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Abstract  
 

The present study investigates intraseasonal variability with focus on 10-20 day period of 

Intraseasonal Oscillation (ISO) associated with south Asian summer monsoon. Atmosphere-

only simulations of three Geophysical Fluid Dynamics Laboratory (GFDL) General Circulation 

Models (GCMs) from Atmospheric Model Intercomparison Project (AMIP) of Coupled Model 

Intercomparison Project phase 5 (CMIP5) are used. Results suggests that it remains 

challenging for atmosphere-only simulations of GFDL GCMs from CMIP5/AMIP to faithfully 

represent the amplitude and periodicities of two ISO modes namely 30-60 day and 10-20 

day, along with propagation characteristics of 10-20 day mode, despite higher horizontal 

resolution . 



Summary 

During boreal summer season, intraseasonal variability of south Asian monsoon is 

manifestation of a superposition of 10-20 day and 30-60 day intraseasonal oscillations and is 

considered as the primary building block of south Asian summer monsoon.  The quasi-

periodic variability of boreal summer intraseasonal oscillation determines the strength of 

the seasonal mean monsoon.  Due to profound consequences of south Asian summer 

monsoon rainfall variability on economy and society, it is essential to understand the 

complex space–time characteristics of the intraseasonal variability, its simulation and 

prediction.  In contrast to the extensive research devoted toward understanding the 

genesis, scale-selection and spatial structure of 30-60 day oscillation of south Asian summer 

monsoon, very few studies have addressed these features of 10-20 day mode. Therefore, in 

the present study, key aspects of 10-20 day mode of intraseasonal oscillation has been 

examined using atmosphere-only simulations of three Geophysical Fluid Dynamics 

Laboratory (GFDL) General Circulation Models (GCMs) from Atmospheric Model 

Intercomparison Project (AMIP) of Coupled Model Intercomparison Project phase 5 (CMIP5).  

Two of the GCMs are GFDL high resolution atmospheric models at different horizontal 

resolution and third “GFDL-CM3” model is of moderate resolution with updated 

atmospheric model component.  There are substantial deficiencies in the simulation of 

intraseasonal variability of south Asian summer monsoon, in particular no model is able to 

capture the pronounced spectral peak corresponding to 30-60 day period and the 

periodicity of simulated oscillation tended to be too short (< 30 days).  Intraseasonal 

oscillation with 10-20 day period is associated with westward propagation from the western 

tropical Pacific to Arabian sea along the monsoon trough.  Only “GFDL-CM3” model 

simulated westward propagation of 10-20 day mode in low-level zonal wind, though the 

extent is less than observed.  In conclusion, the ability of three GFDL GCMs from 

CMIP5/AMIP to simulate intraseasonal variability of south Asian summer monsoon has 

remained problematic, irrespective of high horizontal resolution and updated atmospheric 

model component.   
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The 10-20 day intraseasonal variation of the South Asian summer monsoon 

simulated by GFDL models in the AMIP experiment of CMIP5  

 

Sujata K. Mandke, Prasanth A. Pillai and A. K. Sahai 

 Indian Institute of Tropical Meteorology, Pune, India 

 

 Abstract 

 

 The ability of three Geophysical Fluid Dynamics Laboratory (GFDL) General 

Circulation Models (GCMs) to simulate the intraseasonal variability with focus on 10-20 day 

period of Intra-seasonal Oscillation (ISO) associated with South Asian Summer Monsoon has 

been studied as part of the Atmospheric Model Intercomparison Project (AMIP) of Coupled 

Model Intercomparison Project phase 5 (CMIP5).  Atmosphere-only simulations of three 

GFDL GCMs prescribed with observational sea surface temperature (SST) and sea ice as 

forcing during the period 1979-2008, were evaluated by comparing with observations. Two of 

the GCMs are GFDL global High Resolution Atmospheric Model (HiRAM) and third 

“GFDL-CM3” model is of moderate resolution.  The two HiRAMs namely “GFDL-HIRAM-

C180” and “GFDL-HIRAM-C360” are same but have different horizontal resolutions. 

“GFDL-CM3” model has updated version of atmospheric component compared to HiRAMs.    

 

 During boreal summer season (June-September), all three GCMs capture broad 

features of observed distribution of mean precipitation and zonal wind at 850hPa (U850) 

reasonably well. However, there are several notable differences between GCMs and 

observation in regard to details of mean precipitation such as location and strength of 

Intertropical Convergence Zone, precipitation peak over south east equatorial Indian ocean 

and Bay of Bengal.  Low-level westerlies over Asian region extends too far eastward in two 

HiRAMs. Onset of monsoon in GCMs matches observed onset except it is late in "GFDL-

HIRAM-C180" model.  Peak precipitation during summer monsoon season over central 

Indian region is overestimated by “GFDL-CM3” model.  Power spectrum analysis of summer 

season outgoing longwave radiation (OLR) averaged over extended India, equatorial Indian 

ocean and Bay of Bengal revealed that none of the GCMs has captured the dominance of 30-

60 day mode of ISO, except “GFD-HIRAM-C180” over equatorial Indian ocean.  In general, 

over all four key domains, there is a tendency for GCMs to simulate shorter period  (< 30 

days) of ISO than in the observation.   
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 Variance of summer season unfiltered U850 in two HiRAMs compare well with 

observation, except differ over Indian land region and Arabian sea.  All three GCMs captured 

variance of 10-20 day filtered U850, but for slight overestimation over Indian ocean.  

Similarly, variance of unfiltered and 10-20 day filtered OLR in two HiRAMs resemble 

observation. “GFDL-CM3” overestimates both unfiltered and 10-20 day filtered OLR 

variance, particularly overestimates intraseasonal variance over Indian ocean.  Westward 

propagation of 10-20 day mode of ISO in observed U850 is evident from west Pacific to 

Indian summer monsoon region. “GFDL-CM3” model displayed coherent westward 

propagation in U850 but the extent is less as compared to observation.  Both HiRAMs failed 

to capture westward propagation of 10-20 day mode of ISO in U850.  Results of the study 

suggests that it remains challenging for atmosphere-only simulations of GFDL GCMs at 

higher horizontal resolution to faithfully represent two modes of ISO namely 30-60 day and 

10-20 day including their amplitude, periodicities and propagation characteristics. 
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1. Introduction 

 

 The tropical atmosphere exhibits intraseasonal variability (ISV) in the form of 

intraseasonal oscillations (ISO), on time scales between weather and climate.  The ISV in the 

tropics is of considerably larger magnitude and plays an extremely important role in the 

nature and evolution of the Asian summer monsoon (ASM) (Waliser, 2006).  During summer 

monsoon season, ISV of ASM is dominated by quasi-periodic ISO (referred here as Boreal 

Summer Intraseasonal oscillations; BSISO) in the form of wet (active) spells of above-normal 

rainfall, separated by dry (break) spells  of below-normal rainfall (Goswami, 2005; Rajeevan 

et al., 2010), on time scales longer than 10 days but shorter than a season.  These active/break 

phases of South ASM are manifestations of the superposition of westward propagating high 

frequency 10-20 day mode (Krisnamurthy and Bhalme, 1976; Krishnamurthi and Ardunay, 

1980; Chen and Chen, 1993) and northward propagating low frequency 30-60 day mode 

(Yasunari, 1979, 1980, 1981; Sikka and Gadgil, 1980, Lau and Chan, 1986; Mehta and 

Krishnamurthy, 1988, Gadgil, 1990, Wang and Rui, 1990; Annamalai and Sperber, 2005 

among others).   ISV generated by ISO, is highly complex inherent mode of variability within 

the ASM system, one that govern its active and break periods (Gadgil and Asha, 1992, Gadgil, 

2003, Webster et al., 1998; Annamalai and Slingo, 2001), modulates the embedded synoptic 

variability (Goswami et al., 2003) and significantly influence the seasonal mean and its 

interannual variability (Krishnamurthy and Shukla, 2000; Goswami and Ajayamohan, 2001). 

The amplitude of ISV of ASM rainfall is much larger than that of the interannual variability of 

seasonal mean (Goswami, 2005). Consequently this ISV is extremely important for rainfall 

predictions and their socio-economic applications. Comprehensive review on all facets of ISV 

of ASM region is available (Goswami, 2005; Wailser, 2006 and references therein). 

   

 Simulating the space-time features of the BSISO is still difficult test for most General 

Circulation Models (GCMs), not only for initial atmospheric GCMs (AGCM) (Gadgil and 

Sajani,   1998; Rajendran et al., 2002; Waliser et al., 2003; Klingaman et al., 2008 among 

others), but also for the latter atmosphere-ocean coupled GCMs (CGCM) (Kemball-Cook et 

al., 2002; Fu et al. 2003; Fu and Wang 2004; Zheng et al. 2004; Rajendran and Kitoh, 2006; 

Mandke et al., 2013; Sur et al., 2013, among others), to the recent state-of-the-art CGCMs 

intercomparisons (Lin et al., 2008; Sperber and Annamalai, 2008; Xavier et al., 2008; 

Sabeerali et al., 2013 among others).  Recently, number of international research groups 

carried out a set of climate runs for the Coupled Model Intercomparison Project phase 5 
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(CMIP5).  These GCMs runs has been conducted for the Intergovernmental Panel on Climate 

Change (IPCC) Fifth Assessment Report (AR5) (Taylor et al., 2012).  Some CMIP5 

modelling groups performed experiments with different resolutions and some also made 

Atmospheric Model Intercomparison Project (AMIP) simulations, in addition to the standard 

coupled runs. Possible causes for the difficulties in BSISO simulation by GCMs cannot be 

understood, as there are several differences in the model treatments among GCMs.   

Experiments are therefore needed to examine the effect of different treatments for the same 

physical or dynamical processes using a single model.  This prompted us to consider single 

model from National Oceanic and Atmospheric Administration (NOAA) Geophysical Fluid 

Dynamics Laboratory (GFDL), which is able to simulate modest Indian summer monsoon 

climatology (Mandke et al., 2007) and relatively robust BSISO (Waliser et al., 2003; Lin et 

al., 2008; Sabeerali et al., 2013).  Simulations of the same model at diverse horizontal 

resolution comprising of ultra-high, high and medium resolution are available only for GFDL 

and MRI models in CMIP5 AMIP.  We have selected GFDL model in the present study as our 

aim is to study the dependence of intraseasonal activity on model's horizontal resolution.  A 

worthwhile extension of this study will be to examine ISV simulations of MRI model at 

diverse resolution.  Recent intercomparisons (Lin et al., 2008; Sabeerali et al., 2013) have 

shown that the current state-of-the-art CGCMs also have difficulties in representing the 

BSISO over ASM.  Thus, we have selected atmosphere-only simulations of three versions of 

GFDL GCMs from CMIP5 AMIP experiment.  While considerable attention has been paid to 

address 30-60 day mode of ISO, not many studies address the 10-20 day ISO mode. So our 

emphasize is on 10-20 day mode of ISO. 

 

 In view of the above scientific background, in the present study, we attempt to 

examine the ISV of ASM with emphasis on 10-20 day mode of ISO in three GFDL GCMs' 

simulations from CMIP5 AMIP. Two of the GCMs are GFDL global High Resolution 

Atmospheric Model (HiRAM) have different horizontal resolution while the third model 

“GFDL-CM3” has relatively lower horizontal resolution compared to HiRAMs and also 

includes updated version of atmospheric component.  The research report is arranged as 

follows: Details of both model and observed datasets followed by the analysis methods are 

introduced in section 2.  Description of results is given in section 3.  Section 4 provides the 

conclusion. 
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2. Datasets and methodology 

 

2.1 Model and observed datasets 

  

  Simulations from three GFDL GCMs participating in AMIP experiment of CMIP5 are 

analyzed in the present study.  Brief details of the selected GCMs are listed in Table 1, 

indicating horizontal and vertical resolution. Further information on individual GCMs are 

available (at http://cmip-pcmdi.llnl.gov/cmip5/; https://www.gfdl.noaa.gov/model-

development/).  “Time-slice” integrations of present-day climate period (1979-2008) from 

AMIP are used, in which AGCMs are integrated with observed sea surface temperature (SST) 

and sea ice as lower-boundary conditions at the oceanic grid points.  Brief summary of the 

CMIP5 experimental design is described by Taylor et al. (2012). HiRAM is based on 

atmospheric component AM2 (Anderson et al., 2004), with increased horizontal resolution 

and simplified parameterisations for moist convection and large-scale cloudiness (Zhao et al., 

2009; Chen and Lin, 2011; Held and Zhao, 2011).   Atmospheric component AM3 of “GFDL-

CM3” model is updated version, with improved atmospheric physics and chemistry, which 

include interactive tropospheric and stratospheric chemistry, chemistry-climate feedbacks, 

land and ocean carbon cycles and cloud-aerosol interactions (Donner et al., 2011).    

 

 Precipitation, Outgoing longwave radiation (OLR) and zonal wind at 850hPa (U850) 

for 'r1i1p1' ensemble of three GFDL GCMs are used.  The ensemble identifier 'r' denote 

model integration initialized from different times of a control run, letter 'i' distinguish between 

initialization of models with different methods and letter 'p' for different perturbed physics.  

The output from these models is stored at GFDL's data portal and is publicly accessible 

(http://data1.gfdl.noaa.gov/).  We have used multiple observed datasets along with reanalysis 

data for validation of GCMs simulations.  

 Global Precipitation Climatology Project (GPCP) 1
0 

long
 

x1
0 

lat resolution 

precipitation data (Adler et al., 2003) 

 NOAA interpolated daily mean OLR data (Liebmann and Smith, 1996). 

 Daily gridded data of U850 from National Centre for Environmental Prediction- 

National Centre for Atmospheric Research (NCEP–NCAR) reanalysis (Kalnay et al., 

1996) 

 

http://cmip-pcmdi.llnl.gov/cmip5/
https://www.gfdl.noaa.gov/model-development/
https://www.gfdl.noaa.gov/model-development/
http://data1.gfdl.noaa.gov/
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2.2 Methodology 

 

 The ability of GCMs to simulate the intraseasonal variation has been studied by 

identifying dominant periodicities through power spectrum analysis.  Times series power 

spectra is estimated using Fast Fourier Transforms method.  Power spectrum is calculated 

from seasonally stratified OLR based on 122 days seasonal period from 1
st
 June-30

th
 

September. Unfiltered anomaly data are averaged over region and the spectra are calculated 

separately for each year.  From each segment, time mean is removed. The spectra are then 

averaged across all years for the given season.  The ISO calculation is based on 10-20 day 

band pass filtered (Duchon, 1979) daily anomaly of precipitation, OLR and U850. 

3. Results 

3.1 Seasonal mean monsoon 

 

 Better representation of ISO in a GCM is intimately related to the ability of the GCM 

to simulate seasonal mean climate (Slingo et al., 1996; Gadgil and Sajani, 1998; Waliser et al., 

2003; Ajayamohan and Goswami, 2007).  Therefore, analysis of a number of relevant mean 

fields is an important beginning for assessment of BSISO simulations by GCMs.  For 

example, characteristics of convective mean state that are relevant to BSISO include 

latitudinal and zonal locations of the Intertropical Convergence Zone (ITCZ), and a realistic 

simulation of lower tropospheric westerly winds,  especially their zonal extent across the 

warm pool of the Indian and Pacific oceans. Mean fields such as precipitation and U850 for 

boreal summer season from June-September are presented in Figure 1. Comparison of mean 

precipitation from GPCP observation and three GCMs is illustrated in Figure 1(a-d) 

respectively.  Similarly, figure 1(e-h) shows mean U850 from NCEP reanalysis observation 

and three GCMs respectively.  An essential condition for simulation of BSISO in GCMs is to 

realistically simulate the summer-mean climatology of precipitation, especially the three main 

precipitation centers located over equatorial central-eastern Indian ocean, Bay of Bengal, and 

the tropical west Pacific (Sperber and Annamalai, 2008). Precipitation maxima over 

equatorial central-eastern Indian ocean is overestimated and extend westward in all three 

GCMs, which is surplus in “GFDL-CM3” model (Figure 1d).  Location and intensity of Bay 

of Bengal centre varies among all three GCMs and also differ from observation.  There are 

several notable differences between GCMs and observation in regard to details such as 

location and strength of ITCZ over Pacific ocean. Most significant bias in three GFDL GCMs 
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simulations is the location and intensity of ITCZ over Pacific ocean.  Both HiRAMs tend to 

simulate two zonal bands of precipitation in the central Pacific ocean.  ITCZ over central 

Pacific ocean in “GFDL-CM3” model is shifted farther southward as compared to 

observation.  There is excess precipitation over central Indian region and rain shadow region 

over south-east peninsular India is narrower in “GFDL-CM3” model than observed.  All three 

GCMs exhibit divergence in capturing the intensity, location and spatial extent of small 

precipitation maxima over west coast of India.   

 

 In the northern hemisphere, westerly winds are noticed in observed mean U850, 

especially their zonal extent across the warm pool of Indian and west Pacific oceans, while 

easterlies are observed in the southern hemisphere (Figure 1e). In both HiRAMs, in northern 

hemisphere westerlies extends too far eastward (Figure 1(f-g)), more stronger and farther in 

“GFDL-HIRAM-C180”, leading to eastward extension of ITCZ and thus larger precipitation 

over this extended region of westerlies (Figure 1(b-c)) than observed (Figure 1a).  On the 

contrary, zonal extent of westerlies in “GFDL-CM3” is less (Figure 1h) compared to that in 

observation (Figure 1e).  In addition, northward extent of westerlies over India in both 

HiRAMs (Figure 1(f-g)) is in good agreement with observation (Figure 1e), while in “GFDL-

CM3” model (Figure 1h), it is relatively southward. Strength and extent of southern 

hemisphere easterlies are simulated realistically by all three GCMs.   

 

3.2 Annual cycle of precipitation 

 

 The Annual cycle of precipitation averaged over an area (65
0
E-88

0
E, 18

0
N-28

0
N) 

over Indian region is delineated for three GCMs and corresponding GPCP observation in 

Figure 2.  This region is selected because significant rainfall fluctuations between active and 

break spells occur over this region (Rajeevan et al., 2010).  Monsoon onset in "GFDL-

HIRAM-C360" and "GFDL-CM3" models matches with observation while onset is late in 

"GFDL-HIRAM-C180".  Precipitation exceeds observation from mid-June till December and 

maxima during summer monsoon is much larger in “GFDL-CM3” model.  It is evident from 

figure 2 that "GFDL-HIRAM-C180" overestimated precipitation in the post monsoon season.  
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3.3 Power spectrum analysis 

 

 Power spectrum averaged over four key domains (described in Table 2) is computed, 

to reveal GCMs capability to produce ISV.  Power spectrum of OLR from NOAA observation 

and three GCMs averaged over extended India (EIND) is illustrated in Figure 3(a-d) and over 

Indian ocean (IO) in Figure 3(e-h) respectively.  Similarly, power spectrum from observation 

and three GCMs over other two domains namely Bay of Bengal (BB) and West Pacific 

(WPAC) are shown in Figure 4(a-d) and Figure 4(e-h) respectively.   The null, 5% and 95% 

red noise significance levels are included for the power spectra delineated in both figures 3(a-

h) and figure 4(a-h).     

 

 Power spectrum of observed OLR over EIND clearly shows two prominent peaks 

significant at 95%, one in low-frequency mode of 30-60 day and other in relatively higher 

frequency band (20-30 day), separated from synoptic variability (<10 days).   All three GCMs 

fail to produce 30-60 day peak over EIND.  Both HiRAMs simulated only high frequency 

synoptic scale (period < 10 day), while “GFDL-CM3” model captured peak corresponding to 

20-30 day scale in addition to synoptic scale (<10 day) over EIND.  All GCMs also exhibit 

spurious large power (which is not significant at 95%) in low-frequency band of period 

greater than 100 days over EIND.  Spectra of observed OLR over IO display peak 

corresponding to 30-60 day period with significant power separated from quasi-biweekly (10-

20 day) and synoptic scale. “GFDL-HIRAM-C180” is able to represent all these period bands 

over IO, though power is considerably less than observed. Inability of “GFDL-HIRAM-

C360” and “GFDL-CM3” in simulating 30-60 day period over IO is clear from figure 3(g-h), 

while they successfully simulated quasi-biweekly and synoptic scale over this region.   

  
 Spectral peaks at 30-60 day, 10-20 day and less than 10 days significant at 95% are 

evident in the observed spectra over BB. With the exception of low-frequency 30-60 day 

peak, other spectral peaks over BB are well simulated by all three GCMs.  Observation 

suggests dominance of significant power for periods less than 30 days over WPAC, which are 

credibly captured by all three GCMs.  

 

 GCMs failed to capture observed low frequency mode (period > 30 days) of ISV over 

all four domains, except for “GFDL-HIRAM-C180” over IO.  On the contrary, all three 

GCMs simulate significant power in relatively higher frequency band (period < 30 days).  

This implies that GFDL models mean rain has a considerable contribution from the high 

frequency events. 
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3.4 Variance patterns of 10-20 day mode of ISO 

 

 In preceding sections climatological features and ISV of ASM were assessed.  In this 

subsection, performance of GCMs in simulating unfiltered daily as well as intraseasonal 

variance of 10-20 day mode of ISO in U850 and OLR is examined.  Spatial structure of 

variance of unfiltered U850 (contours) during summer season (June-September) for NCEP 

observation and three GCMs are depicted in Figure 5(a-d) respectively. In the same figure 

5(a-d), prominence of 10-20 day mode of ISO is emphasized by shading the percent variance 

accounted by the 10-20 day band relative to unfiltered variance.  Identical illustration of 

unfiltered variance (contour) and intraseasonal 10-20 day mode variance (shade) of OLR for 

NOAA observation and three GCMs is shown in figure 5(e-h) respectively.  Comparative 

performance of unfiltered U850 variance between GCMs and observation shows that over 

Pacific ocean all GCMs resemble observation, while over Indian land region GCMs differs 

from observation. Over Indian ocean “GFD-HIRAM-C180” matches with observation, while 

other two GCMs disagree.  Observation (Figure 5a) shows three centres of maxima of 10-20 

day variance of U850 over northern India, central equatorial Indian ocean and south BB.  

“GFDL-HIRAM-C180” (Figure 5b) captured these three maxima well, while other two 

GCMs (Figure 5 (c-d)) failed.  "GFDL-CM3" model (Figure 5d) tends to overestimate 10-20 

day variance of U850 over northern India. 

 

 Variance of (unfiltered) OLR is larger in three GCMs (Figure 5(f-h)), excessively large 

in “GFDL-CM3” model than corresponding observation (Figure 5e).  Intraseasonal (10-20 

day) variance of observed OLR varies between 15-20% over majority of region with 20-25% 

over some very small regions.  Both HiRAMs realistically simulated this intraseasonal 

variance and “GFDL-CM3” model overestimated over equatorial and southern Indian ocean.   

 

3.5 Propagation features of 10-20 day mode of ISO 
 

 Within a particular monsoon season, 10-20 day mode of ISO is characterised by 

westward propagating intraseasonal anomalies from western pacific to Indian region 

(Krishnamurti and Ardunay, 1980; Chen and Chen, 1993; Annamalai and Slingo, 2001; 

Chatterjee and Goswami, 2004).  In this subsection, ability of GCMs to simulate this 

fundamental propagating and time varying nature of 10-20 day mode of ISO during ASM is 

considered.  The meridional and zonal propagation of ISO computed using lag regression 

analysis are compared among the three GFDL GCMs and corresponding observation.  For this 
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purpose, 10-20 day filtered precipitation and U850 anomalies at each grid point are regressed 

at the different time lags with respect to a reference time series created by area-averaging the 

10-20 day filtered precipitation anomalies over the south Bay of Bengal region (80
0
E-90

0
E, 

5
0
N-10

0
N).  Hovmöller diagram of regressed 10-20 day filtered precipitation and U850 

anomalies are described to diagnose propagation characteristics of 10-20 day mode of ISO 

during boreal summer season.    GPCP precipitation and U850 from NCEP-NCAR reanalysis 

data is used for observation.   

  

 Lag-longitude illustration of regressed 10-20 day filtered precipitation anomalies (shade) 

overlapped with U850 anomalies (contour) averaged between 5
0
N and 15

0
N is shown from day 

-25 to +25 days, for observation and three GCMs in figure 6(a-d) respectively.  U850 

observation (Figure 6a) indicate westward propagation from western Pacific ocean into the 

Indian summer monsoon region. Westward propagation is not noticed in observed precipitation.  

“GFDL-CM3” model displayed coherent westward propagation in U850 but the extent is less 

compared to observation.  Both HiRAMs failed to capture westward propagation in U850, 

which is a basic feature of 10-20 day mode of ISO.  Like lag-longitude, lag-latitude plot of 

regressed 10-20 day filtered precipitation (shade) anomalies overlapped with U850 anomalies 

(contour) averaged over longitude 80
0
E-100

0
E is delineated for observation and three GCMs in 

figure 6(e-h) respectively. 10-20 day mode of ISO is associated with northward propagation of 

precipitation from equator to 20
0
N from lag 20 days to lag 0 in observation (figure 6e). “GFDL-

HIRAM-C180” and “GFDL-CM3” model (figures 6f and 6h) exhibit northward propagation, 

which is much slow as compared to corresponding observation.  

 

4. Conclusions 

 

  Seasonal variability of ASM rainfall depends on the spatio-temporal evolution of the 

ISO.  Summer monsoon rainfall associated with the ISO has profound impact on the socio-

economic growth in the Asian monsoon region.  Therefore, much of the focus of attention in 

recent years has been on understanding the complex space–time characteristics of the ISO, its 

realistic simulation and prediction.  Keeping this in view, in the present study, we presented 

the results of the assessment of the ISV of ASM in atmosphere-only simulations of three 

GFDL GCMs.  Among three GCMs considered, two are GFDL HiRAMs at different 

horizontal resolution.  Third “GFDL-CM3” model is of moderate resolution (refer table 1 for 

details of GCMs resolution) with updated atmospheric model component.  The present day 

climate period (1979-2008) from CMIP5 AMIP are analysed.   
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  The power spectrum analysis for four key regions (provided in table 2) and maps of 

intraseasonal (10-20 day) variance are examined to assess the robustness of GCM simulated 

ISV.  Three GFDL GCMs tend to simulate higher-frequency (10-20 day) mode of ISO but 

unable to capture observed low-frequency (30-60 day) mode over EIND, IO and BB, with 

exception of “HiRAM-C180” over IO. All three GFDL GCMs are able to simulate structure 

of 10-20 day filtered variance of U850, except slight overestimation over Indian ocean.  Two 

HiRAMs simulated the spatial pattern of intraseasonal (10-20 day) variance of OLR while 

“GFDL-CM3” largely overestimated, particularly over Indian ocean. We demonstrated from 

the analysis that “GFDL-CM3” model simulated westward propagation, a major characteristic 

of the 10-20 day mode of ISO.  In conclusion, results suggest that atmosphere-only 

simulations of three GFDL GCMs in CMIP5 AMIP have difficulties in simulating ISV of 

ASM, irrespective of high horizontal resolution and updated atmospheric model component.  

With the exception of “GFDL-CM3” model, simulation of westward propagation of the 10-20 

day mode of ISO is also problematic in GCMs.  This implies the significance of suitable 

physics schemes to be used in high-resolution models for achieving realistic ISV simulation.  

Hence, it is meaningful to examine the role of model resolution in the presence of suitable 

physics schemes particularly convection (Slingo et al., 1996) on simulation of ISV.  

  

 There is now convincing evidence from both observations (Bhat et al., 2001; Sengupta 

and Ravichandran, 2001; Sengupta et al., 2001; Vecchi and Harrison, 2002) and modeling 

studies (Fu and Wang, 2004; Zheng et al., 2004) that ISO involves coupling with the ocean, 

which may therefore require an interactive ocean system for its reasonable simulation.  

Studies have also emphasized that realistic air-sea coupling is fundamental in defining 

characteristics and maintaining the observed space-time features of ISO (Fu et al., 2003; Fu 

and Wang, 2004; Rajendran and Kitoh 2006; Sur et al., 2013; Mandke et al., 2013 among 

others).  Air-sea coupling plays a critical role in organisation and intensification of ISO 

(Kemball-Cook et al., 2002). Despite the biases in three GCMs, one of the potential 

explanation for the poor performance in the representation of ISV in the atmosphere-only 

simulations of GFDL GCMs in the present study is the absence of air-sea interaction.  

Coupled GCMs therefore provide a more promising tools and presents prospects for future 

research to explore role of air-sea interaction in the simulation of the ISV and 10-20 day mode 

of ISO.  This research problem will be addressed in the future work. 
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Table 1. Details of three GFDL models that participated in CMIP5/AMIP and are used in the 

present study 

 

S. 

No.  

Model Horizontal resolution 

 longitude x  latitude 

Number of vertical 

levels 

1. GFDL-CM3 2.5
0 

x 2
0
 48 

2. GFDL-HIRAM-C180 0.625
0 

x 0.5
0
 32 

3. GFDL-HIRAM-C360  0.3125
0 
x 0.25

0
 32 

 

 

Table 2.  Domains for power spectrum analyses 

 

Extended India (EIND) Indian ocean (IO) Bay of Bengal (BB) West Pacific (WPAC) 

10
0
N-28

0
N,  

65
0
E-88

0
E 

10
0
S-5

0
N,  

75
0
E-100

0
E 

10
0
N-20

0
N,  

80
0
E-100

0
E 

10
0
N-25

0
N,  

115
0
E-140

0
E 
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List of figures 

Figure 1: Seasonal (June-September) mean precipitation (mm day
-1

) (a) observation (GPCP) 

(b) GFDL-HIRAM-C180 model (c) GFDL-HIRAM-C360 model (d) GFDL-CM3 model. 

Similarly for mean zonal wind at 850hPa (m sec
-1

) (e) observation (NCEP/NCAR reanalysis) 

(f) GFDL-HIRAM-C180 model (g) GFDL-HIRAM-C360 model (h) GFDL-CM3 model  

 

Figure 2: Annual cycle of precipitation (mm day
-1

) averaged over region (65
0
E-88

0
E, 18

0
N-

28
0
N) as simulated by GFDL-HIRAM-C180 model, GFDL-HIRAM-C360 model, GFDL-

CM3 model and GPCP observation.  

Figure 3: Power spectrum of OLR (W m
-2

) anomalies for June-September season of 30 years 

(1979-2008) averaged over region (65
0
E-88

0
E; 10

0
N-28

0
N) (a) observed (NOAA) (b) GFDL-

HIRAM-C180 model (c) GFDL-HIRAM-C360 model (d) GFDL-CM3 model.  Similarly for 

area averaged over Indian ocean region (75
0
E-100

0
E; 10

0
S-5

0
N) (e) observed (NOAA)  

(f) GFDL-HIRAM-C180 model (g) GFDL-HIRAM-C360 model (h) GFDL-CM3 model. 

 

Figure 4: Same as in Figure 3 except averaged over Bay of Bengal (80
0
E-100

0
E;10

0
N-20

0
N) 

(a)observed (NOAA) (b)GFDL-HIRAM-C180 model (c) GFDL-HIRAM-C360 model (d) 

GFDL-CM3 model. Similarly for area averaged over West Pacific ocean (115
0
E-140

0
E;10

0
N-

25
0
N) (e)observed (NOAA) (f)GFDL-HIRAM-C180 model (g) GFDL-HIRAM-C360 model 

(h) GFDL-CM3 model. 

 

Figure 5: Variance of daily anomalies of zonal wind at 850hPa (m sec
-1

) (contours) and the 

percent variance accounted for by intraseasonal 10-20 day bandpass filtered variance (shaded) 

of zonal wind at 850hPa for June-September of 30 years (1979-2008)  (a)observed 

(NCEP/NCAR reanalysis) (b)GFDL-HIRAM-C180 model (c)GFDL-HIRAM-C360 model 

(d)GFDL-CM3 model.  Similarly for OLR (e) observed (NOAA) (f) GFDL-HIRAM-C180 

model (g) GFDL-HIRAM-C360 model (h) GFDL-CM3 model 

 

Figure 6: June-September season lag-longitude plot of 5
0
N-15

0
N averaged 10-20 day filtered 

precipitation anomalies (shade) and 10-20 day filtered zonal wind at 850hPa anomalies 

(contours) regressed with a reference times series of 10-20 day filtered precipitation area 

averaged over south Bay of Bengal region (80
0
E-90

0
E; 5

0
N-10

0
N) for lag of day -25 to +25  

(a) observed (precipitation : GPCP and 850hPa wind: NCEP-NCAR reanalysis) (b) GFDL-

HIRAM-C180 model (c) GFDL- HIRAM-C360 model (d) GFDL-CM3 model.  Similarly lag-

latitude plot averaged over 80
0
-100

0
E (e) observed (precipitation: GPCP and 850hPa wind: 

NCEP/NCAR reanalysis) (f) GFDL-HIRAM-C180 model (g) GFDL- HIRAM-C360 model 

(h) GFDL-CM3 model. 
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