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1. Introduction 
  Precipitation and evapotranspiration are basis for studies of 
hydrological cycle. Net precipitation is precipitation minus 
evapotranspiration (P-E), which is a freshwater flux over land and 
ocean, or snow accumulation over ice sheet. It is difficult to estimate 
a net precipitation from direct observation of P and E for remote areas. 
In another way, we can estimate a net precipitation from the 
atmospheric moisture budget using objective analysis data. This is an 
effective estimation method, especially over the large-scale region 
and polar regions. Recently Bromwich et al. (2007) evaluated large 
atmospheric circulation, precipitation, radiation and cyclone activity 
on the reanalyses in the Polar Regions, however, the comparison 
study of reanalyses for hydrological cycle in the mid- and 
high-latitude is not enough. In this study, we estimated the net 
precipitation for four targets (Figure 1, Arctic Ocean, Antarctica, 
Amur river basin, and Ice cap on Mt. Wrangell, Alaska), and 
compared P-E from four reanalysis data (ERA40, ERA15, NCEP R2 
and JRA25) and observations or previous studies. 

Figure 1. Maps of the Arctic Ocean, 
Antarctica, Amur River basin and 
the Ice cap on Mt. Wrangell. 

 
2. Data and Methods 
   Four reanalyses data sets, ERA15, ERA40, JRA25, and NCEP-R2 are used to estimated the P-E. The 
resolutions and data periods are shown in Table 1.  
 
Table 1. Description of reanalyses. 

 Name resolutions time step and period reference 

ERA15 ECMWF 15-year 
Reanalysis 2.5°×2.5°, 17 levels 12 hourly, 1979/1-1993/12 Gibson et al. 1997 

ERA40 ECMWF 40-year 
Reanalysis 2.5°×2.5°, 23 levels 6 hourly, 1957/9-2002/8 Uppala et al. 2005 

NCEP-R2 NCEP/DOE 
Reanalysis 2  

2.5°×2.5°, 17 levels 6 hourly, 1979/1-2005/12 Kanamitsu et al. 2001

JRA25 Japanese 25-year 
Reanalysis 

1.25°×1.25°, 23 
levels 6 hourly, 1979/1-2004/12 Onogi et al. 2007 

(About the original model resolutions, refer to Bromwich et al., 2007) 
 

http://www.cdc.noaa.gov/cdc/data.ncep.reanalysis2.html
http://www.cdc.noaa.gov/cdc/data.ncep.reanalysis2.html


Net precipitation (P-E) is estimated by the atmospheric moisture budget equation as follows: 
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∂PW/∂t and -∇<qv> can be estimated from the reanalysis data and P-E was obtained by subtracting the ∂pw/∂t 
from -∇<qv>. In this study, P-E is calculated by the area-weighted mean values of ∂pw/∂t and -∇<qv> over each 
region. In the land surface, water balance is written by the terrestrial water budget equation as follows: 
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For a long time period (i.e., annual mean), ∂S/∂t can be neglected and  
.EPR −≈       (3) 

The P-E estimated from the reanalyses and that in previous studies are compared over the Arctic Ocean and 
Antarctica. In the Amur River basin and the Ice cap on Mt. Wrangell, we compared the P-E estimated from the 
reanalyses with observations (the river discharge and the snow accumulation). 
 
3. 1 Arctic Ocean 

Polar regions are moisture flux convergence areas and net 
precipitation is important as a freshwater flux from the 
atmosphere. The P-E over the Arctic Ocean was estimated 
using rawinsonde data and surface observation in some 
previous studies (Table 2). We compared the observations 
with P-E from the reanalyses. Periods of Annual and monthly 

ERA40, JRA25 and NCEP-R2 are from 1979 to 2001. Annual 
mean values of P-E from all reanalyses are comparable with 
previous studies (Table 2). P-E is large in boreal summer (JJA) a
cycle of PW. Seasonal cycles of P-E in all reanalyses are similar (Fig. 2). Interannual variations of P-E are also 
similar among the reanalyses and there are no significant trends (Fig. 3). 
 

mean values are from 1979 to 1993 in ERA15 and those in 

nd small in winter (DJF) due to the large seasonal 
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Figure 2. Seasonal cycle of P-E over the 
Arctic Ocean. Unit is mm/year. 

Table 2. Annual mean P-E over the Arctic Ocean. Comparison with previous studies. Unit is mm/year. 
  Arctic Ocean 70-90N 
Based on atmospheric data   
     Peixoto and Oort, 1983 (rawinsonde): 1963-1973 1  - 16
     Serreze and Barry, 2000 (HARA, rawinsonde): 1974-1991 153 161 
     Gober et al., 2003 (HARA, rawinsonde): 1979-1993 - 164 
     Groves and Francis, 2002 (TOVS satellite): 1979-1998 1  45 151 
     Bromwich et al., 2000 (ERA15): 1979-1993 179 182 
     Bromwich et al., 2000 (NCEP-NCAR): 1979-1993 194 195 
     Oshima and Yamazaki, 2004 (ERA15): 1979-1993 186 178 
     Oshima and Yamazaki, 2004 (NCEP R2): 1979-2002 198 198 
     Oshima, 2006 (ERA40): 1979-2001 195 188 
     This study (ERA15): 1980-2001 187 - 
     This study (ERA40) : 1980-2001 196 - 
     This study (JRA25) : 1980-2001 177 - 
     This study (NCEP R2): 1980-2001 203 - 
Based on surface data   
     Sellers (1965) multiyear  1 5  20 0
     Baumgartner and Reichel (1975)   44 58 
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Figure 3. Interannual variation of P-E 
over the Arctic Ocean. Unit is mm/year. 
 

 
 

3. 2 Antarctica 
    Over the Antarctica, the annual means of P-E from all reanalyses are reasonable, compared with previous 

studies (Table 3). P-E in the NCEP-R2 is very small and we have to confirm that estimation. So, it is not listed in 
Table 3. Unlike the Arctic, seasonal cycle of P-E over the Antarctica shows austral winter (JJA) peak. In this 
region, seasonal cycle of PW is small and the strong transient cyclone transports much water vapor into the 
Antarctica. Therefore P-E is large in austral winter. The seasonal cycles of P-E are reasonable in the reanalyses 
(Fig. 4). The interannual variations of P-E are similar in all reanalyses and they have no notable trends (Fig. 5). 

The variations of P-E over polar regions, are discussed in Oshima and Yamazaki (2004) for the interannual 
variation and in Oshima and Yamazaki (2006) for the seasonal variation. 

 
Table 3. Same as Table 2 but for Antarctica. 
  Antarctica 70-90S
Based on atmospheric data   
     Peixoto and Oort, 1983 (rawinsonde): 1963-1973 - 81 
     Yamazaki, 1992 (NMC): 1986-1990 135 162 
     Bromwich et al., 1995 (ECMWF): 1985-1992 157 140 
     Bromwich et al., 1995 (NMC): 1985-1992 108 134 
     Cullather et al., 1998 (ECMWF): 1985-1995 151 - 
     Oshima and Yamazaki, 2004 (ERA15): 1979-1993 166 150 
     Oshima and Yamazaki, 2004 (NCEP R2): 1979-2002 112 160 
     Oshima, 2006 (ERA40): 1979-2001 167 165 
     This study (ERA15): 1980-2001 107 - 
     This study (ERA40) : 1980-2001 111 - 
     This study (JRA25) : 1980-2001 116 - 
Based on surface data   
     Sellers (1965) multiyear  30 35 
     Baumgartner and Reichel (1975)   141 147 
     Giovinetto and Bull (1987) 143 - 
     Giovinetto and Zwally (2000) 149 - 
Based on satellite data   
     Vaughan et al. (1999) 149 - 
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Figure 4. Same as Figure 2 but for 
Antarctica. 

Figure 5. Same as Figure 3 but for Antarctica. 



 
3.3 Amur River basin 

Over a river basin, P-E approximately equals to the river discharge (Eq. 3). Annual mean of P-E over the 
Amur River basin in ERA40 and NCEP-R2 agrees very well with the river discharge (Table 4). ERA15 
underestimates P-E and that in JRA25 is a little bit small. River discharge of the Amur River basin has unique 
seasonal cycle, which is double peak, one in spring and the other in fall (Fig. 6). The spring peak is probably 
caused by snow melt and the fall peak is a delayed response of the summer maximum of P-E. Interannual 
variations of P-E correspond to the discharge. The interannual variation of river discharge also corresponds well 
to that of the P-E (Fig. 7). They do not have significant trends. P-E in summer and winter also correspond well 
with the discharge in the each season. Therefore P-E is useful to investigate the hydrological process in this river 
basin. These discussions are shown in Tachibana et al. (2008). 
 
 
Table 4. Annual mean and standard deviation of P-E over the Amur river basin from 1981 to 2001. 
Correlation coefficient between discharge and P-E are also shown. Unit is mm/year. 

 ERA15 ERA40 JRA25 NCEP-R2 Amur (Obs.)
mean 62 181 113 177 194 
std. 47 57 56 46 28 
c.c. 0.69 0.74 0.67 0.67 - 
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Figure 6. Same as Figure 2 but for the 
Amur River basin. 

Figure 7. Same as Figure 3 but for the Amur River 
basin. 

 
3.4 Ice cap on Mt. Wrangell 

P-E is a source of snow accumulation over ice cap. Yasunari et al. (2007) estimated the snow accumulation 
(SA) in 5 seasons from ice core in Mt. Wrangell. Periods of annual and monthly means are from 1992 to 2002. 
For the monthly mean of SA, the values in 1992 and 2002 are not included, because the seasonal cycle of SA in 
that years are different, compared with SA in other years. Annual mean values of P-E are smaller than the snow 
accumulation by one third (Table 5). In the ice cap on Mt. Wrangell, snow accumulation shows the maximum in 
fall (Fig. 8). Seasonal cycles of P-E from reanalyses have also peaks in fall (September, Fig. 9). This means the 
reanalyses roughly captured seasonal cycle of snow accumulation in this region. For the interannual variations, the 
snow accumulation from ice core and JRA25 correspond well each other (Fig. 10). They do not have trends.  

The estimate of P-E from a grid point near the Mt. Wrangell have some difficulty, because of difference of 
resolutions between ice core and reanalysis, representativeness of estimation by ice core, underestimation of P-E in 
reanalyses and so on. At the same time these results indicate a possibility to discuss seasonal pattern and 
interannual variation of P-E in a grid scale. 
 



 
Table 5. Same as Table 4 but for Ice cap on Mt. Wrangell. 

 ERA40 JRA25 NCEP-R2 Ice core
mean 884 703 739 2451 
std. 142 99 155 403 
c.c. 0.29 0.71 0.17 - 
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Figure 9. Same as Figure 2 but for Ice 
cap on Mt. Wrangell. Unit is mm/year. 

Figure 8. Seasonal cycle of snow accumulation 
from ice core. Unit is mm. Note that these are 
integrated values in each season. Lengths of 
time are different in 5 seasons. 
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Figure 10. Same as Figure 3 but for Ice cap on Mt. Wrangell.

4. Summary 
Net precipitations (P-E) estimated from "recent" reanalyses data are generally valid to discuss the seasonal 

cycle or inter-annual variation of the freshwater flux, river discharge and snow accumulation. However, it is still 
needed to compare quantitatively with the observations. It is also important to continue meteorological and 
hydrological observations. As was expected, a grid scale is hard to estimate P-E from a reanalysis, but not so bat. 
On the other hand, for large scale, river basin, Antarctica, Arctic Ocean, the P-E provide reasonable annual mean 
values, seasonal cycle and interannual variations are also consistent with observations and previous studies. Thus, 
the reanalyses are useful data set for the analysis of the hydrological processes. 
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