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Abstract 
 

This study evaluates the performance of a non-hydrostatic Regional Climate Model (RegCM) with 

two land surface parameterizations namely Biosphere-Atmosphere Transfer (BAT) scheme and 

Community Land Model (CLM) scheme on the simulation of summer monsoon over India.  The 

initial and boundary conditions are taken from ERA-Interim (ERA-I) reanalysis available at 0.75o 

spatial grid. The RegCM is designed with 25km horizontal resolution and 23 vertical levels and it 

integrated for the period 1st January 1982 to 30th September 2016. We used the NOAA Optimum 

Interpolation Weekly sea surface temperatures, the topography and land-use data from the United 

States Geological Survey, and Global Land Cover Characterization. 

Our results reveal that the summer monsoon precipitation anomaly is reasonably well simulated with 

BAT and CLM schemes compared to those of India Meteorological Department (IMD) observations. 

The spatial distributions of temperature anomaly over India with BAT compared to CRU shows cold 

bias over most of the Indian sub-continent, whereas the CLM shows large warm bias over central 

India and monsoon trough region. The low-level and upper-level winds are in good agreement with 

ERA-I. Further, the analysis of extreme monsoon events (i.e., excess and deficit seasons) reveals that 

CLM depicts less bias in simulating the excess and deficit precipitation regions as compared to those 

of BAT.  Conversely, BAT simulates temperature well over India in both excess and deficit monsoon 

seasons.  The Taylor’s diagram analysis, Added Value Index based on Mean Square Error, and 

Modified Brier Skill Score are also applied for the extreme rainfall seasons. Our quantitative analys is 

demonstrates that the CLM have resolved better rainfall features with more skills with respect to that 

of BAT. The results suggest that CLM have added value in Indian Summer Monsoon (ISM) regiona l 

climate simulation than the BAT, particularly on simulation of the rainfall characteristics during 

extreme rainfall seasons. 

 

Keywords: Indian summer monsoon, Regional Climate Model (RegCM), Land surface schemes, 

ERA interim reanalysis, excess and deficit monsoon seasons 
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1. Introduction 
 
India receives about 881 mm of rainfall during summer monsoon which is more than 70% to the 

annual rainfall. The India economy highly depends on the agricultural and industrial activities, which 

significantly depends on the Indian summer monsoon rainfall (ISMR). The monsoon forecasting is 

perplexing because of its great inter-annual variability and frenzied behaviour. In recent years, India 

has been witnessed by many extreme weather events of droughts and floods. Further, India is 

recording wetter and driest years and occasionally successive years (e.g., 2014 and 2015) are 

associated with the torrential rain events that flooded Mumbai in 2005, Uttarakhand in 2013, Chennai 

in 2015, and Kerala in 2018 and 2019. The ISMR is thus vital in the daily life of living beings of the 

region by influencing in fresh-water renewal, hydro-electricity production, sustenance of flora-fauna, 

and agricultural yields. Therefore, accurate monsoon prediction using advanced numerical weather 

and climate model such as Regional Climate Model (RegCM) is critical to design appropriate 

economic, agricultural and other policies.  

A significant role played by the land surface processes in simulating ISMR and associated circulat ions 

over Indian subcontinent. Therefore, an improvement in the models by means of representation of 

appropriate land surface characteristics is necessary in climate simulations of ISMR and its 

variability. The regional models are more appropriate for ISMR prediction and are extensively used 

for mesoscale climate forecasting than the global models (Srinivas et al., 2014; Raju et al., 2015). 

Also, the regional models have fine resolution with a reliable capability in resolving sub-grid scale 

processes. The RegCM model has been used widely (Giorgi et al., 2003; Giorgi et al., 2011; Raju et 

al., 2015; Karadan et al., 2021) in regional scale simulations, few studies (Maurya et al., 2017; Kumar 

and Dimri, 2021) have reported the effect of land surface processes on the ISMR. The lower boundary 

of the atmosphere controls the energy and water balances that manipulate the regional climate. The 

vegetation, soil moisture, temperature, and other land surface characteristics considerably control the 

surface energy balance plays major role on the atmospheric circulation and rainfall changes (Shukla 

and Mintz, 1982; Noilhan and Planton, 1989). The land-use/vegetation in the land surface schemes 
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in any model play a vital role especially in simulating the summer monsoon over India. In addition, 

soil moisture is also responsible in partitioning the incoming energy into the latent and sensible heat 

fluxes, which modulate air temperature, boundary-layer stability, precipitation, land surface 

processes, and climate predictions (Umakant et al., 2018). Numerous studies (Tiwari et al., 2015) 

have carried out to understand the influence of land surface parameters with ISMR using regiona l 

climate models. However, further understanding is needed through in-depth comprehension and with 

proper diagnostic investigation to fine tune the regional climate models during the summer monsoon 

periods.  

This study uses a non-hydrostatic RegCM4.7 over ISMR region to investigate the role of land surface 

characteristics in simulating ISMR. For this purpose, we performed model simulations using two 

different land surface schemes. This study determines the appropriate land-surface scheme for the 

simulation of precipitation and temperature over India during summer monsoon seasons. Further, this 

study also made an attempt in understanding the role of land surface characteristics on the simulat ion 

of summer monsoon climate and extreme monsoon seasons characteristics. Following Section 2 

provides the details of the model and experimental design. A brief description of land surface schemes 

discussed in Section 3. The results of our study are described in Section 4. Finally, the summary of 

the results is given in Section 5. 

 
2. Model and Experimental Design: 

This study uses the non-hydrostatic Regional Climate Model version 4. 7 (RegCM) developed at the 

Abdus Salam International Centre for Theoretical Physics (Giorgi et al., 2011). RegCM is a three-

dimensional atmospheric model with the Arakawa B horizontal grid system, terrain-following sigma 

coordinates, with different advanced physical processes such as turbulence mixing, grid-scale and 

sub grid-scale cloud processes, radiative transfer processes, and land-surface phenomena.  

The initial and lateral boundary conditions are derived from 6 hourly ERA Interim reanalysis  (ERA-

I) for the period 1st  January 1982 to 30 September 2016.  The optimal weekly interpolated  National 

Oceanic and Atmospheric Administration (NOAA) sea surface temperature (OI_WK_SST) 
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(Reynolds et al., 2002) are used for the entire simulation . The ERA-I data is available at 0.75º x 0.75º 

resolution and OI_WK SST data is available at 1ºx1º resolution. The topography and land-use data 

are taken from the United States Geological Survey (USGS) and Global Land Cover Characterizat ion 

(GLCC). We designed the RegCM with 25km horizontal and 23 vertical resolutions (surface to top 

of the atmosphere, 5 hPa ) and the domain, centred at 22ºN and 80ºE, covers the Indian Monsoon 

Region (Figure 1). The model simulations performed starting from 1st January 1982 to 30th September 

2016. We opted the University of Washington (UW) PBL (Bretherton et al., 2004) of boundary layer 

scheme, mixed convection scheme, i.e., Emanuel over land and Grell over Ocean (Emanuel, 1991), 

the SUBEX-Pal (Pal et al., 2000) explicit moisture scheme, and the Ocean flux schemes of Zeng 

(Zeng et al., 1998) for the entire simulation. Further, we have performed two different simulations by 

changing the land surface schemes such as Biosphere Atmosphere Transfer (BAT) scheme and 

Community Land Model version 4.5 (CLM) and studied the sensitiveness of the RegCM on the 

simulation of ISM features. The surface and atmospheric variables namely precipitation, temperature, 

soil moisture, and wind speed of the model output are considered for the analysis. More details of the 

model configuration are summarized in Table 1. The RegCM simulated ISMR features with BAT and 

CLM schemes are validated with those of the India Meteorological Department (IMD) rainfall data 

(Mitra et al., 2003). 

 
3. Land Surface Schemes 

3.1 Biosphere Atmosphere Transfer (BAT) Scheme: 

The BAT scheme (Dickinson et al., 1993) involves a vegetation layer, a snow layer, a force-restore 

model for soil temperatures, and a three layered soil scheme. The specified soil layers consists of the 

upper layer of thickness 10cms, the root zone layer of thickness 100cms, and the deep layer of depth 

1000cms (Gao et al., 1996). In the BAT scheme, the soil texture is designed as per the Food and 

Agriculture Organization (FAO) soil map of the world, the Land Cover (LC) is portrayed by Global 

Land Cover Characterization (GLCC) comprising 20 surface types, and contemplates 12 types of soil 

colours (Wilson, 1984). BAT finds surface roughness length from surface cover and bulk Richardson 
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number which is retrieved from the strengths of near surface layer circulation and corresponding 

temperature gradient, whereas  albedo is estimated based on fraction of vegetation coverage, soil 

moisture, snow age, and snow cover (Dickinson et al., 1993).  BAT utilizes the surface datasets of 

Leaf Area Index (LAI), allows for soil freezing and thawing, and it uses a regular fine scale surface 

sub-grid at every coarse model grid.  

 
3.2 Community Land Model (CLM) Scheme: 

The initial inception of Community Land Model (CLM) involves ten soil layers, five snow layers, 

and development of bio-geophysics including the carbon cycle, vegetation dynamics, river routing. 

The first layer is at 1.75cms depth, second layer is at 4.51cms, third is at 9.06cms, fourth is at 

16.56cms, fifth is at 28.91cms, sixth is at 49.29cms, seventh is at 82.89cms, eighth is at 138.28cms, 

ninth is at 229.61cms, and tenth is at 380.19cms (Han et al., 2014). Soil temperature calculated by 

Heat-diffusion equation method and the soil freezing and thawing is incorporated based on super 

cooled soil water method. This study uses the Moderate Resolution Imaging Spectro-radiometer 

(MODIS) 22-category land use parameters including 5 land units and 17 vegetation units. For soil 

texture and land cover types, the used dataset is International Geosphere Biosphere Program (IGBP) 

(Wang et al., 2015). In CLM scheme (Wang et al., 2004), the albedo for soil, snow, and vegetation 

are individually computed and weightage will be given for corresponding each area and will be used 

to compute the total albedo (α) .  

α = αsfs + αsnfsn + αvfv 

     fs + fsn + fv = 1 

where f represents fraction, s refers soil, sn stands for snow, and v is the vegetation. 

The CLM surface roughness length parameterization has good distinction between bare soil, 

vegetation, lakes, urban areas, snow, and glacier ice. 

Another major improvement in the CLM is the treatment of canopy processes: including a revised 

canopy radiation scheme, canopy scaling of leaf progressions, revisions to photosynthetic variables, 
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co-existing limitations (Bonan et al., 2011), acclimation of photosynthesis temperature, steadiness of 

iterative elucidation in the photosynthesis, and stomatal conductance (Sun et al., 1999a). CLM also 

have updated the hydrological process by including the fresh water lake model. A revised vertical soil 

biogeochemistry is incorporated using modified decomposition rates of water, soil temperature, and 

oxygen limitations. Furthermore, soil carbon and nitrogen vertical mixing is considered along with 

bioturbation, cryoturbation, and diffusion (Koven et al., 2013). The pre-existed meteorologica l 

dataset has been substituted by 1901-2010 CRUNCEP (Climatic Research Unit-National Centers for 

Environmental Prediction) forcing (Qian et al., 2006). The differences in the BAT and CLM schemes 

are shown in Table 2. 

 
4 Results and Discussions: 
 
This section analyses the RegCM model simulated results with two land surface schemes during 

Indian summer monsoon season over India for the period 1982 to 2016. The following section 

describes the role of different Land Surface Models (LSMs) on simulation of the mean summer 

monsoon climate and extreme years. Further, we have also performed the statistical analysis of 

Modified Brier Skill Score (MBSS) and Added Value Index computed based on mean square error. 

 

4.1 Simulation of Climatology  

The precipitation climatology of observed (IMD), model simulations of BAT and CLM, and the 

difference between model precipitation and IMD are given in Figure 2. The climatology is created 

from the long term mean of 1982-2016. The climatology characteristics (Fig. 2a) depict a reasonably 

high precipitation over west coast and central India. The simulations of BAT and CLM indicate (Fig. 

2b, c) considerable amount of rainfall over northeast-east India (Fig. 2a). However, both schemes 

better represent the fine exemplifications of seasonal scale rainfall characteristics of the monsoons. 

The monsoon shadow zone of the southern peninsular India and north-west India has shown 

consistent decency in CLM compared to that of BAT (Fig. 2d, e). The land surface feedbacks are 

better represented in CLM thereby improvements in producing the monsoon circulat ion 

This article is protected by copyright. All rights reserved.



  

characteristics (Attada et al., 2018). It is to be noted that both the schemes are underestimating the 

rainfall features over the orographic regions such as Western Ghats is mostly because of the 

limitations with the LSMs.  These results reveal that the land surface processes palpably have an 

impact on regional-scale precipitation simulation with strong hydroclimatic gradients (Steiner et al., 

2009). 

The climatology of temperature of CRU observation and model simulations with BAT and CLM is 

depicted in Figure 3. The arid and semi-arid regions of north-west India and central India depict 

higher temperatures whereas lower temperatures are seen over the western Himalaya and Nepal 

regions in both observed and model simulation with BAT and CLM (Figure 3a, b, c). Simulation with 

BAT depicting small variation of positive anomaly over central India and CLM with maximum 

temperature anomaly indicates CLM tend to produce more warming than the BAT. The mean 

differences between CRU and the model simulation with BAT and CLM clearly indicate that the BAT 

scheme is simulating the surface air temperature reasonably well as compared to CRU observation. 

On the other hand, the simulation with CLM shows large warm bias over north-west India compared 

to CRU. The present results are corroborating with the earlier findings over the Middle East-North 

Africa (MENA) and Central America regions (Almazroui et al., 2015; Diro et al., 2012) that the 

simulation with CLM tend to give warm bias than  BAT.  Further, surface soil moisture are analysed 

for RegCM simulations with BAT and CLM schemes along with the ERA reanalysis (Figure 4). 

Relatively high soil moisture of around 25 kg m-2 is observed over south India, north-east India, and 

Jammu and Kashmir regions in ERA reanalysis. Nonetheless, the regions such as north-west India 

and west Pakistan are found to be with comparatively lesser soil moisture content (Figure 4a). The 

BAT scheme is underestimating the soil moisture content over Indo-Gangetic and north-east India 

regions (Figure 4b) and the CLM exhibited a quite similar characteristics of ERA reanalysis. In 

particular, the central India, north-west India, south-east India, and Indo-Gangetic plain regions are 

depicting spatial features with soil moisture of around 15-20 kg m-2 (Figure 4c). In addition, BAT has 

not been as good as CLM in simulating the surface soil moisture over north-west India, central 
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Pakistan, and Indo-Gangetic plain regions with respect to ERA reanalysis (Figure 4d). The simulat ion 

with  CLM could able to capture the high soil moisture content over north-east India and north Tibetan 

plateau regions up to a certain extent. The bias between BAT and CLM with respect to ERA reanalys is 

(Figure 4d, e) indicates that the CLM scheme has been showing an added value simulation over 

central India, north-west India, north-east India, Pakistan, Afghanistan, and Indo-Gangetic regions, 

whereas BAT scheme has been quite well over southern peninsular India region. Nevertheless, the 

soil moisture distribution over the south-west Pakistan and western Himalaya regions have been 

witnessed with overestimated BAT and CLM characteristics. 

The circulation features simulated by RegCM with BAT and CLM scheme are analysed at low level 

(850 hPa) and upper levels (150 hPa) to assess the westerly jet and easterly jet during the India 

summer monsoon season respectively. The low level convergence of moisture maintained by the 

upper level divergence, which is strongly connected with Tropical Easterly Jet (TEJ). The low level 

wind circulation at 850 hPa during summer monsoon season for ERA-I, the model simulations with 

BAT and CLM, and its difference is shown in Figure 5. Both BAT and CLM have significant south-

westerlies over the Arabian Sea (AS) while in the northern region distorted north westerlies are also 

got exhibited. The maximum wind intensity of 16m sec-1 over the south-west AS and weak winds 

over the northern part of the subcontinent are observed. As the south-west region has intensified 

circulation characteristics which produces more monsoon precipitation. The north-westerlies are 

found to be converging with the south-westerlies at the central India which in turn makes the monsoon 

feeble. It is found that BAT and CLM are having weaker roughness length (figures not included) with 

respect to ERA over the study region which in turn assists overestimating the circulation patterns of 

both BAT and CLM (Figure 5). The circulation pattern over north Bay of Bengal (BoB) is found 

better with BAT whereas the wind pattern over north-west India and central India regions are better 

depicted in CLM. The upper level (150 hPa) circulation patterns for ERA-I and model simulat ions 

with BAT and CLM are presented in Figure 6. Both BAT and CLM has captured the mean upper level 

monsoon circulation pattern, i.e., easterly wind prevails below 20 oN (TEJ) and westerlies above 30 
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oN (subtropical westerly jet). On either side of these two wind regimes there is strong elongated 

anticyclonic circulation noticed in ERA-I, CLM and BAT, which is strongly associated with Tibetan 

anticyclone (Boos, 2015). The difference with respective to ERA-I, the BAT and CLM estimate weak 

easterlies below 10 oN.  

 

4.2 Simulation of Extreme Monsoon Seasons 

The extreme rainfall seasons are categorised based on 10% above (excess rainfall monsoon season) 

and below (deficit rainfall monsoon season) from long term averaged observed rainfall data for the 

period 1982 to 2016 (Bhat 2006). There were total 4 excess years and 9 deficit years occurred during 

the study period.  Figure 7 depicts the climatology difference between model simulations of BAT and 

CLM with respect to IMD gridded data for excess monsoon seasons (top panel) and deficit monsoon 

seasons (bottom panel). Both the simulations exhibit wet bias over central and north-east India, 

whereas a dry bias is noticed over west coast India during excess and deficit monsoon seasons. 

Nevertheless, BAT and CLM tend to produce wet bias during excess rainfall years over India (Figure 

7 a, b). However, CLM shows less bias compared to BAT. Similarly, during deficit monsoon season, 

the distribution of rainfall is reasonably well simulated by both the land surface schemes (Figure 7 c, 

d), nonetheless, the simulation with CLM shows less bias than BAT. The strong wet bias during the 

monsoon season is may be due to the strong low level circulation simulated by the model. In addition, 

a stronger cyclonic circulation over west central India during excess monsoon season (Figure 9a, b) 

than deficient (Figure 9c, d) which can induce more wet bias. 

The difference between model simulations (with BAT and CLM) and ERA-I for excess and deficit 

monsoon seasons are illustrated in Figure 8. BAT is having a more analogous temperature behaviour 

as that of observational data ERA-I (Figure 8 top panel). Meanwhile, CLM depicts a warm biased 

distribution. But, over certain pockets of north-east India, CLM also capture as good as BAT and 

ERA-I. Surface temperature features of ERA-I has recorded a high temperature of 35 0C or higher 

over the regions of north-west India. In representing the same, CLM has shown a close characterist ic 
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towards ERA-I. But, in overall, CLM is seen to be in a warm bias. The southern-peninsular India and 

central India characteristics of BAT is in good agreement with those of ERA-I (Figure 8, bottom 

panel). 

The difference of wind analysis between ERA-I and the model simulations with BAT and CLM is 

depicted in Figure 9. Both the simulations show south-westerly winds with maximum over AS, over 

central-south AS, south BoB, and over south peninsular India is greater than around 21 ms-1. The BAT 

and CLM capturing the wind pattern in a similar manner, but the intensity of winds over BoB is higher 

in CLM. The circulation pattern at 850hPa for deficit rainfall years (Figure 9 bottom panel) bring 

south-westerlies towards Indian landmass in ERA-I, BAT, and CLM. An intense winds found over 

west-central AS in all the three distributions. The circulation patterns over south BoB with CLM is 

more or less similar to those of ERA-I. Whereas simulation with BAT depicts an analogous 

characteristic as that of ERA-I in Deccan plateau region (Figure 9, bottom panel). 

 

4.3 Skill Score analysis 

The performance of the model over extreme years is scrutinized by evaluating Taylor’s diagram. A 

Taylor’s diagram analysis is most useful to evaluate the model performance by giving multiple-metr ic 

comparison in a single plot (Kumar et al., 2021). Specifically, correlation coefficient, standard 

deviation, and percentage bias of different models from a reference observation. The statistics 

presented for rainfall and temperature parameters here using the Taylor’s diagram is only for the 

excess and deficit extreme years. The performance of CLM and BAT are evaluated against IMD 

gridded observations and ERA-I. The diameter of the respective solid circle represents the extent of 

percentage bias of different markers. 

The metrics from Taylor’s diagram for extreme rainfall years (Figure 10a) show that the CLM found 

to be having dominant added value over BAT. For instance, the CLM rainfall for 1988 has a 

correlation of 0.35 with a standard deviation of only 1.1, whereas the BAT is showing a correlation 

of 0.15 and the standard deviation of 1.3. Similarly, the standard deviation of 1.2 for BAT and 1.1 for 
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CLM during 1983. CLM also performs better for the other excess rainfall years namely 1988 and 

1994 than BAT with reasonably less standard deviation and higher correlation coefficient. Greater the 

correlation better is the prediction skill. An analogous trend has been displayed in deficit rainfall 

regions but comparatively closer towards the reference observation of IMD rainfall. For example, the 

deficit year 1986 is better simulated in CLM than BAT with a correlation coefficient of 0.67 over 0.45 

of BAT, and standard deviation of 0.8 over 1.1 of BAT. Furthermore, 2002 characteristics show 0.8 

correlation in CLM with IMD and about 0.55 with BAT. The standard deviation of the same year has 

been higher for BAT of about 0.8, whereas CLM shows about 0.4. The only exception among added 

value performance of CLM was the trailing correlation coefficient of the year 2015 with a value of 

0.35 against the 0.55 of the same year’s BAT. Therefore, to summarize that the CLM scheme has 

better skill than the BAT scheme in predicting rainfall features for extreme rainfall years over India 

with reference to IMD gridded observation. 

The Taylor’s statistics of temperature during extreme monsoon seasons (Figure 10b) reveal a 

complete dominance of BAT over CLM in adding value to the simulation of temperature of extreme 

rainfall years. Both the excess and deficit rainfall seasons of BAT and CLM observed individua lly 

getting grouped together in Taylor statistics irrespective of other characteristics. The different markers 

representing BAT simulations grouped closer to the CRU observation reference data. Meanwhile, 

BAT simulations have been settled much apart from CRU and BAT markers. For instance, the deficit 

year 1982 has been represented better in BAT with 0.7 standard deviation and 0.85 correlation 

coefficient. A similar nature of BAT can be seen all over the selected years with dominant added 

value. 

 

Added Value Index and Modified Brier Skill Score: 
 
Added Value Index of Mean Square Error (AVIMSE) were estimated based on mean square error 

method as below (Di Luca et al., 2013; Dosio et al., 2015). 

 
AVI 

MSE
 = mean [(X

CLM
 - X

O BS
 )

2
] – mean [(X

BAT
 - X

O BS
 )

2
] 
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Positive values represent the added value of CLM and negative values point out the added value of 

BAT. The spatial characteristics of rainfall (Figure 11) for the excess year reveal that the CLM has 

added value than BAT. Particularly, over the regions such as north-west India, north-central India, 

Vidarbha, Sourashtra, Indo-Gangetic plain, southern peninsular India, etc. Nonetheless, BAT has also 

been performing fairly well over the north-east India and western central India. The distribution of 

rainfall for deficit year is witnessed with a decreased added value in CLM especially over north-

central India. However, the pattern of CLM added value has kept the same as in its deficit 

characteristics, albeit lower values. 

Unlike the rainfall features, the temperature pattern has better performed in BAT. Almost the entire 

domain is witnessed with the negative AVIMSE indicates the better performance of BAT. This 

predominance of BAT features is observed in north-central India, north-west India, Indo-Gangetic 

plain, eastern peninsular India, and southern peninsular India. However, CLM exhibited a better 

added value over Himalaya foothills even up to higher value of 1. 

Further, MBSS for excess and deficit monsoon seasons have been calculated as follow  

 

 

The MBSS analysis of extreme monsoon seasons (Figure 12) illustrates that the deficit year rainfall 

features of CLM has added value with positive values over negative values of BAT. In specific, the 

regions including north-central India, north-west India, Indo-Gangetic plain, and eastern peninsular 

India were well captured in CLM. Although, BAT performing better especially over Himalayan 

foothills, north-east India, and southern peninsular India. But, the monsoon shadow zone was well 

captured in CLM. It is corroborating with Taylor statistics and AVIMSE, the temperature spatial 

distribution was well simulated in BAT with negative MBSS values as per the equation. But, in 

specific regions of western part of India, Himalayan foothills, and of north-east India, CLM exhibited 

added value in MBSS.  

MBSS = 1 – MSE
CLM

 /MSE
BAT

      if   MSE
CLM

≤ MSE
BAT

 

This article is protected by copyright. All rights reserved.



  

Hence, it is clearly indicating that the CLM performance using RegCM has a higher added value on 

resolving the rainfall features, and BAT have higher added value in resolving the temperature 

characteristics especially during extreme rainfall years. 

 

5 Summary: 

The climatological characteristics and extreme Indian summer monsoon (ISM) features over India 

are investigated with the RegCM4 model using two different land surface schemes such as CLM and 

BAT. The model is forced with EIN75 interim data and was integrated for the period from 1982 to 

2016.  

The spatial precipitation of CLM and BAT for the ISM season (JJAS) are taken for the analys is. 

Although, the CLM and BAT overestimated the precipitation, however, CLM is slightly close to the 

IMD observations. The spatial temperatures show that CLM has warmer bias and BAT shows 

relatively better mild cold bias compared to the CRU observation. The soil moisture simulation has 

been performing better with the CLM than BAT with respect to ERA reanalysis data. 

Both BAT and CLM have significant low level (850 hPa) south-westerly flow over the Arabian Sea 

maximum wind intensity of 16m sec-1. The upper level wind pattern at 150 hPa gives depiction of 

convergence of westerlies with easterlies at central India. The easterlies are driven from the southern 

part of the terrain and westerlies are approached from the western side. Unlike the upper level wind 

characteristics, the surface level wind circulation is converged by south westerlies. 

Characteristics of deficit and excess monsoon seasons are also exhibits well in BAT and CLM. The 

rainfall simulation are well estimated in CLM whereas temperature simulated better in BAT scheme. 

The circulation intensity also captures well in the excess and deficit monsoon seasons with the 

simulations of BAT and CLM. 

The Taylor’s diagram statistics indicate that the CLM exhibits higher skills compared to BAT metrics, 

in particular to rainfall characteristics. Similarly, in AVIMSE and MBSS shows that the CLM is better 

performing in relative to BAT. The exceptionally outlying values of temperature Taylor metrics of 
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CLM partly remain unexplained by attributing its warm bias contribution towards extensive 

evaporation rates leading to higher precipitation. Concurrently, the temperature characteristics of BAT 

has also been  realistically adding values to the simulation of extreme rainfall seasons during ISM 

which is in good agreement with its corresponding spatial features. Overall, CLM has been adding 

values to the simulation with its performance with precipitation, soil moisture, and partly with wind 

characteristics. Meanwhile, BAT has been better performing temperature characteristics. 
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Table 1 – The Model configuration used 
 
Model RegCM4.7 
Dynamics Non Hydrostatics 
Model domain Indian region 
Resolution 25 km horizontal 
Latitude of projection origin 22 
Longitude of projection origin 80 
Model boundary conditions EIN75  
SST OI_WK – OISST Weekly optimal interpolation  
Model cumulous convection scheme Emanuel over land and Grell over ocean 
Model boundary layer scheme UW PBL 
Model moist physics scheme SUBEX-Pal 
Domain cartographic projection used ROTMER 
Vertical layers (top) 23 σ-vertical levels 
Analysis period 1982-2016 
Validation of analysis IMD Precipitation, CRU Temperature, ERA Soil 

moisture, and ERA wind circulation. 
 
 
Table 2 – Comparison of the BAT and CLM land surface schemes in RegCM4 
 BAT CLM4.5 
Number of soil layers 3 10 
Soil temperature calculation Force-restore method Heat diffusion equation 
Soil freezing and thawing Yes A new frozen soil model (super 

cooled soil water) 
Number of snow layers 1 5 
Land use parameters 20 (GLCC) 5 land units, 17 types represent 

vegetation 
Surface datasets Leaf area index MODIS products 
Soil texture FAO Soil Map of the world IGBP soil data set 

 
 
 
  

This article is protected by copyright. All rights reserved.



  

Figure Captions: 
 

 

Figure 1: Domain region for the simulation with corresponding topographic characteristics. 

 
Figure 2: Climatology (JJAS, 1982-2016) of rainfall (mm day-1) for a) IMD, b) BAT, c) CLM, d) 

BAT-IMD, and e) CLM-IMD. 
 
Figure 3: Climatology (JJAS, 1982-2016) of temperature (oC) for a) CRU, b) BAT, c) CLM, d) BAT-

CRU, and e) CLM-CRU. 
 
Figure 4 Climatology (JJAS, 1982-2016) of soil moisture (kg m-2) for a) ERA, b) BAT, c) CLM, d) 

BAT-ERA, and e) CLM-ERA. 

 
Figure 5 Climatology (JJAS, 1982-2016) of wind at 850hPa (m sec-1) of a) ERA, b) BAT, c) CLM, d) 

BAT-ERA, and e) CLM-ERA. 
 
Figure 6 Climatology (JJAS, 1982-2016) of wind at150hPa (m sec-1) of a) ERA, b) BAT, c) CLM, d) 

BAT-ERA, and e) CLM-ERA. 
 
Figure 7 The spatial distribution of rainfall (mm day-1) during excess monsoon seasons (top panel) 

for a) BAT-IMD, and e) CLM-IMD and deficit monsoon seasons (bottom panel) for e) BAT-
IMD, and e) CLM-IMD. 

 
Figure 8 The spatial distribution of temperature (oC) during excess monsoon seasons (top panel) for 

a) BAT-ERA, and b) CLM-ERA and deficit monsoon season (bottom panel) c) BAT-ERA, 
and d) CLM-ERA. 

 
Figure 9 The spatial distribution of wind at 850 hPa (m sec-1) during excess monsoon seasons (top 

panel) for a) BAT-ERA, and b) CLM-ERA and deficit monsoon season (bottom panel) c) 
BAT-ERA, and d) CLM-ERA. 

 
Figure 10 Taylor’s diagram characteristics during extreme monsoon seasons for a) Precipitation and 

b) Temperature. 
 
Figure 11: Spatial distribution of Added Value Index based on mean square error for composite of 

excess (left panel) and deficit (right panel) monsoon seasons. 
 
Figure 12 Spatial distribution of Modified Brier Skill Score for composite of excess (left panel) and 

deficit (right panel) monsoon seasons. 
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Figure 1 Domain region for the simulation with corresponding topographic characteristics. 
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Figure 2 Climatology (JJAS, 1982-2016) of rainfall (mm day-1) for a) IMD, b) BAT, c) CLM, 

d) BAT-IMD, and e) CLM-IMD. 
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Figure 3 Climatology (JJAS, 1982-2016) of temperature (oC) for a) CRU, b) BAT, c) CLM, d) 

BAT-CRU, and e) CLM-CRU. 
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Figure 4 Climatology (JJAS, 1982-2016) of soil moisture  (kg m-2) for a) ERA, b) BAT, c) 

CLM, d) BAT-ERA, and e) CLM-ERA. 
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Figure 5 Climatology (JJAS, 982-2016) of wind at 850hPa (m sec-1) of a) ERA, b) BAT, c) 

CLM, d) BAT-ERA, and e) CLM-ERA. 
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Figure 6 Climatology (JJAS, 1982-2016) of wind at150hPa (m sec-1) of a) ERA, b) BAT, c) 

CLM, d) BAT-ERA, and e) CLM-ERA. 
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Figure 7 The spatial distribution of rainfall (mm day-1) during excess monsoon seasons (top 

panel) for a) BAT-IMD, and e) CLM-IMD and deficit monsoon seasons (bottom 

panel) for e) BAT-IMD, and e) CLM-IMD. 
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Figure 8 The spatial distribution of temperature (oC) during excess monsoon seasons (top 

panel) for a) BAT-ERA, and b) CLM-ERA and deficit monsoon seasons (bottom 

panel) c) BAT-ERA, and d) CLM-ERA. 
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Figure 9 The spatial distribution of wind at 850 hPa (m sec-1) during excess monsoon seasons 

(top panel) for a) BAT-ERA, and b) CLM-ERA and deficit monsoon seasons (bottom 

panel) c) BAT-ERA, and d) CLM-ERA. 
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a) Precipitation 

 

 

b) Temperature 

 

 

 

 

Figure 10 Taylor’s diagram characteristics during extreme monsoon seasons for a) 

Precipitation and b) Temperature. 
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Figure 11 Spatial distribution of added value index based on mean square error for composite of 

excess (left panel) and deficit (right panel) monsoon seasons. 
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Figure 12 Spatial distribution of Modified Brier Skill Score for composite of excess (left panel) 

and deficit (right panel) monsoon seasons. 
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