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REGIONAL 
CLIMATE 
MODELING 
FOR THE 
DEVELOPING 
WORLD
The ICTP RegCM3 
and RegCNET

BY JEREMY S. PAL, FILIPPO GIORGI, XUNQIANG BI,
 NELLIE ELGUINDI, FABIEN SOLMON, XUEJIE GAO, 
SARA A. RAUSCHER, RAQUEL FRANCISCO, 

ASHRAF ZAKEY, JONATHAN WINTER, 
MOETASIM ASHFAQ, FAISAL S. SYED, 

JASON L. BELL, NOAH S. DIFFENBAUGH, 
JAGADISH KARMACHARYA, 
ABOURAHAMANE KONARÉ, 
DANIEL MARTINEZ, 

ROSMERI P. DA ROCHA, 
LISA C. SLOAN, AND 

ALLISON L. STEINER

P
 opulations in economically developing nations (EDNs) 
 depend extensively on climate for their welfare (e.g., 
 agriculture, water resources, power generation, industry) 

and likewise are vulnerable to variability in the climate system, 
whether due to anthropogenic forcing or natural processes. 
Furthermore, changes in atmospheric composition (e.g., green-
house gases and aerosols) and land cover are likely to signifi-
cantly alter regional climates (Nakicenovic et al. 2001), thereby 
affecting local socioeconomic development and livelihoods of 
EDN populations. Therefore, the evaluation of climate change 
and variability at seasonal-to-multidecadal time scales is of great 
benefit to these regions.
 Climate models, both global and regional, are the primary tools 
that aid in our understanding of the many processes that govern 
the climate system. In the past, a lack of computational resources 
has hindered the use of climate models by EDN scientists. However, 
in the last decade the computing power of the common desktop 
personal computer (PC) has dramatically increased  

Low-level and surface 
temperature output from 
the regional model for 
coastal South America—
a detail from Fig. 3.

Through modeling and international exchange, the 

Abdus Salam International Centre for Theoretical Physics 

is fostering advanced climate research in countries where 

scientific resources are often scarce. 



1396 SEPTEMBER 2007|

and the costs of both PCs and data storage devices 

have correspondingly decreased, thereby allowing 

EDN scientists to locally run complex climate models. 

The expertise required to configure and run such 

models has thus become a greater limitation to their 

widespread use in EDNs.

The Abdus Salam International Centre for 

Theoretical Physics (ICTP) was established in the 

early 1960s with the mission to foster the growth of 

science in EDNs. Within this mission, the ICTP Earth 

System Physics (ESP) section has further developed a 

regional climate model (RCM) specifically designed 

to suit the needs of scientists working in EDNs. 

The importance of regional climate modeling for 

involving EDN scientists in climate research was 

recently highlighted by Huntingford and Gash (2005). 

The latest version of the ICTP RCM, named the ICTP 

Regional Climate Model version 3 (RegCM3), is the 

third generation of a modeling framework originally 

described in Giorgi and Bates (1989); and Dickinson 

et al. (1989; RegCM1), and later upgraded as described 

by Giorgi et al. (1993a,b; RegCM2) and Giorgi and 

Mearns (1999; RegCM2.5).

The ICTP ESP section maintains and distrib-

utes RegCM3 to a community of users worldwide, 

and the source code is freely available for research 

purposes. In order to meet the needs of this broad 

research community, RegCM3 has been designed to 

be user-friendly and highly portable to a variety of 

computer platforms. Compared to previous versions 

of the model, several improvements to the physics 

packages that enhance model performance in tropi-

cal and subtropical regions have been implemented. 

In addition, the model can be interfaced with a wide 

range of large-scale boundary driving fields.

This community of RegCM3 users forms the 

basis of the ICTP-maintained Regional Climate 

Research Network (RegCNET). The overall purpose 

of RegCNET is to stimulate south–south and 

north–south scientific interactions on the topic 

of regional climate and impacts research and 

modeling, thereby helping to build and empower 

a community of scientists from EDNs. Here we 

define south–south as interactions between scien-

tists in EDNs, and north–south as those between 

scientists in economically advanced nations (EANs; 

north) and EDNs (south). The network is built upon 

common research interests in regional climate vari-

ability, predictability, and change, and the associated 

impacts among scientists in both EANs and EDNs. 

Although RegCNET researchers do employ other 

models and methods, the use of a common tool, 

RegCM3, helps to increase and strengthen interac-

tions within the network.

In the second section we describe the activities 

of RegCNET and then discuss its potential to build 

scientific capacity in the area of regional climate 

and impacts research. RegCM3, the main tool of 

RegCNET, is presented in the third section. We focus 

the discussion of RegCM3 on new developments in 

the model that have led to improved simulations over 

tropical and subtropical domains, thereby making 

the model a more useful tool for RegCNET scientists. 

Some illustrative results from these simulations are 

presented in the fourth section. Finally, a summary 

and future perspectives are presented.
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DESCRIPTION OF ICTP RegCNET. RegCNET 

was inaugurated during the First ICTP Workshop on 

the Theory and Use of Regional Climate Models in 

June 2003. It has four primary activities to foster 

south–south and north–south scientific interac-

tions on the topic of regional climate and impacts 

research, which are described below. Within the 

framework of RegCNET, scientists pursue regional 

climate research on a variety of topics, including 

regional climate change, prediction, and variability. 

RegCM3 is the primary tool used for this network; 

however, other tools are also used and encouraged, 

such as global models, observational datasets, and 

output from other model simulations. Recently, we 

broadened these topics to include some of the societal 

and ecological impacts of regional climate change and 

variability. The RegCNET Web site is maintained 

at users.ictp.it/RegCNET/. RegCNET performs the 

following functions.

Organize and host regular meetings at the ICTP. A 

main component of RegCNET is the organiza-

tion and hosting of workshops on regional climate 

research. These workshops emphasize regional 

climate modeling and include lectures on the 

theory and applications of RCMs, as well as hands-

on sessions on the use of RegCM3. Expert users, 

some of which are EDN participants from previous 

workshops, present and share their research, thereby 

allowing new participants to benefit from their ex-

perience. This provides an excellent opportunity for 

interaction with the greater scientific community. 

The First ICTP Workshop on the Theory and Use 

of Regional Climate Models, held June 2003, was 

attended by more than 70 participants from nearly 

30 countries, mostly EDNs. In order to encourage 

broad participation among scientists from EDNs, 

ICTP supports travel to and local expenses at the 

workshops for EDN participants. The ICTP work-

shops also provide opportunities for the community 

to discuss the future directions of RegCNET, further 

developments of RegCM3, and general needs of the 

EDN participants. At our most recent workshop in 

June 2006, training was provided in the use of two 

crop and two hydrological models with RCM data. 

Information on upcoming ICTP regional climate 

research workshops may be found at users.ictp.

it/RegCNET/activities.html.

Establish collaborative research projects. One of the 

main problems faced by EDN scientists is scientific 

isolation. To ameliorate this problem, a primary aim 

of RegCNET is the development of research projects 

designed and led by EDN scientists and to foster 

collaborations with experts in other countries. These 

collaborations typically include both south–south 

and north–south interactions. It is important to 

emphasize that the projects are designed and led 

by the EDN scientists, providing a greater sense of 

ownership and enthusiasm.

To help substantiate these collaborations, ICTP 

develops, maintains, and supports RegCM3, as well 

as a number of modeling and observational datasets. 

Scientific advice and supervision is provided to young 

scientists. In addition, the ICTP regular meetings 

provide forums to assess the progress of the projects, 

obtain feedback, and plan future activities.

An important measure of success is the publication 

of scientific results in internationally peer-reviewed 

journals. Collaborative research projects initiated at 

the June 2003 meeting resulted in the submission of 

21 articles (18 accepted) to a special RegCNET issue of 

Theoretical and Applied Climatology involving nearly 

40 authors from EDNs (Giorgi et al. 2006). Most of 

the papers were the direct result of collaborations 

between scientists in EDNs and EANs.

Support joint ICTP workshops in EDNs. The main goals 

of these workshops are to identify questions and prob-

lems of specific interest in regional climate research 

and to design and develop relevant collaborative 

projects. These workshops are also important for 

understanding and addressing local infrastructural 

problems faced by the EDN scientists. Compared 

with the ICTP-hosted workshops having participa-

tion from around the world, local experts from the 

region are more involved in the educational aspects 

of these on-site workshops. For example, Pakistani 

scientists who attended the inaugural workshop in 

2003 provided significant training at a joint Global 

Change Impact Studies Centre (GCISC)/ICTP work-

shop on regional climate modeling in Islamabad, 

Pakistan, in 2004.

The smaller size of these workshops allows for more 

targeted and individual attention to the participants 

and to their scientific and technical needs. As a result, 

these EDN-hosted workshops arouse a greater sense 

of ownership and enthusiasm in the collaborative 

effort. To date, such workshops have taken place in 

Islamabad, Pakistan (February 2004); Prague, Czech 

Republic (December 2004); Alexandria, Egypt (May 

2005); Accra, Ghana (January 2006); and Gaborone, 

Botswana (February 2007).

Award ICTP-sponsored short-term research visits. These 

visits allow scientists working in EDNs to stay in 
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residence at ICTP while working on independent 

and collaborative research projects, generally for a 

period of three to six months. These scientists have 

daily interactions with ICTP ESP scientists, as well 

as access to the ICTP infrastructure. In addition, 

since many of the EDN members of RegCNET have 

multiple scientific responsibilities in their home 

countries (which in some cases include considerable 

non-climate-related activities), these sponsored visits 

provide an opportunity to devote undivided thought 

and effort to regional climate research. Examples of 

research performed during such visits include the 

improvement of the representation of convection, 

aerosols, and dust. Others have researched the impact 

of land cover changes and increased greenhouse gas 

concentrations on climate. Most recently researchers 

have investigated impacts of climate variability and 

change on water resources and crops. Information 

on applying for an ICTP-sponsored educational 

opportunity can be found at www.ictp.it /pages/

education.html.

Maintain the RegCNET e-mail list. Apart from the 

workshops, the primary forum for RegCNET inter-

actions is an e-mail list (regcnet@lists.ictp.it). The 

list currently includes more than 250 members from 

both EDNs and EANs. Members discuss a variety of 

topics ranging from research ideas to project details. 

The interactions stimulated by the e-mail list give the 

community a greater sense of involvement, as well as 

encourage the progress of individual and collabora-

tive research projects.

DESCRIPTION OF RegCM3. ICTP RegCM3 

development encompasses efforts from a number of 

scientists worldwide. Some of the contributions were 

made by scientists from EDNs as a direct result of 

the RegCNET activities, such as the inclusion of the 

Massachusetts Institute of Technology (MIT) convec-

tion scheme and a dust module (see below). In this 

section, we first present a brief history of the RegCM 

system and then a description of new developments 

in RegCM3. The current release of RegCM3, as well as 

a beta version with features in testing, may be found 

at users.ictp.it/RegCNET/model.html.

RegCM history. Table 1 lists the various dynamical 

and physical packages of successive versions of the 

RegCM system. RegCM3 is an integration of the 

main improvements that have been made to version 

2.5 (RegCM2.5) as described in Giorgi and Mearns 

(1999). These improvements are in the representa-

tion of precipitation physics, surface physics, atmo-

spheric chemistry and aerosols, model input fields, 

and user interface. In addition, the model code has 

been modified for parallel computing. An impor-

tant aspect of RegCM3 is that it is user-friendly 

and operates on a variety of computer platforms. 

To that end, substantial changes have been made 

to the preprocessing, running, and postprocessing 

TABLE 1. Description of the progression of the versions of the RegCM system.

RegCM1 RegCM2 RegCM2.5 RegCM3

Primary 

references

Dickinson et al. (1989)

Giorgi and Bates (1989)
Giorgi et al. (1993a,b)

Giorgi and Shields (1999)

Pal et al. (2000)

Dynamics
MM4

Anthes et al. (1987)

MM5 (hydrostatic)

Grell et al. (1994)

MM5 (hydrostatic)

Grell et al. (1994)

MM5 (hydrostatic)

Grell et al. (1994)

Radiative 

transfer

CCM1

Kiehl et al. (1987)

CCM2

Briegleb (1992)

CCM3

Kiehl et al. (1996)

CCM3

Kiehl et al. (1996)

Boundary 

layer

Local

Deardorff (1972)

Nonlocal, counter-gradient

Holtslag et al. (1990)

Nonlocal, counter gradient

Holtslag et al. (1990)

Nonlocal, counter gradient

Holtslag et al. (1990)

Land surface
BATS 1a

Dickinson et al. (1986)

BATS 1e

Dickinson et al. (1993)

BATS 1e

Dickinson et al. (1993)

SUBBATS

Giorgi et al. (2003a)

Convective 

precipitation

Anthes–Kuo

Anthes (1977)

Grell (1993)

Anthes (1977)

Zhang and MacFarlane 

(1995)

Grell (1993)

MIT (Emanuel 1991)

Anthes–Kuo, Grell (1993)

Resolvable 

precipitation

Implicit

Giorgi and Bates (1989)

Explicit

Hsie et al. (1984)

SIMEX

Giorgi and Shields (1999)

SUBEX

Pal et al. (2000)

Aerosols and 

chemistry
Not available Not available

Qian and Giorgi (1999)

(no dusts)

Solmon et al. (2006)

Zakey et al. (2006)
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of the model. Furthermore, RegCM3 has options 

to interface with a variety of reanalysis and GCM 

boundary conditions to provide a full suite of simu-

lation options.

Dynamical core. Similar to RegCM versions 2 and 

2.5, the dynamical core of RegCM3 is based on 

the hydrostatic version of the fifth-generation 

Pennsylvania State University–National Center for At-

mospheric Research (PSU–NCAR) Mesoscale Model 

(MM5; Grell et al. 1994). It is a primitive-equation, 

hydrostatic, compressible, sigma-vertical coordinate 

model. We refer the reader to the MM5 documenta-

tion (Grell et al. 1994) and articles describing the 

previous releases of the model (Giorgi and Shields 

1999; Giorgi et al. 1993a) for more details.

Model physics. Many of the model physics packages 

in RegCM3 have been augmented since the release of 

RegCM2.5. These include the convective and noncon-

vective precipitation schemes, the land surface and 

ocean flux schemes, and atmospheric chemistry and 

aerosol modules. The radiative transfer package and 

planetary boundary layer scheme are still essentially 

unmodified, although small adjustments to some 

model parameters have been implemented.

PRECIPITATION. The formation of precipitation in 

RegCM3 is represented in two forms: resolvable 

(or large scale) and convective (subgrid). The re-

solvable precipitation is generally associated with 

large-scale systems that move relatively slowly in 

the vertical direction, and is most common in the 

winter hemisphere. Conversely, convective precipita-

tion typically occurs in the summer hemisphere and 

tropics at scales finer than 1 km. Because of its fine 

scale, convective precipitation must be parameterized 

in most climate models.

In RegCM3, the resolvable-scale precipitation 

is represented using the subgrid explicit moisture 

(SUBEX) scheme (Pal et al. 2000). SUBEX accounts 

for the subgrid-scale variability of clouds and includes 

formulations for the autoconversion of cloud water 

into rain water, the accretion of cloud droplets by 

falling raindrops, and the evaporation of falling rain-

drops. Cloud fractional cover is computed from the 

relative humidity, and clouds form when the relative 

humidity exceeds a certain threshold below grid cell 

saturation. In addition, the cloud liquid water thresh-

old for the formation of rainfall is based on empirical 

in-cloud observations of cloud liquid water amounts. 

The implementation of this scheme has been shown to 

substantially improve the simulation of precipitation, 

temperature, and other cloud-related variables over 

the continental United States (Pal et al. 2000).

The parameterization of convective precipitation 

still remains one of the most important sources of 

errors in climate models. Three options are available 

in RegCM3 to represent cumulus convection: 1) the 

modified Anthes–Kuo scheme (Giorgi 1991; Anthes 

1977); 2) the Grell scheme (Grell 1993); and 3) the 

MIT scheme (Emanuel and Zivkovic Rothman 1999; 

Emanuel 1991). The Anthes–Kuo and Grell schemes 

are well documented in articles describing results 

from the previous releases of the RegCM system (e.g., 

Giorgi et al. 1993b; Giorgi 1991).

The newest cumulus convection option to 

RegCM3 is the MIT scheme. Here we present a 

brief description of the scheme [more detailed 

descriptions can be found in Emanuel (1991) and 

Emanuel and Zivkovic Rothman (1999)]. The scheme 

assumes that the mixing in clouds is highly episodic 

and inhomogeneous (as opposed to a continuous 

entraining plume) and considers convective fluxes 

based on an idealized model of sub-cloud-scale 

updrafts and downdrafts. Convection is triggered 

when the level of neutral buoyancy is greater than 

the cloud-base level. Between these two levels, air is 

lifted and a fraction of the condensed moisture forms 

precipitation while the remaining fraction forms the 

cloud. The cloud is assumed to mix with the air from 

the environment according to a uniform spectrum of 

mixtures that ascend or descend to their respective 

levels of neutral buoyancy. The mixing entrainment 

and detrainment rates are functions of the vertical 

gradients of buoyancy in clouds. The fraction of the 

total cloud-base mass flux that mixes with its envi-

ronment at each level is proportional to the undiluted 

buoyancy rate of change with altitude. The cloud-base 

upward mass f lux is relaxed toward the sub-cloud 

layer quasiequilibrium.

In addition to a more physical representation of 

convection, the MIT scheme offers several advantages 

compared to the other RegCM3 convection options. 

For instance, it includes a formulation of the autocon-

version of cloud water into precipitation inside cumulus 

clouds, and ice processes are accounted for by allowing 

the autoconversion threshold water content to be tem-

perature dependent. Additionally, the precipitation is 

added to a single, hydrostatic, unsaturated downdraft 

that transports heat and water. Last, the MIT scheme 

considers the transport of passive tracers.

BIOSPHERE. Since RegCM2, the surface physics com-

putations have been performed using Biosphere–

Atmosphere Transfer Scheme (BATS) version 1e 
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(Dickinson et al. 1993), which describes the trans-

fer of energy, mass, and momentum between the 

atmosphere and biosphere. In RegCM3, additional 

modifications have been made to BATS in order to 

account for the subgrid variability of topography and 

land cover using a mosaic-type approach (named 

SUBBATS; Giorgi et al. 2003b). This modification 

adopts a regular finescale surface subgrid for each 

coarse model grid cell. Meteorological variables 

are disaggregated from the coarse grid to the fine 

grid based on the topographic differences between 

the subgrid and coarse grid. The BATS calculations 

are then performed separately for each subgrid cell, 

and surface fluxes are reaggregated onto the coarse 

grid cell for input to the atmospheric model. This 

parameterization showed a marked improvement in 

the representation of the surface hydrological cycle in 

mountainous regions (Giorgi et al. 2003b).

WATER BODIES. In RegCM3, water bodies can be 

categorized as open (e.g., oceans) and enclosed 

(e.g., lakes). The air–sea energy f luxes from open 

bodies are computed from prescribed sea surface 

temperatures (SSTs) with no two-way interaction. 

That is, the ocean affects the atmosphere, but the 

atmosphere does not affect the ocean. The energy 

f luxes from enclosed water bodies can be computed 

using one of two methods: either a column lake 

model with two-way interaction (Hostetler and 

Bartlen 1990) or the prescribed SST method used 

for open bodies.

In RegCM3, there are two parameterization 

options for computing fluxes from open water bodies: 

the BATS formulation and the newly implemented 

Zeng scheme (Zeng et al. 1998). BATS uses standard 

Monin–Obukhov similarity relations to compute the 

fluxes with no special treatment of convective and 

very stable conditions. In addition, the roughness 

length is set to a constant; that is, it is not a function 

of wind and stability. For these reasons, according 

to Zeng et al. (1998), the ocean flux computations 

of BATS tend to overestimate evaporation in both 

high and low wind conditions. The Zeng scheme 

describes all stability conditions and includes a 

gustiness velocity to account for the additional flux 

induced by boundary layer scale variability. Tests by 

Francisco et al. (2006) show that RegCM3 coupled 

with the Zeng scheme better estimates evaporative 

fluxes over the South Pacific Ocean.

ATMOSPHERIC AEROSOLS AND CHEMISTRY. Atmospheric 

aerosols are known to have a substantial impact on 

the climate system, especially at regional scales. An 

aerosol scheme accounting for sulfate, organic carbon, 

and black carbon aerosols is incorporated in RegCM3 

as described by Qian et al. (2001) and Solmon et al. 

(2006). Briefly, the scheme describes advection by 

atmospheric winds, diffusion by turbulence, vertical 

transport by deep cumulus convection, dry and wet 

removal processes, and gas and aqueous phase chemi-

cal conversion mechanisms. Wet removal both by 

resolvable- and subgrid-scale precipitation is param-

eterized as a function of the rate of conversion from 

cloud water to rain water and the hydrophilicity of the 

different aerosols. Surface dry deposition is calculated 

according to prescribed deposition velocities over 

land and water surfaces.

Both direct and indirect aerosol radiative effects 

are included in RegCM3 (Giorgi et al. 2003a). Direct 

radiative effects are accounted for by specifying the 

aerosol optical properties: extinction coefficient, 

single-scattering a lbedo, and an asymmetry 

parameter. Indirect effects are described by assuming 

that the effective cloud droplet radius depends on the 

aerosol mass concentration. This coupled aerosol–

chemistry model has been applied to the east Asia 

region (Giorgi et al. 2003a) and the Europe–Africa 

region (Solmon et al. 2006).

In addition, the coupling of a desert dust parame-

terization to the RegCM3 has recently been completed 

(Zakey et al. 2006) using a scheme based primarily on 

the work of Marticorena and Bergametti (1995) and 

Alfaro and Gomes (2001). The coupled RegCM3–dust 

model has been tested for dust storm cases as well as 

long-term simulations over an Africa–Europe domain 

by (Zakey et al. 2006).

Initial and boundary conditions. RegCM3 requires initial 

conditions and time-dependent lateral boundary 

conditions for the wind components, temperature, 

surface pressure, and water vapor. In addition, SSTs 

must be specified over oceans. An interface has been 

developed to easily port various reanalysis and GCM 

boundary conditions to the RegCM3 framework. To 

date, several global reanalysis products and GCMs 

have provided boundary conditions to RegCM3, 

including the National Centers for Environmental 

Prediction (NCEP)–NCAR reanalysis project 

(NNRP), 40-yr European Centre for Medium-Range 

Weather Forecasts (ECMWF) 40-yr Re-Analysis 

(ERA-40), NCAR Community Climate Model 

Version 3 (CCM3), ECHAM, Hadley Centre Climate 

Model (HadAM3), and fvGCM. In addition, RegCM3 

can be nested (one way) within itself or within other 

RCMs, including Providing Regional Climates for 

Impacts Studies (PRECIS; S. Krichak 2005, personal 
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communication) and MM5 (M. Ashfaq 2005, unpub-

lished manuscript).

Soil moisture is generally initialized according 

to the vegetation specification (e.g., desert = dry) 

(Giorgi and Bates 1989). However, if desired, soil 

moisture can be initialized according the Climate 

Prediction Center (CPC) datasets (Huang et al. 

1996; Fan and Van den Dool 2004) with a prescribed 

vertical profile according to Pal and Eltahir (2001) 

or using soil moisture from the driving model. The 

land cover is specified using the Global Land Cover 

Characterization (GLCC) version 2 data provided by 

the U.S. Geological Survey (USGS) Earth Resources 

Observation System Data Center (Loveland et al. 

2000). As with soil moisture, the soil texture class 

is generally prescribed according to the vegetation 

characterization (e.g., desert = sand). Alternatively, an 

interface exists to interpolate the Food and Agricul-

tural Organization of the United Nations (FAO) soil 

texture data (Webb et al. 1993) to the RegCM3 grid.

Examples of RegCM applications. RegCM3 has been 

run over various regions at grid spacings ranging 

from 10 to 100 km and simulation periods from days 

to decades to study a variety of scientific problems. 

Some of these applications include future climate 

change (Diffenbaugh et al. 2005; Gao et al. 2006a; 

Giorgi et al. 2004b), air quality (F. Meleux, F. Giorgi, 

and F. Solmon, unpublished manuscript; Solmon 

et al. 2006), water resources (Pal and Eltahir 2002), 

extreme events (Pal et al. 2004), agriculture (White 

et al. 2006), land-cover change (Gao et al. 2006b; 

Abiodun et al. 2007), and biosphere–atmosphere 

interactions (Pal and Eltahir 2003). In addition, some 

preliminary work has been performed using RegCM3 

for seasonal prediction applications (Rauscher et al. 

2006, 2007; Seth et al. 2006). This diverse range of 

applications and regions shows the versatility and 

portability of the RegCM system.

EX AMPLE CASES FROM TROPICAL 

BENCHMARK SIMULATIONS USING 

RegCM3. To test the performance of RegCM3, 

we carried out a series of benchmark simulations 

over a range of midlatitude and tropical regions. It is 

outside the purpose of this paper to provide a detailed 

validation of these simulations. Rather, we limit the 

present discussion to a brief illustration of the model 

performance by presenting results from three of 

the benchmark experiments over tropical domains: 

Africa, South America, and South Asia (Fig. 1). More 

detailed analyses of these simulations, as well as the 

other benchmark experiments, will be presented in 

papers currently in preparation. We focus here on 

tropical domains because of the RegCNET emphasis 

on EDNs. In addition, the RegCM system has already 

been shown to perform well over midlatitude regions 

[e.g., Pal et al. (2000) for North America; Giorgi et al. 

(2004a) for Europe; Steiner et al. (2005); and Gao 

et al. (2006c) for east Asia]. Apart from the domain 

locations and sizes, the model configuration for each 

simulation is identical (including the model param-

eters). Each domain has a horizontal grid spacing 

of 50 km and 18 levels in the vertical. The vertical 

levels are spaced such that the highest concentra-

tion is near the surface. In each simulation, the MIT 

scheme is used to represent convection and BATS is 

used to represent the land surface. We stress that us-

ing alternative physics options or parameters within 

a physics option can lead to substantially different 

and perhaps improved results. For example, Seth et al. 

(2006) showed that simulations over South America 

using the Grell convection scheme displayed a large 

dry bias in the austral summer (December–February; 

DJF) over the Amazon region that was absent in 

analogous simulations with the MIT scheme. In 

addition, while the effects of aerosols are not included 

in these simulations, they can significantly affect 

climate over these regions (e.g., Menon et al. 2002; 

Solmon et al. 2006).

The simulations are 14 yr in length (October 

1986–January 2000) and use boundary conditions 

from ERA-40. We analyze 14-yr climatological 

averages (1987–2000) of precipitation, surface air 

temperature, and low-level winds for one season in 

each region: June–August (JJA) for the West African 

monsoon system, January–March (JFM) for the South 

American monsoon system, and June–September 

(JJAS) for the South Asian monsoon system. These 

periods encompass the warm and wet seasons over 

the selected regions. The observations used for com-

parison with the model results are from the Climatic 

Research Unit (CRU) land surface temperature and 

precipitation 0.5° resolution dataset, from the CPC 

Merged Analysis of Precipitation (CMAP) 2.5° reso-

lution dataset for ocean areas, and from the ERA-40 

2.5° resolution product for low-level (sigma = 0.91) 

winds and air temperature over oceans. Generally 

speaking, the RCM solution should agree with the 

large-scale driving fields, but complex topography 

can cause some deviations. Such differences pro-

vide an example of the added value that is derived 

from the higher resolution of the RCM simulation. 

Furthermore, RCM precipitation and surface tem-

perature fields are often expected to deviate from 

those of the driving fields.
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West African monsoon climatology. During the north-

ern summer, the West African monsoon provides the 

region with most of its annual rainfall. A comparison 

between the simulated and observed precipitation 

fields shows that RegCM3 performs reasonably 

well in capturing the general rainfall patterns 

(Figs. 2a,b). Areas that have little or no precipitation 

are well located even at some relatively small scales 

(e.g., Madagascar) with a noticeable exception over 

the northwestern Sahel region; however, there is a 

tendency for the model to simulate excessive precipi-

tation over the wettest areas. In addition, the location 

of the core of the monsoon rainbelt [or inter-tropical 

discontinuity (ITD)] is simulated a few degrees too 

far north over West Africa. Preliminary simulations 

including the interactions 

of Saharan dusts show a 

tendency to reduce this bias 

by shifting the monsoon 

belt south and reducing the 

intensity of the precipita-

tion (F. Solmon 2007, un-

published manuscript).

Direct comparison to 

other RCM studies over 

West Africa is difficult, 

because the domains, years 

simulated, and seasons 

presented vary from study 

to study. Nonet heless , 

Afiesimama et al. (2006) 

found that in RegCM3 

simulations driven by NNRP 

version 2 data and using the 

Grell scheme, the ITD is 

simulated to the south of its 

observed location. Similarly, 

the ITD was located too far 

south in simulations using 

a modified version of MM5 

(Vizy and Cook 2002). In 

a 25-yr RCM experiment 

performed for West Africa 

using Max Planck Institute 

for Meteorology Regional 

Model (R EMO), Paeth 

et al. (2005) reproduced the 

spatial pattern of annual 

precipitation, but underes-

timated total precipitation 

by up to 25% over southern 

West Africa. In contrast, 

Gallée et al. (2004) found 

that Modèle Atmosphérique Régional (MAR) over-

estimated precipitation in August, and like RegCM3, 

placed the ITD north of its observed position. In 

addition, the precipitation maxima along the coast 

near Guinea/Sierra Leone and Cameroon were not 

well captured in their simulation.

Analysis of the low-level winds shows consis-

tency with ERA-40. Over regions where there is no 

precipitation, the winds are generally similar to the 

reanalysis in both magnitude and direction. In the 

high-convergence regions (i.e., West Africa), the 

winds tend to be too intense. This is particularly true 

for the monsoon region, where it can be seen that the 

intensity of the winds that enter the Guinea coast is 

too high. Although we are unable to demonstrate 

FIG. 1. Map of topography and land cover for each domain used in this study. 

The grid spacing in each domain is 50 km, but the number of grid points 

and therefore the physical domain size varies for each region. Note that the 

elevation scale differs for each domain.
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cause and effect, it appears that the enhancement of 

the winds and excessive monsoon convection interact 

with each other. This conclusion is supported by the 

fact that Vizy and Cook (2002) show the opposite 

effect; that is, the northward component of the low-

level f low is weaker than observed and associated 

with an ITD that is located too far south.

Over the ocean, the sigma 0.91 temperatures 

correspond well to the ERA-40 product (Figs. 2c,d). 

Over land regions, the 2-m temperature patterns 

agree well with the CRU data. In general, where the 

model overpredicts (underpredicts) precipitation, 

there is a tendency to underpredict (overpredict) 

temperature. An example of this feature can be seen 

over the core portion of the monsoon belt where the 

surface temperatures are underestimated by up to 

2°C. Over the Sahara desert areas, the model shows 

a tendency to overestimate temperature by 1°–2°C. 

These biases are of a similar magnitude to low-

level temperature biases 

observed in other RCM 

simulat ions over West 

Africa (e.g., Gallée et al. 

2004). Again, RegCM3 

si mu lat ions i nc lud i ng 

interactive dusts show a 

reduction in the surface 

temperatures over t he 

Sahara (F. Solmon 2007, 

unpublished manuscript). 

In addition, preliminary 

RegCM3 coupled w it h 

CLM3 simulations show a 

reduction in temperature 

bias, as well, precipitation 

bias (A. Steiner 2007, un-

published manuscript).

In summary, RegCM3 

performs fairly well in sim-

ulating the precipitation, 

low-level/surface tempera-

ture, and wind patterns 

over Africa during JJA. 

The biases seen in the 

simulations are similar in 

magnitude to (or in some 

cases smaller than) those 

observed in other RCM 

studies performed over 

West Africa. In particular, 

the main features of the 

West African monsoon 

are captured reasonably 

well, with a tendency for this particular configura-

tion of the model to overpredict the intensity of the 

monsoon.

South American monsoon system climatology. The 

Amazon Basin receives the majority of its precipitation 

during the Southern Hemisphere summer. RegCM3 

using the Grell convection scheme (RegCM3/Grell) 

has had some success in simulating the patterns of 

precipitation over tropical South America, although it 

underestimated the magnitudes of both precipitation 

and temperature (e.g., Rauscher et al. 2006; Fernandez 

et al. 2006; Seth et al. 2006). This problem was also 

present in RegCM2.5 (e.g., Qian et al. 2003; Seth and 

Rojas 2003) and in other RCMs (e.g., Nicolini et al. 

2002; Vernekar et al. 2003).

A comparison of our simulation to the CMAP/

CRU data demonstrates that RegCM3 using the MIT 

scheme performs reasonably well in simulating the 

FIG. 2. Maps of sigma 0.91 winds (m s–1), precipitation (mm day–1), and surface 

temperature (°C) for JJA 1987–2000 over Africa. (a) Validation precipitation 

and wind. (b) RegCM3 precipitation and wind. (c) Validation temperature. 

(d) RegCM3 temperature. The validation precipitation data are CRU over land 

and CMAP over ocean. The validation wind data are ERA40. The validation 

temperature data are CRU over land and ERA40 over ocean.
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distribution of precipitation over South America and 

its surrounding oceans during JFM (Figs. 3a,b). For 

the entire Amazon basin, the simulated precipita-

tion is within 10% of observations. In addition, the 

low-level wind patterns are in good agreement with 

the ERA-40 data. This corrects a tendency for weak 

northeasterlies observed in the simulations of Seth 

and Rojas (2003) and Rojas and Seth (2003) using 

RegCM2.5. The peak in precipitation at the entry 

region of the monsoon flow (near the mouth of the 

Amazon River) is accurately captured, as is the peak 

in the southern Amazon. Furthermore, the relatively 

dry conditions over northeast Brazil and Colombia 

are also well simulated.

Over the Andes, RegCM3 reproduces the location 

of the precipitation peaks, but tends to overpredict 

precipitation in the steepest topographical slopes. This 

is a common occurrence in RCM simulations of South 

America (e.g., Qian et al. 2003; Fernandez et al. 2006; 

Vernekar et al. 2003; Misra et al. 2002; Seth and Rojas 

2003). Recent tests with RegCM3 indicate that this 

overprediction occurs when the curvature of the model 

topography is largest (e.g., transition from the ocean 

to the Andes) and that light topographical smoothing 

applied in such regions can alleviate the problem. Over 

the ocean, the location of the Atlantic ITCZ is well 

placed, but its primary core is slightly weak. This is 

likely due to the excessive precipitation simulated at the 

eastern boundary of the domain over the ITCZ.

Over land, the spatial distribution of surface 

air temperature is quite accurately reproduced 

(Figs. 3c,d), in particular the locations of the 

local minima and maxima. Temperatures in the 

simulation, however, are underestimated over the 

Amazon Basin by 1°–2°C and are overestimated 

in northern Argentina and Paraguay by the same 

amount. Over ocean, the sigma 0.91 temperatures are 

generally well represented, with a slight warm bias 

(about 1°C) over the Atlantic portion of the ITCZ 

where precipitation is underestimated.

Overall, the use of the MIT convection scheme 

leads to improved simulation precipitation, tempera-

ture, and low-level wind patterns compared to the 

RegCM3/Grell configuration of Seth et al. (2006) 

and to previous versions of the RegCM system. 

Furthermore, RegCM3 appears to perform better 

than a suite of four RCMs (including RegCM2.5) 

evaluated in an intercomparison project over South 

America (Roads et al. 2003).

South Asia monsoon climatology. Climate models have 

traditionally had considerable difficulty simulating 

the characteristics of the 

South Asia monsoon pre-

cipitation (Webster et al. 

1998). This is likely due in 

part to the region’s complex 

topography and coastlines, 

which are typically not well 

resolved in GCMs. RCMs, 

however, improve upon 

the representation of these 

characteristics (Giorgi et al. 

2001). As with the other 

simulations, the general 

observed precipitation pat-

terns are fairly well simulat-

ed over both land and ocean 

(Figs. 4a,b). The locations of 

high precipitation areas over 

the western Ghats, Nepali 

upslopes, and Indo-China 

Peninsula coastal areas are 

accurately placed. Of par-

ticular note, the RegCM3 

simulates the peak in cen-

tral eastern India, though 

a few degrees to the south. 

This peak is not captured FIG. 3. Same as Fig. 2, but for JFM (1987–2000) over South America.
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by most GCMs, including 

most models used in the 

most recent Intergovern-

mental Panel on Climate 

Change (IPCC) report (J. 

Karmacharya et al. 2006, 

unpublished manuscript). 

The direction and magni-

tude of the low-level f low 

patterns associated with the 

monsoon are also accurately 

simulated, except for an 

overestimation in the south-

ern flank of the monsoon jet 

core. It should be noted that 

the model simulates the rain 

shadow over southern and 

central India; however, the 

overall positive precipita-

tion bias makes it somewhat 

difficult to distinguish.

Because of the complex 

nature of the monsoon pro-

cesses over South Asia, 

there is little intermodel 

consistency in the represen-

tation of precipitation (e.g., 

Ramel et al. 2006; Park and 

Hong 2004; Hassell and 

Jones 1999; Rao et al. 1994). 

The overall qualitative performance of RegCM3 is 

similar to that of these studies; in some regions, the 

RegCM3 simulation compares more favorably with 

observations (e.g., Himalayan upslopes), while in 

other regions less favorably (e.g., rain shadow over 

southern India).

The temperature patterns and magnitudes are well 

simulated, with biases predominantly less than 2°C 

(Figs. 4c,d). In areas where precipitation is overesti-

mated, temperatures are overestimated (e.g., western 

Ghats). As in the Africa simulation, higher-than-

observed temperatures are simulated in semi-desert 

and desert regions, particularly over eastern Pakistan. 

The overall bias is again in line with previous RCM 

studies over South Asia that include comparisons to 

surface temperature observations (e.g., Hassell and 

Jones 1999; Rao et al. 1994).

SUMMARY AND FUTURE PLANS. In this 

paper, we present the recently inaugurated ICTP 

Regional Climate Network, or RegCNET, and the 

newly released ICTP RegCM3. RegCNET is a net-

work aimed at fostering climate research in EDNs 

by creating south–south and north–south scientific 

interactions on the topics of regional climate and 

impacts research and modeling. The success of 

RegCNET is demonstrated by a rapid growth in 

interest and participation since its establishment in 

June 2003. In particular, an especially noteworthy 

product of RegCNET is a special issue of Theoretical 

and Applied Climatology (Giorgi et al. 2006), which 

include 18 papers led mostly by EDN scientists.

The future activities of RegCNET will continue to 

address the wide variety of locally specific problems 

faced by EDN scientists, which often require specifi-

cally designed solutions. Therefore, a primary aim of 

future RegCNET activities will be to hold more on-site 

workshops in EDNs in addition to the regular RegCNET 

workshop series at ICTP. For example, a workshop of 

this type was held in Botswana in 2006, and another 

workshop will be conducted in Turkey in 2007.

Another goal is to expand RegCNET research 

activities, in particular toward the application of 

climate model output to impact studies of particular 

interest to EDNs. In this regard, increased focus 

will be on climate impacts on hydrology and water 

FIG. 4. Same as Fig. 2, but for JJAS (1987–2000) over south Asia.
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resources, agriculture and food production, and air 

quality. The primary focus of the 2006 biannual 

RegCNET workshop was to provide training in 

the use of RCM and GCM output to drive two 

hydrological and two crop models.

Funding is crucial to the success of RegCNET, 

which has already started to generate some signifi-

cant resources for scientists in EDNs. For example, 

an Asia-Pacific Network for Global Change (APN) 

project involving institutes in Bangladesh, India, 

Nepal, and Pakistan was recently awarded for 

RegCNET-related work. In addition, two Global 

Change SysTem for Analysis, Research and Training 

(START) fellowships were awarded to scientists in 

Ivory Coast, Niger, and Nigeria. At a larger scale, 

the European Union project Central and Eastern 

Europe Climate Change Impact and Vulnerability 

Assessment (CECILIA), which investigates regional 

climate and impacts over Central and Eastern Europe, 

originated from RegCNET.

Thus far, funding for RegCNET activities has relied 

on the interest and commitment of the participants. 

It is, however, critical to the growth of RegCNET to 

pursue funding sources directly for RegCNET. In 

this regard, there are a number of organizations and 

programs that aim at promoting climate research 

in EDNs, such as START, APN, and Assessments 

of Impacts and Adaptations to Climate Change 

(AIACC). It is important that RegCNET develops 

some synergistic interactions with these programs in 

order to enhance its effectiveness and impact.

Along these lines, we plan to formally establish 

collaborations between EDN institutes and the ICTP. 

These institutes would act as hubs for the coordina-

tion of RegCNET activities in their regions. This 

could include the pursuit of funding for collaborative 

research projects and the provision of infrastruc-

ture for high-computation facilities. We are in the 

initial stages of developing such partnerships with 

the Global Change Impact Studies Centre (GCISC) 

in Islamabad, Pakistan, and the Kofi Annan Centre 

of Excellence in Information and Communication 

Technology (ICT) (KACE) in Accra, Ghana.

Concerning the RegCM system, we describe a 

number of important developments and improve-

ments relative to previous versions. In particular, 

a pointed effort was made to improve the model 

applicability over tropical regions. The illustrative 

examples shown here indicate a generally good level 

of performance within this context. More detailed 

analyses of these benchmark simulations, along with 

simulations of climate in additional regions will be 

presented in future publications.

At present, RegCM3 is a f lexible, portable, and 

user-friendly system that can be applied to a wide 

range of scientific problems, from process studies to 

seasonal prediction and climate change applications. 

Future developments envisioned for the RegCM 

system include a gradual increase in horizontal reso-

lution afforded by ever-increasing computing power 

and a move to a nonhydrostatic dynamical core. 

Higher resolution will also require improvements 

in the cloud microphysics representation. Consis-

tent with the general trend in climate modeling, we 

are also working toward a fully coupled regional 

climate system model framework. In this regard, 

efforts are underway to couple RegCM3 with the 

MIT ocean model. In addition, two dynamic land 

surface schemes [CLM3 and Integrated Biosphere 

Simulator (IBIS)] will be available upon completion 

of testing. Within the next few years, RegCM will 

evolve into a fully coupled nonhydrostatic regional 

climate modeling system.

It is important to reemphasize that many of the 

model developments and improvements described in 

this paper have resulted from interactions and feed-

back within the ReCNET community. Substantial 

contributions to model development from the 

RegCNET community include the implementation, 

testing, and refinement of the MIT convection 

scheme, the dust and carbon aerosol modules, and 

the Zeng ocean f lux scheme. These significant ad-

vances of RegCM3 provide strong evidence of the 

mutually advantageous partnerships catalyzed by 

RegCNET.

The RegCNET Web site is located at users.ictp.

it/RegCNET and the RegCNET forum on regional 

climate, impacts, and associated issues is accessible 

by e-mail (regcnet@lists.ictp.it). RegCM3 is available 

online and free of charge for community use at users.

ictp.it/RegCNET/model.html.
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