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NERC Fellowship – The future of 
the Indian monsoon 

JWCRP – Modelling monsoon systems 

Fig 2: projected 
increase in mean 
JJAS rainfall in CMIP3 
1pctto2x 
experiments at time 
of CO2 doubling. 

South Asian precipitation – a 
seamless assessment (SAPRISE) 

Hydrometeorological feedbacks and 
changes in water storage and fluxes in 
Northern India (Hydroflux-India) 

Aerosols and the monsoon 

Increasing anthropogenic aerosol emissions over South Asia present a key 
uncertainty to future climate projections of the monsoon in addition to 
remaining a challenge to models.  Liang Guo is working on a CWC project to 
disentangle the effect of different aerosol species and effects on the monsoon. 

Land surface and the monsoon 

The land surface also represents a modelling challenge and its role in the maintenance 
and variability of the monsoon is unclear.  Charlie Williams is working on a CWC project 
to assess the role of land-atmosphere coupling on the monsoon.  We are also examining 
more fundamental questions of the role of the peninsula in monsoon development. 

Convective parameterization 

The schemes used to parameterize convection introduce much uncertainty 
into model simulations of tropical rainfall and monsoons; choice of convection 
scheme also leads to large uncertainties in future projections of monsoon 
rainfall (Turner & Slingo, 2009).  In a recent project under the Joint Weather & 
Climate Research Programme between the University and the Met Office, 
Stephanie Bush has been examining the role of convective entrainment in this 
sensitivity (Bush et al., 2013), as well as developing new techniques for 
perturbing model parameters in specified regions only. 

Key systematic model biases 

Coupled models often feature large biases at the interface between ocean & 
atmosphere, in the form of SST errors.  Winter cold biases in the Arabian Sea 
are known to affect the subsequent summer monsoon, causing weakened 
rainfall (Levine & Turner, 2012) and also causing uncertainty in climate 
projections (Levine et al., 2013).  Deepthi Marathayil, a PhD student under the 
UK India Education and Research Initiative, has shown cold Arabian Sea biases 
to be prevalent in most CMIP models, relating to an enhanced winter monsoon 
flow and cold land temperatures further north. 

Key details: AG Turner is supported by a NERC 
Fellowship NE/H015665/1. 
Key papers: Turner, AG & H Annamalai (2012) 
Climate Change and the South Asian summer 
monsoon. Nature Climate Change 2: 587-595. 

Climate change and the monsoon 

The large population in South Asia and its reliance on the monsoon providing 80% of annual rainfall for 
agriculture and industry means we must  be able to understand changes to the monsoon and its variability in 
the future.  In his NERC Fellowship Andy Turner is examining changes to the Asian monsoon under enhanced 
greenhouse gas forcing, both in the seasonal mean and variability on time scales from days to decades. 

UK/India PhD studentship 

Fig 3: Composite of cold minus warm CMIP3 
models based on winter Arabian Sea SST showing 
SST (shaded), 1.5m temperature (shaded, land), 
precipitation (contours) and 850hPa wind.  Note 
the cold land and excess winter monsoon winds 
associated with the cold Arabian Sea. 

Key details: D Marathayil was supported by a UKIERI 
PhD studentship, supervised by AG Turner & LC 
Shaffrey. 

Fig 1: the complexity of 
the Asian summer 
monsoon in indicated 
here: showing the 
observed upper level 
flow, precipitation, 
orography, sea-level 
pressure and SST during 
summer and winter 
seasons. 

Fig 4: Effect of locally-targeted 
increases in the entrainment rate on 
JJAS precipitation.  Despite both 
being moist tropical oceans, 
changing the entrainment rate in 
the WEIO and WNP has the 
opposite impact on precipitation. 

Key details: SJ Bush was funded by a JWCRP 
project supervised by AG Turner, SJ 
Woolnough & GM Martin (Met Office). 
Key papers: Bush, SJ, AG Turner, GM Martin, 
NP Klingaman & SJ Woolnough (2013) The 
effect of increased convective entrainment on 
Asian monsoon biases in the MetUM General 
Circulation Model. Quarterly Journal of the 
Royal Meteorological Society, submitted. 
Turmer, AG & JM Slingo (2009) Uncertainties 
in future predictions of extreme precipitation 
in the Indian monsoon region. Atmospheric 
Science Letters 10: 152-168. 

MoES National Monsoon Mission 

Key details: AG Turner is acting as PI on a new project with the Met Office 
and NCMRWF, India, funded by the Indian MoES National Monsoon 
Mission. 

The Indian Ministry of Earth Sciences (MoES) has recently launched their 
National Monsoon Mission, aiming to improve prediction of the monsoon on 
daily through intraseasonal to seasonal time scales.  Projects will focus on the 
Met Office Unified Model and the CFS model.  We will be continuing our work 
on understanding the sensitivity of monsoon prediction to convective 
parameterization in addition to attempting to resolve some of the biases in 
coupled seasonal forecasts of the monsoon. 

Key details: These two projects are funded under the NERC 
Changing Water Cycle (South Asia) scheme.  L Guo is 
working with EJ Highwood and AG Turner on the SAPRISE 
project (NE/I022469/1) while CJR Williams is working with 
AG Turner on Hydroflux-India (NE/I022485/1). 
Key papers: Guo, L, EJ Highwood & AG Turner (2013) Direct 
and indirect aerosol effects on the Indian monsoon in the 
CMIP5 integrations , in preparation. 
Turner AG, RC Levine & GM Martin (2013) The role of  
peninsular India in the South Asian monsoon.  Climate 
Dynamics, to be submitted. 

Fig 6: Experiments designed to test the impact of peninsular India on the 
monsoon, including testing the role of orography and the Indo-Gangetic Plains. 

Fig 5: Late 20th century minus pre-industrial JJAS precipitation 
from CMIP5 historical integrations, split between models 
including aerosol indirect effects and those that don’t. 

Indirect effects included Direct effects only 

Key papers: Levine, RC & AG Turner (2012) Dependence of Indian monsoon rainfall on 
moisture fluxes across the Arabian Sea and the impact of coupled model sea surface 
temperature biases.  Climate Dynamics 38: 2167-2190. 
Levine, RC, AG Turner, D Marathayil & GM Martin (2013) The role of northern Arabian Sea 
surface temperature biases in CMIP5 model simulations and future projections of Indian 
summer monsoon rainfall.  Climate Dynamics 41: 155-172. 
Marathayil, D, AG Turner, LC Shaffrey & RC Levine (2013) Systematic winter SST biases in 
the northern Arabian Sea in HiGEM and the CMIP3 models.  Environmental Research Letters 
8: 014028. 


