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Abstract 
In this study, we explored the performance of the cumulus convection parameterization 
schemes of Regional Climate Modeling System (RegCM) towards the Indian summer monsoon 
(ISM) of a catastrophic year through various numerical experiments conducted with different 
convection schemes (Kuo, Grell amd MIT) in RegCM. The model is integrated at 60KM 
horizontal resolution over Indian region and forced with NCEP/NCAR reanalysis. The simulated 
temperature at 2m and the wind at 10m are validated against the forced data and the total 
precipitation is compared with the Global Precipitation Climatology Centre (GPCC) 
observations. We find that the simulation with MIT convection scheme is close to the GPCC 
data and NCEP/NCAR reanalysis. Our results with three convection schemes suggest that the 
RegCM with MIT convection scheme successfully simulated some characteristics of ISM of a 
catastrophic year and may be further examined with more number of convection schemes to 
customize which convection scheme is much better.   
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1. Introduction 
The usage of Regional Climate Modeling 
System (RegCM) towards climate simulation 
has been steadily increasing over the years. 
It is widely used over India [1-5], Phippine 
[6], Iran [7], United States [8], Eastern Africa 
[9], Korean Peninsula region [10], Japan 
[11], Northern China [12], East Asia [13-14]. 
Previous studies show that RegCM 
successfully simulated the Indian summer 
monsoon (ISM). However, most of those 
studies are conducted either for a few years 
or climatological period with a single 
cumulus convection scheme of RegCM or 
through a sensitivity of different cumulus 
convection schemes of RegCM [15-17]. The 
1998 ISM season brought several incidents 
of socioeconomic loss. During this season, 
more than 2,800 casualties in India are 

reported due to extreme rainfalls and 
floods. Moreover, the extreme 
temperatures above 50°C were felt over 
some Indian regions during mid-May of 
1998 (during premonsoon) that resulted in 
at least 2,500 causalities. During June-
August of 1998 the upper-level monsoon 
ridge was reported stronger than average 
over the Indian subcontinent [18]. This 
study also suggested this ridge has a linkage 
to the features of a large scale circulation 
that caused extreme precipitations over 
Indian regions. However, studies are limited 
that conducted with sensitivity of various 
cumulus convection schemes in RegCM 
towards the ISM of catastrophic years. Thus, 
in this study an attempt is made to perform 
simulations with various convections 
schemes of RegCM to examine their 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 May 2021                   doi:10.20944/preprints202105.0647.v1

©  2021 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202105.0647.v1
http://creativecommons.org/licenses/by/4.0/


 2

performance towards the ISM of a 
catastrophic year.  
 
2. Data and Methods 
We used the RegCM version 3 [19-21] and 
used the radiation scheme of the National 
Centre for Atmospheric Research based 
CLM and the PBL scheme given by Holtslag 
et al. [22]. The feedback from land surface 
process and their interaction was given from 
the Biosphere Atmosphere Transfer Scheme 
and the convective precipitation was 
computed through one of the three 
cumulus convection parameterization 
schemes, viz., Modified-Kuo, Grell with two 
assumptions (Frisch-Chappell convective 
closure and Arakawa-Schubert convective 
closure), and MIT-Emanuel.  

The model domain was set up taking 
India as a center covering the region 62-
98ºE and 7-35ºN (Figure 1) at 60 km. We  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1: Model domain and Topography (in 
meter) at 60km resolution 

 
used 23 vertical levels and simulated for 
four continuous months starting from June 
through September (JJAS) for the year 1998. 
The NCEP/NCAR reanalysis (NNRP1) data 
was used to provide the initial and boundary 
conditions. The United States Geographical 
Survey (USGS) land use data was used to 
provide the terrain heights and land use. 
The simulations were performed through 

extensive sensitivity studies on three 
cumulus convection parameterization 
schemes (Grell, Kuo and MIT). Four 
numerical experiments were performed 
with each cumulus convection 
parameterization schemes viz. Grell with 
Arakawa-Schubert, Grell with Fritsch-
Chapel, Kuo, and MIT to test the suitability 
of schemes towards simulation of the 1998 
ISM.  
 
3. Results and Discussions 
 
3.1 JJAS Mean Surface Air Temperature 
The model simulated and NCEP/NCAR 
Reanalysis seasonal mean surface air 
temperature during ISM of 1998 i.e. JJAS are 
shown in figure 2a-e. It showed the JJAS 
mean surface air temperature that 
simulated by the Grell with Fritsch-Chapel 
(Figure 2a), Grell with Arakawa-Schubert 
(Figure 2b), Kuo (Figure 2c), MIT (Figure 2d) 
convection schemes and that of from NCEP 
(Figure 2e). It showed that the simulated 
JJAS mean temperature over Himalayan 
region agreed well with NCEP. It also 
showed that Grell scheme with both the 
closure assumptions (Fritsch-Chapel and 
Arakawa-Schubert) underestimated the JJAS 
mean temperature by 2ºC over Indo-
Gangetic region, 3ºC over Peninsular India 
and 1ºC over Bay of Bengal (Figure 2a, b, e), 
whereas the simulations from Kuo and MIT 
scheme agreed well with NCEP over Indo-
Gangetic, Bay of Bengal and under 
predicted by 2ºC over Peninsular India 
(Figure 2c, d, e). It was also observed from 
figure 2 that except the Kuo scheme, the 
model predicted the high temperatures 
over northwest India satisfactorily and 
agreed well with the forced data, whereas 
the Kuo scheme under predicted it by 3ºC. 
The overall analysis from each convection 
scheme of the model indicated the MIT 
scheme performed well towards the JJAS 
mean temperature of 1998. 
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Fig. 2: JJAS mean surface air temperature (in 
C) for (a) Grell with Fritsch-Chapel, (b) Grell 
with Arakawa-Schubert, (c) Kuo, (d) MIT 
convection schemes and (e) NCEP 
 
3.2 JJAS Mean Precipitation Rate 
Figure 3 presents the precipitation 
distribution of JJAS mean precipitation rate 
simulated by Grell (Figure 3a, b), Kuo (Figure 
3c), MIT (Figure 3d) scheme and computed 
from NCEP reanalysis (Figure 3e). The model 
derived JJAS mean precipitation rate was 
studied in this section and was validated 
against NCEP. It showed that except for the 
MIT scheme, the model under predicted the 
JJAS mean precipitation rate by 5 mm/day 
over Himalayan region, whereas the MIT 
scheme predicted higher by 2 mm/day. The 
Grell with Arakawa-Schubert and Kuo 
scheme under predicted the JJAS mean 
precipitation by 5 mm/day over Indo-
Gangetic region, whereas the simulation 
from Grell with Fritsch-Chapel scheme 
agreed with NCEP and MIT scheme 
predicted higher by 2 mm/day. Similarly, the 

Grell with Arakawa- Schubert and Kuo 
scheme under predicted the JJAS mean 
precipitation by 5 mm/day over Peninsular 
India and Bay of Bengal, whereas the Grell 
with Fritsch-Chapel and MIT scheme 
predicted higher by 2 mm/day over 
Peninsular India and 7 mm/day over Bay of 
Bengal. The overall analysis and 
precipitation distribution from each scheme 
of the model indicated that performance of 
the Grell with Fritsch-Chapel scheme 
seemed less suitable than MIT scheme. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Same as figure 2, but with JJAS mean 
precipitation rate  

 
3.3 Daily Surface Temperature over India 
Figure 4 presents the surface temperature 
averaged over India during June-September 
of 1998 for Grell, Kuo, MIT scheme and 
NCEP. It showed that Grell scheme with 
Fritsch-Chapel and Arakawa-Schubert 
underestimated the daily temperature by 
~3.3ºC during June and ~2ºC during July-
Sept, whereas Kuo and MIT scheme 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 May 2021                   doi:10.20944/preprints202105.0647.v1

https://doi.org/10.20944/preprints202105.0647.v1


 4

underestimates by ~2.6ºC and ~2.3ºC 
respectively during June and by ~1ºC and 
~0.7ºC respectively during July-Sept. This 
indicated that the MIT scheme performed 
better than Grell and Kuo.  
 
 
 
 
 
 
 
 
 
 
Fig. 4: Daily surface air temperature (in C) 
over India from June to September 
 
3.4 Accumulated Rainfall 
The simulated accumulated rainfall over 
India from the model, NCEP reanalysis, and 
the Global Precipitation Climatology Centre 
(GPCC) are given in figure 5. It showed that 
the Kuo scheme simulated 28mm of rainfall 
during June, 72mm during July, 56mm 
during August, and 28mm during 
September. Similarly, the Grell scheme with 
Arakawa-Schubert simulated 55mm, 
107mm, 90mm, and 54mm of rainfall during 
June, July, August, and September 
respectively. The Grell Scheme with Fritsch-
Chapel simulated 79mm, 189mm, 167mm, 
and 101mm of rainfall during each month of 
JJAS respectively. The NCEP reanalysis 
produces 198mm, 241mm, 205mm, and 
174mm of rainfall during each month of 
JJAS respectively. Similarly, the MIT scheme 
simulated 135mm, 253mm, 231mm, and 
149mm of rainfall during June, July, August, 
and September respectively. It was also 
observed from the figure 5 that GPCC 
showed 148mm, 255mm, 246mm, and 
159mm of rainfall during June, July, August, 
and September respectively. This indicated 
that the simulations from MIT scheme were 
more close to both the NCEP and GPCC than 
the other schemes of the model during JJAS.  

  
 
 
 
 
 
 
 
 
 
 
Fig. 5: Accumulated rainfall (in mm) over 
India for June, July, August, and September 
as simulated by the model, NCEP and GPCC 
 

The overall analysis indicated that 
the RegCM model with MIT scheme 
outperformed the JJAS temperature and 
precipitation compared to other two 
schemes. We believe our study will be 
useful for the researchers working on 
atmospheric dynamics, especially for 
extreme weather events. For instance, 
many recent studies revealed that extreme 
rainfall events over India may increase in 
future warming atmosphere according to 
the Clausius-Clapeyron relationship [23]. 
Furthermore, the land use changes also 
greatly influence the temperature [24-27], 
thus more accurate land use representation 
of the year of simulation may improve the 
simulated results. However, our preliminary 
results are based on the three convection 
schemes in RegCM. So we would like to 
prepare land use data [28-29] of the 
catastrophic year and further use more 
number of convection schemes [17] to 
examine which scheme performs better for 
catastrophic years.  
 
4. Conclusions 
The Regional Climate Modeling System was 
used to evaluate the performance towards 
the ISM of a catastrophic year through the 
sensitivity studies on the various convection 
schemes. The results indicated that the MIT 
scheme of the model successfully simulated 
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the JJAS mean surface air temperature. The 
result also indicated that the MIT scheme 
underestimated the accumulated rainfall 
during June-Sept when compared to GPCC 
and overestimated when compared to NCEP 
during JJAS. Our overall study indicated that 
the model could successfully simulate some 
characteristics of ISM of a catastrophic year.  
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