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Abstract 
 
     To support the mission of the National Oceanic and Atmospheric Administration (NOAA) in 
improving climate prediction on the seasonal scale, the National Centers for Environmental Prediction 
(NCEP) has produced a new generation of global reanalysis, the Climate Forecast System Reanalysis 
(CFSR).  31-year (1979-2009) reanalysis data set is generated as a global, high resolution, coupled 
atmosphere-ocean-land surface-sea ice system to provide the best estimate of the states of these coupled 
domains over this period.  In this paper we will study the surface energy and water budgets described in 
CFSR.  Time series of climatology means and anomalies will be analyzed including surface radiation, 
surface temperature, precipitation, and sea ice.  Preliminary analysis has demonstrated that CFSR can 
advance the current understanding of the global surface energy and water cycles and their roles in the 
earth system to further assist the consequent research in hydrology, weather, and climate. 
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1. Introduction 
 
     The National Centers for Environmental 
Prediction (NCEP) Climate Forecast System Reanalysis 
(CFSR) incorporates the best available resources of 
fully-coupled global prediction model, in situ and 
satellite observations, and advanced data assimilation 
techniques, to make the best estimate of global climate 
evolution over the 31-year period of 1979-2009.  The 
primary purpose of CFSR is to create initial conditions 
for historical forecasts required to calibrate the 
operational NCEP climate forecast.  It also provides 
diagnoses of global climate states for researchers to 
assess the causes and feedbacks of climate anomalies, 
and to seek for further improvement in prediction skill 
(Saha et al., 2010). 
    The surface energy and water budgets, which 
regulate the interactions between the surface and the 
atmosphere, are key components in the Earth’s climate 
system.  Variables such as radiation, heat fluxes, ocean 
and land surface temperatures, precipitation, evaporation, 
and soil moisture strongly influence and influenced by 
the atmospheric synoptic and climate structures.  
Moreover, the surface energy and water budgets affect 
the atmosphere by determining the development of the 
atmospheric planetary boundary layer (Pan and Mahrt, 
1987; Ek et al., 2003).  Evaporation over the water 
surface is the primary mechanism of water transporting 
from the surface to the atmosphere.  Contrasting to 
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water surface, the land surface process of heat and 
moisture flux partitioning are much more complex with 
strong variability in both space and time across the 
climate system related to the physical properties of the 
surface, especially, vegetation and soil moisture content.  
In situ measurements of land surface energy fluxes are 
operated during field experiments (e.g., PILPS, 
Henderson-Sellers et al., 1995) and flux tower networks 
(e.g., FLUXNET, Baldocchi et al., 2001).  However, 
insufficient measurement coverage in space and time 
makes it a challenge to assess these variables over 
extended period globally.  A comprehensive global 
reanalysis serves as an alternative solution.  In this 
paper, the structure of the surface energy and water 
budgets will be analyzed, focusing on the basic 
characteristics of several critical issues regarding climate 
change during the last few decades that have been widely 
addressed. 
 
2. The CFSR product 
 
     The NCEP CFSR is a global fully-coupled 
atmosphere-ocean-land-sea ice modeling and data 
assimilation system.  The atmospheric model used is the 
NCEP Global Forecast System (GFS) with horizontal 
resolution of 38 km globally (T382 gaussian grid) and 64 
vertical levels extending from the surface to 0.26 hPa.  
The atmospheric data assimilation uses the NCEP 
Gridded Statistical Interpolation (GSI, Kleist et al., 2009).  
The ocean model is the Geophysical Fluid Dynamics 
Laboratory (GFDL) Modular Ocean Model version 4p0d 
(MOM4p0d, Griffies et al., 2004).  The resolution is 
0.25� latitude/longitude at the equator, extending to a 
global 0.5� beyond the tropics, with 40 levels to a depth 
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of 4737 m.  The Global Ocean Data Assimilation 
System (GODAS) used is a 3DVAR assimilation scheme 
that has evolved from a version originally developed by 
Derber and Rosati (1989).  The land surface model is 
the Noah model (Ek et al., 2003).  It has 4 soil layers 
with fixed thickness of 10, 30, 60, and 100 cm.  Within 
CFSR, Noah is implemented in both the fully-coupled 
prediction model GFS to generate the first guess fields of 
the land-atmosphere simulation, and in the semi-coupled 
global Land Information System (LIS, Peters-Lidard et 
al., 2007) to perform the land data assimilation (Meng et 
al., 2010).  The sea ice model is from GFDL Sea Ice 
Simulator with slight modifications (Griffies et al., 2004).  
There are three layers in the sea ice model, including two 
equal layers of sea ice and one layer of snow with five 
categories of sea ice thickness (0-0.1, 0.1-0.3, 
0.3-0.7,0.7-1.1, and a category greater than 1.1 m).  
Most of the variables related to surface energy and water 
budgets are included in the CFSR output surface flux file.  
CFSR provides both 6-hourly and monthly mean 
products.  All the data used in this study is from the 
monthly mean product.  Detail of the CFSR model and 
data assimilation are described in Saha et al. (2010).  
CFSR data is available for online access at 
http://nomads.ncdc.noaa.gov/NOAAReanalysis/cfsrr 
 
3. Results 
 
     Monthly time series of CFSR global mean surface 
incoming solar radiation and its climatologic anomaly 
are displayed in Figure 1.  The variation of the global 
mean is dominated by a strong seasonal cycle with peaks 
occurring in the Southern Hemisphere summer.  A 
notable feature in Figure 1 is the decline of peak values 
over the period from 2001 to 2009.  The anomaly also 
appears to be mostly negative for the same period.  The 
averaged flux from 2001-2009 is 191.5 Wm-2, which is 
1.9 Wm-2 below that from 1979-2000 of 193.4 Wm-2. 
 

 
Figure 1. Monthly time series of CFSR global mean 
surface incoming solar radiation (top) and its anomaly 
(bottom). 
 
     Figure 2 shows the monthly time series of global 
total cloud cover percentage and its anomaly.  Starting 

2001, the total cloud cover increased by 2% from about 
58% to above 60%.  The main contribution comes from 
the increased tropical clouds, with the secondary 
contribution from the mid-latitudes of both hemispheres.  
While such a sustained increase in cloudiness explains 
the decrease in incoming solar radiation, it also 
influences the incoming longwave radiation at the 
surface (Figure 3).  Owing to increased cloud emission, 
the surface incoming longwave radiation increased by 
3.8 Wm-2, from 338.9 Wm-2 (averaged for 1979-2000) to 
342.7 Wm-2 (averaged for 2001-2009).  Most of the 
contribution comes from the tropics and the mid-latitudes.  
Note that, for the period of 2001-2009, the increase in 
the incoming longwave radiation indeed surpasses the 
decrease in the incoming solar radiation at the surface.  
Therefore the net effect is increasing the total radiative 
energy absorbed at the surface. 
 

 
Figure 2. Monthly time series of CFSR global total 
cloud coverage percentage (top) and its anomaly 
(bottom). 
 
 

 
Figure 3. Monthly time series of CFSR global mean 
surface downward longwave radiation (top) and its 
anomaly (bottom). 
 
     In Figure 4, it is clear to see warm anomalies in the 
time series of surface air temperature for almost the 
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entire period of 2001-2009 except for two neutral points 
in July 2004 and January 2008.  Relatively larger warm 
anomaly occurs over the Northern Hemisphere land mass 
in this warm period.  When there is more radiative 
energy (shortwave plus longwave) absorbed by the ocean 
surface, most of the energy will be consumed by 
evaporation and transformed back to the atmosphere in 
the form of latent heat flux.  On the other hand, over the 
land surface where the available water from the soil is 
limited, the excessive energy is used to heat the surface 
and the near surface atmosphere, and transformed into 
terrestrial longwave radiation and sensible heat flux.  
The annual mean global 2 meter air temperature 
calculated from the CFSR data shows a warming trend of 
approximately 0.4 K over the 31-year period of 
1979-2009.  The rate becomes approximately 1.0 K over 
the 31 years when averaged over the land surface only. 
 
 

 
Figure 4. Monthly time series of CFSR global mean air 
temperature at 2 meters above the surface (top) and its 
anomaly (bottom). 
 
     Trends in Arctic and Antarctic sea ice cover have 
been highlighted as an indicator of global climate change.  
Serreze, et al. (2007) concluded negative trends in Arctic 
sea ice extent over the period of 1979-2006 in every 
month.  The National Snow and Ice Data Center 
reported in a press release the Arctic sea ice cover 
reached the lowest level in September 2007 since 
satellite measurements began in 1979.  Sea ice in CFSR 
is an assimilated field using satellite measurements hence 
the results are expected close to observation.  Figure 5 
shows the CFSR sea ice concentrations for September of 
1987 (top) and 2007 (bottom) for the Arctic.  It reveals a 
large decline of sea ice in 2007 which is consistent with 
previous studies.  From the time series of the Arctic sea 
ice cover (Figure 6), large reduction is obvious for all 
summers of 2007, 2008, and 2009.  Moreover, those 
three summers rank the all time lowest records over the 
entire CFSR period.  Whereas since 2007, the annual 
minimum in summer has continued to recover and the 
wintertime extent has been about normal.  On the other 
hand, the Antarctic sea ice cover is on a slightly positive 
trend since the late 1990’s (not shown). 

 
 
Figure 5. Maps of monthly mean Arctic sea ice 
concentration from CFSR for September 1987 (top) and 
September 2007 (bottom). 
 
 

 
Figure 6. Monthly time series of CFSR Arctic sea ice 
coverage percentage (top) and its anomaly (bottom). 
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4. Conclusions 
 
     An updated NCEP global atmosphere-ocean-land 
reanalysis data set is generated for the period of 
1979-2009, using improved global climate prediction and 
data assimilation systems.  It provides an enhanced 
reanalysis for many aspects in climate research including 
assessing the global energy and water budgets.  Over 
the 31-year period, the global surface incoming solar 
radiation shows a slightly downward trend due to the 
increasing cloudiness in the tropics and the mid-latitudes.  
Such a surface energy reduction is, however, 
compensated by an increased incoming longwave 
radiation from increased cloud emission.  The net 
impact on the surface air temperature is a globally 
averaged 0.4 K warming over the 31-year period, or 1.0 
K averaged over land surface only.  Due to realistic sea 
ice data assimilation, the coupled CFSR has improved 
the analysis of sea ice concentration over the polar 
regions, compared to the previous reanalyses.  The 
overall trend of sea ice cover is slightly negative for the 
Arctic and positive for the Antarctic, which is consistent 
with observations.  With the lowest record occurring in 
September 2007, the Arctic sea ice cover reveals a 
tendency on track to normal for the past three years. 
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