrans-
piration as well as the partitioning among the three components of evapotranspiration (i.e., canopy inter-
ception loss, ground evaporation, and plant transpiration). This further influences soil water, surface tem-
perature, and surface heat fluxes. It is shown that the choice of the rain-rate pdf within rain-covered areas
has an effect on the model simulation of land–atmosphere flux exchanges. This study demonstrates that land
surface and climate models can substantially benefit from the fine-resolution remotely sensed rainfall
observations.

1. Introduction

Accurate estimation of land–atmosphere flux ex-
changes is an important aspect of climate modeling.
However, because of the coarse resolution in climate
models, land–atmosphere interactions are not well rep-
resented. For example, the typical size of an atmo-
spheric general circulation model (AGCM) grid cell is
104–105 km2, while size of a typical convective rain cell
(associated with the most intense rain rates) does not
exceed an area of 100 km2 (e.g., Pitman et al. 1990).
This scale mismatch causes climate models to predict
very low rain rates, which represent grid averages in-
stead of local precipitation intensity. As a result, cli-
mate models often overestimate the amount of water
intercepted by vegetation canopy, which subsequently

leads to unrealistic representation of other hydrological
processes. In this paper, we investigate an approach for
improving the representation of canopy hydrological
processes using satellite-based precipitation observa-
tion.

There are three commonly used approaches to rep-
resenting the subgrid variability of land–atmosphere
processes. The mosaic approach (Avissar and Pielke
1989; Koster and Suarez 1992) divides each grid cell
into tiles of different vegetation types without consid-
ering the physical location of each tile within the grid.
Each tile interacts with the atmosphere independently.
This approach is flexible in that the number of vegeta-
tion types can be arbitrarily set, but is limited in the
description of subgrid atmospheric heterogeneity. The
fine-mesh approach explicitly represents the surface
spatial heterogeneities (Seth et al. 1994; Hahmann and
Dickinson 2001) by breaking each atmosphere grid into
subgrid cells at the land surface according to location.
In simulating the land–atmosphere exchanges, this ap-
proach disaggregates the atmospheric forcing from the
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atmosphere grid to the land surface subgrid cells and
aggregates surface fluxes from the subgrid cells to the
atmosphere grid. Although it easily incorporates sub-
grid-scale parameterizations, the fine-mesh approach is
expensive in computation. The statistical–dynamical
approach is more commonly used for addressing this
issue (Entekhabi and Eagleson 1989; Thomas and Hen-
derson-Sellers 1991; Avissar 1992; Bonan et al. 1993;
Mölders and Raabe 1996; Liang et al. 1996; Ghan et al.
1997; Ramírezj and Senarath 2000; Wang and Eltahir
2000). With this approach, land surface features are
characterized by multiple values within a grid cell, typi-
cally represented by some statistical properties (e.g.,
probability density function) of relevant variables de-
rived from historical data. It is easily implemented and
computationally efficient. Large amounts of historical
data may be required in order to derive the statistics
needed.

The statistical–dynamical approach has been used to
investigate the impact on hydrological processes of sub-
grid heterogeneity in soil moisture (Entekhabi and
Eagleson 1989), precipitation (Entekhabi and Eagleson
1989; Thomas and Henderson-Sellers 1991), stomatal
conductance (Avissar 1992), infiltration capacity
(Wood et al. 1992), and topography (Leung and Ghan
1995). Among these factors, it is widely accepted that
the subgrid variability of precipitation plays the domi-
nant role in land surface–atmosphere interactions (En-
tekhabi and Eagleson 1989; Gao and Sorooshian 1994;
Henderson-Sellers and Pitman 1992; Liang et al. 1996;
Ghan et al. 1997). When applied to the subgrid vari-
ability of precipitation, the statistical–dynamical ap-
proach assumes that the model-generated precipitation
only falls over a fraction � of the model grid cell; within
this fraction, precipitation is assumed to follow a cer-
tain statistical distribution. It has been shown that the
choices of precipitation coverage fraction as well as the
probability density function (pdf) used to model the
precipitation variability within the rain-covered area
greatly impact the hydrological processes (e.g., Pitman
et al. 1990). It is therefore essential to achieve a realistic
estimation of the fraction � and the corresponding pdf
type of rain rates.

Entekhabi and Eagleson (1989) estimated the rainfall
coverage fraction using a relationship between the frac-
tion area and the total storm depth. The U.K. Meteo-
rological Office (UKMO) sets � values according to
rainfall types, for example, 0.5 for large-scale rainfall
and 0.1 for convective rainfall. In reality, the coverage
fraction for a specific rain type depends on such factors
as location and season. Even in a single storm, � varies
during the life cycle of the storm (Eltahir and Bras

1993). Pitman et al. (1990) used different � values (i.e.,
0.1, 0.5, and 1.0) to investigate the effect of rainfall
coverage fraction on the partitioning between evapora-
tion and runoff over a tropical forest. Their simulation
results demonstrated that changing the fraction from
1.0 to 0.1 changes an evaporation-dominated hydrologi-
cal regime to a runoff-dominated one. Thomas and
Henderson-Sellers (1991) also showed that the land
surface hydrological processes were very sensitive to
the rainfall coverage fraction value. For a greater physi-
cal realism, Eltahir and Bras (1993) presented an ap-
proach that estimates rainfall coverage fraction as the
ratio of model-predicted rainfall intensity to intensity
inferred from observations, which allows for temporal
and spatial variations of the estimated rainfall coverage
fraction. Wang and Eltahir (2000) applied this ap-
proach in a regional climate model over West Africa
where ground observations of rainfall intensity were
available from the Hydrology–Atmosphere Pilot Ex-
periment in the Sahel (HAPEX Sahel). However, the
broader application of this approach in climate models
has been limited due to the lack of reliable and high-
resolution global precipitation data.

Statistical characterization of rain-rate variability
within rain-covered areas is another factor affecting the
model simulation of hydrological processes. Exponen-
tial pdf is frequently assumed for this purpose (Shuttle-
worth 1988; Pitman et al. 1990; Thomas and Hender-
son-Sellers 1991). However, the spatial distribution of
rain rate would vary with both rain regime and season.
To acquire realistic estimates of the rain rates’ pdf,
high-resolution global precipitation intensity data are
needed.

Global high-resolution rainfall observations are cur-
rently available based on passive microwave sensors
onboard a number of earth-orbiting platforms such as
the Special Sensor Microwave Imager (SSM/I) instru-
ment on the Defense Meteorological Satellite Program
(DMSP) satellites, the Advance Microwave Scanning
Radiometer (AMSR) aboard the Earth Observation
Satellite (EOS) Aqua, and the Tropical Rainfall Mea-
suring Mission (TRMM) Microwave Imager (TMI).
TRMM also carries the first space-based precipitation
radar (PR) providing the most accurate overland rain-
fall estimates currently available from space (e.g., Kum-
merow et al. 2000; Grecu and Anagnostou 2002). The
above sensors provide an opportunity to derive the con-
ditional mean and pdf of rain rates to be used in climate
models.

In this paper, a statistical–dynamical approach is de-
scribed that incorporates multiyear (2001–03) high-
resolution TMI rainfall estimates into the representa-
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