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Introduction:FAMIL

Finite-volume/Spectral Atmospheric Model in IAP LASG 
(Wu et. al, 1996; Zhang et. al, 2000;Wang et. al, 2003; Zhou et. al, 2005; Bao et. al, 2010;2013; Zhou et. al 2015,JAMES)3

SAMIL&
(1998)&
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(2015)�
(25km,L64)�



Horizontal	  resolu.ons:	  	  
200km,100km,50km,25km	  	  
FV	  on	  Cubed-‐sphere	  grids	  

Ver.cal	  resolu.ons	  
32	  layers	  with	  model	  top	  1hPa(	  usually	  45km)	  
47	  layers	  with	  model	  top	  0.1hPa	  (usually	  60km)	  	  
64	  layers	  with	  model	  top	  0.01hPa	  (usually	  85km)	  	  

Horizontal and vertical resolutions of FAMIL
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Hybrid	  Ver*cal	  resolu*on:	  L32	  (top	  at	  1hPa),L64(	  top	  at	  0.01hPa)	  
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Finite-volume / Spectral Atmospheric Model of the 
IAP/LASG (S/FAMIL) 

S/FAMIL 
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LICOM 

Climate	  System	  Model:	  FGOALS3

	  	  	  	  CPL7

CLM4.5 with 
Exploitation and 

CICE4.0 
with 

One atmospheric component of FGOALS3

FAMIL/GAMIL



Computational Performance of FAMIL

(Zhou, et al., 2012)

Achievement of FAMIL on the ‘Tianhe 1A’ 10000-core Supercomputer 
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 • Description of a new generation AGCM (FAMIL), developed   
at IAP-LASG, and designed for CMIP6 

 • Evaluation of the simulated global energy and water   
balance in FAMIL 

 • Identification of possible solutions to reduce the bias  



Motivations 

Wild et al., 2013; IPCC AR5 Chapter 2 

in numerous studies published over the past decades (e.g.,

Hartmann and Short 1980; Hartmann et al. 1986; Ramana-
than et al. 1989; Gutowski et al. 1991; Ohmura and Gilgen

1993; Pinker et al. 1995; Li et al. 1997; Gleckler and Weare

1997; Kiehl and Trenberth 1997; Wild et al. 1998; Gupta
et al. 1999; Hatzianastassiou and Vardavas 1999; Potter and

Cess 2004; Raschke and Ohmura 2005; Trenberth et al.

2009; Trager-Chatterjee et al. 2010; Ohmura 2012; Qian
et al. 2012; Wild 2012; Stephens et al. 2012a, b). This

becomes also evident when comparing different schematic
diagrams of the global energy balance published in text

books or in the peer-reviewed literature, which often vary

greatly in the numbers given therein representing the mag-
nitudes of these energy flows in terms of global means (e.g.,

Kiehl and Trenberth 1997; Trenberth et al. 2009; Wild et al.

1998; Raschke and Ohmura 2005; Wild 2012; Stephens et al.
2012b). A representation of such an energy balance diagram

is given in Fig. 1 and will be discussed in more detail in this

study.
Knowledge on the energy exchange between Sun, Earth

and space has recently been improved through new satellite

missions such as the Clouds and the Earth’s Radiant Energy
System (CERES, Wielicki et al. 1996) and the Solar

Radiation and Climate Experiment (SORCE, Anderson and

Cahalan 2005). These allow the determination of the top of

atmosphere (TOA) radiative flux exchanges with unprece-

dented accuracy (Loeb et al. 2012).
Much less is known, however, about the energy distri-

bution within the climate system and at the Earth surface.

Unlike the fluxes at the TOA, the surface fluxes cannot be
directly measured by satellites. Instead, they have to be

inferred from the measurable TOA radiances using

empirical or physical models to account for atmospheric
attenuation and emission, which introduces additional

uncertainties. Uncertainties in the components of the sur-
face radiation budget are thus generally larger and less well

quantified than at the TOA. Debated are, for example, the

partitioning of solar energy absorption between the atmo-
sphere and surface, as well as the determination of the

thermal energy exchanges at the surface/atmosphere

interface (e.g., Raschke and Ohmura 2005; Wild 2008,
2012; Trenberth et al. 2009; Stephens et al. 2012b).

In the present study, we do not only rely on satellite

observations, but make extensive use of the information
contained in radiation measurements taken from the Earth

surface, to provide direct observational constraints also for

the surface fluxes. Such observations become increasingly
available from ground-based radiation networks (Sect. 2).

We use these observations to assess the radiation budgets as

simulated in the latest modeling efforts performed within

Fig. 1 Schematic diagram of the global mean energy balance of the
Earth. Numbers indicate best estimates for the magnitudes of the
globally averaged energy balance components together with their

uncertainty ranges, representing present day climate conditions at the
beginning of the twenty first century. Estimates and uncertainty
ranges based on discussion in Sect. 5. Units Wm-2

3108 M. Wild et al.
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Trenberth et al., 2007
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Energy Conservation:

Water Balance:
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Ĕcbņ�zãØ@ősĆČGģŔ�åG_R . Total energy contains sensible 	  energy (SE), gravitational-potential energy (GE), latent energy (LE), and kinetic energy(KE)         

	   .	   Total water contains water vapor (Qv), cloud water (Qc), rain water (Qr), cloud 	  ice (Qi), snow (Qs), and graupel (Qg).  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Figure	  A1	  shows	  that,	  although	  different	  physical	  processes	  behave	  differently	  in	  terms	  of	  energy	  and	  water	  status	  and	  
varia.on,	  all	  processes	  are	  conserved	  since	  total	  energy	  and	  water	  flux	  flowing	  through	  the	  upper	  and	  boWom	  boundary	  of	  
the	  atmosphere	  is	  equal	  to	  the	  tendency	  of	  the	  ver.cally	  integrated	  total	  energy	  or	  water	  in	  the	  atmosphere.	  The	  orders	  of	  
their	  differences	  are	  less	  than	  10−10	  and	  10−100	  for	  energy	  and	  water,	  respec.vely.	  

Water Balance:Energy Conservation:
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in numerous studies published over the past decades (e.g.,
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1997; Kiehl and Trenberth 1997; Wild et al. 1998; Gupta
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observations, but make extensive use of the information
contained in radiation measurements taken from the Earth

surface, to provide direct observational constraints also for

the surface fluxes. Such observations become increasingly
available from ground-based radiation networks (Sect. 2).

We use these observations to assess the radiation budgets as

simulated in the latest modeling efforts performed within
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Global Mean Energy Budgets
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Global mean of water  balance
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Global annual mean precipitation, evaporation and E-P (evaporation minus 
precipitation) at the surface atmosphere from FAMIL1, GPCP, CMAP, EARI, ERA15, 
and 16 CMIP5/IPCC AR5 models. Averaging period of FAMIL is from 1979 to 2008. 
Units: mm day-1



Diurnal	  Amplitude	  and	  Phase	  of	  Precipita.on	  in	  FAMIL



Preliminary results from High-

resolution  FAMIL



Horizontal*high*resolu0ons:**
200km,100km,50km,25km*

.*
*

200km� 100km�

50km� 25km�
Topographic*forcing*of*Eastern*Asia*with*the*different*

resolu0ons�



Simulated Asian Summer Monsoon Precipitation with
 200km, 100km and 50km resolutions



Simulated East Asian Annual cycle of Precipitation with 
200km, 100km and 50km resolutions!
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Intensity	  frequency	  Analysis



On-going work of FAMIL



Flow Chart of FAMIL Physics and CLR2
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• To Study the direct and indirect effects of aerosol on stratiform cloud in GCM; 

• To build and evaluate a two-moment stratiform cloud scheme in GCM.

The Chen-Liu-Reisner(CLR2) Scheme (Chen and Liu 2004; Cheng et al., 
2010;Chen et. al,2013) is a bulk water two-moment mixed-phase cloud 

microphysics scheme 



Toward'the'Improvement'of'Low'Cloud'Simula7ons'
in'LASG'GCM'

X.'Wang,'G.'Nian,'Q.'Bao'and'B.'He'
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 MJO in CMIP5 models

Jiang et al., 2014



MJO in FAMIL
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Plan of FGOALS3 atmospheric team in CMIP6

• Long-term projections with ESM FGOALS3 
(200km) 

• Long-term projections with CSM FGOALS3 
(100km) 

•Near-term projections with FGOALS3 (50km) 

• Stand-alone AGCM (25km)

（Horizontal resolutions）





Summery

•Description of a new generation AGCM: FAMIL 
developed at IAP-LASG, and designed for CMIP6 

• Evaluation of the simulated global energy and water 
balance in FAMIL 

• Preliminary results from 200km to 50km resolutions 
(Precipitation, Asian Summer Monsoon) 

• Low cloud simulations are significantly improved in 
the newer version, in particular for the representation 
of marine stratocumulus clouds. 

•GMMIP for CMIP6



Thank you!











Global online aerosol model: FAMIL+AEROSOL MODULE
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From DAI Tie

FAMIL&&

w10&,&vegeta0on,&soil&
moisture,&snow&cover,&
LAI&

Sea&ice,&W10�

AeroCom&data�

AeroCom&data�

AeroCom&data�

Structure&of&aerosol&processes&including&emission�transport�and&deposi0on&in&FAMIL&&�



Hybrid'Ver*cal'resolu*on'has'been'improved'from'L32'(model'top'is'
1hPa),L47('top'at'0.1Pa)','to'L64('top'at'0.01Pa)'

'



Future Plan

• High resolution modeling (FAMIL & FGOALS3) 
• Horizontal: 25km 
• Vertical : L64 (0.01hPa) 

• Parameterizations of stratus and cumulous cloud 
and land surface in Tibetan Plateau 

• Aerosol module 

• Initialization module (for S2S) 

• CMIP6 

• Parallel efficiency  
• Supercomputer：Tian-He 1 & 2,  CAS“元”

39



全球⾼高分辨率⼤大⽓气环流模式FAMIL对全球能量
和⽔水份循环的模拟性能

FAMIL1���& 
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Zhou, L.,  Q. Bao* , Y. Liu et al., JAMES



Cloud Overlap Method 
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2014：架构和物理过程⽅方⾯面的研发进展

42

•辐射⽅方案：SES2  ==> RRTMG/McICA

Based on IPCC AR5, the concentration of CO2 arise from about 280ppm to 380ppm during 
1750 to 2011, the corresponding Radiative Forcing (RF) for CO2 alone is 1.68 W/m2 with a 
range of 1.33 W/m2 to 2.03 W/m2.�
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To test RF of CO2 in the CESM-FAMIL with the RRTMG radiation calculation,  One 
AGCM run has been taken out while the SES2 has been called twice with the CO2 
value of 280pmm (CON) and 380ppm (SEN) respectively. Moreover, the Rfcon  are 
cycled in the integration while Rfsen is offline. This method guarantees the evaluation 
of the RFs of different CO2 is directive while exclude other climate feedbacks. �

Differences of net radiation between SEN and CON at 200hPa. (units: W m-2).�

F/SAMIL�CO2	�����1.7W/m2��	
�IPCC AR5�����
���1.68 W/m2�




