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ABSTRACT

Monthly precipitation based on forecasts from the new 40-yr ECMWF Re-Analysis (ERA-40) is evalu-
ated for the north polar region (the region north of 45°N), the terrestrial Arctic drainage, and its four major
watersheds: the Ob, Yenisey, Lena, and Mackenzie basins. Corresponding evaluations are performed for
precipitation from the NCEP-NCAR reanalysis, the earlier 15-yr ERA (ERA-15), and satellite-derived
estimates from the Global Precipitation Climatology Project (GPCP). Evaluations rely on an improved
gridded dataset of precipitation derived from monthly gauge data during the period 1979-93. The available
number of gauges has declined since 1993, making it difficult to perform evaluations for later years. ERA-40
depicts monthly precipitation much better than NCEP-NCAR. This is with respect to both lower mean
biases and higher squared correlations between modeled and observed grid-cell time series. Squared cor-
relations between monthly time series of ERA-40 and observed precipitation, averaged over the four major
Arctic watersheds, typically range from 0.60 to 0.90. Performance over the central Arctic Ocean is poor in
winter and spring, but improves in summer and autumn when precipitation amounts are higher. While the
overall performance of ERA-40 is better than NCEP-NCAR, it offers no obvious improvement over
ERA-15. In some respects, ERA-15 performs slightly better in summer. This lack of improvement may
relate to difficulties in assimilating satellite radiances. All of the reanalyses provide better depictions of
monthly precipitation than do the GPCP satellite retrievals. This applies to both land areas and the Arctic
Ocean. There is no clear improvement in the GPCP estimates after 1987 when the Television Infrared
Observational Satellite (TIROS) Operational Vertical Sounder (TOVS) data began to be used. The GPCP
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estimates are best in summer.

1. Introduction

Reliable estimates of precipitation with which to as-
sess climate variability and change are difficult to ob-
tain in northern high latitudes. The gauge network is
sparse and has declined over the past decade. Accurate
measurements are difficult to make. Turbulence
around gauge orifices caused by winds reduces catch
efficiency, especially for solid precipitation (Goodison
et al. 1998; Yang et al. 2001). Snow can also be blown
into gauges. Measurement errors may reach 50% and
100% in winter. Different gauge designs and shields are
used to reduce wind effects but gauge and shield types
differ between countries and even within countries.
This leads to artificial discontinuities in precipitation
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fields. Although gauge data can be adjusted (e.g.,
Groisman et al. 1991; Yang 1999), the results are by no
means perfect. Precipitation output from atmospheric
reanalyses and from satellite retrievals represent poten-
tial additional data sources for monitoring high-latitude
precipitation.

Reanalysis projects provide long time series of ana-
lyzed atmospheric fields and modeled surface fields
based on frozen forecast and data assimilation systems.
Analyzed fields, such as tropospheric pressure heights,
represent an optimal blend of a short-term forecast and
observations. Modeled (or forecast) fields, such as pre-
cipitation and surface radiation fluxes, are not directly
influenced by observations of that variable. Using a
frozen forecast and data assimilation system removes
spurious jumps and trends present in archives from op-
erational numerical weather prediction systems associ-
ated with changes in data assimilation techniques and
models. Temporal inconsistencies are still present due
to changes in observing networks (e.g., rawinsonde and
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satellite databases). Data from the European Centre
for Medium-Range Weather Forecasts (ECMWF) 15-
year Re-Analysis (ERA-15) and the National Centers
for Environmental Prediction-National Center for At-
mospheric Research (NCEP-NCAR) effort have been
widely used in studies of high-latitude and global cli-
mate. Here, we evaluate monthly precipitation for
northern high latitudes as represented by the new 40-
year Re-Analysis (ERA-40). ERA-40 performance is
assessed relative to representations of precipitation
from the NCEP-NCAR (hereafter NCEP-1) and ERA-
15 reanalyses, as well as satellite-derived estimates from
the Global Precipitation Climatology Project (GPCP).

Our evaluation has several aims. One is to assess the
potential of using ERA-40 precipitation fields as a base
for blending with gauge data, satellite-derived esti-
mates, or other reanalysis variables, to yield improved
fields of high-latitude precipitation over recent years
for which the gauge network has degraded (cf. Serreze
et al. 2003); hence, our corresponding interest in the
satellite data. The GPCP (Huffman et al. 1997) has
produced gridded fields of monthly precipitation since
1979 based on various satellite retrievals calibrated
against observations. The Climate Prediction Center
(CPC) Merged Analysis of Precipitation (CMAP) also
provides gridded fields blending satellite, gauge, and
reanalysis data (Xie and Arkin 1997). GPCP estimates
of precipitation over open ocean, especially after 1987,
are considered to be good (Huffman et al. 1997). How-
ever, the quality of these retrievals over northern high
latitudes has received little attention. Finally, we aim to
contribute to the developing Arctic System Reanalysis
(ASR), a flagship activity of the interagency Study of
Environmental Arctic Change (SEARCH) program
Science Steering Committee (SEARCH SSC 2001).
The evolving ASR will likely be based on the new
NCEP Weather Research and Forecasting System. One
step in ASR development is to establish the current
state of the art in reanalysis that must be exceeded,
presumably represented by ERA-40.

There have been a number of previous northern
high-latitude assessments of precipitation and other hy-
drologic variables from ERA-15, NCEP-1, as well as
the NCEP-Department of Energy Atmospheric Model
Intercomparison Project 2 reanalysis (NCEP-2). In gen-
eral, all reanalysis products capture the major spatial
features of observed mean precipitation (Serreze and
Hurst 2000; Serreze et al. 2003). Serreze and Hurst
(2000) found that ERA-15 performs much better than
NCEP-1. A significant problem with NCEP-1 is severe
overestimation of precipitation over land areas in sum-
mer. This is caused by excessive convective precipita-
tion, which appears to be linked to high evaporation
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rates, and, as shown by Serreze et al. (1998), excessive
downwelling solar radiation that in June exceeds ob-
served values by up to 80 W m~2 NCEP-1 also has a
poorly formulated moisture diffusion that leads to
anomalous local moisture convergence, causing
“blotchy” patterns of precipitation associated with
orography. Precipitation fields must be smoothed to
make effective use of the data (Serreze et al. 2003).
NCEP-1 effectively captures interannual variability of
monthly precipitation in many areas of the Arctic but in
general performs poorly. NCEP-2 addressed some of
the known problems with NCEP-1. However, the Arc-
tic performance of NCEP-2 is no better. Notably, it still
greatly overestimates summer precipitation over land
areas (Serreze et al. 2003).

Cullather et al. (2000) examined ERA-15 and
NCEP-1 representations of the atmospheric and sur-
face moisture budgets (precipitation less evaporation,
or P — E). The atmospheric (or aerological) budget is
obtained by adjusting the vertically integrated moisture
flux convergence by the time change in total column
water vapor (TCWV, or precipitable water). The sur-
face budget is the difference between the forecasts of
precipitation and evaporation. It appears that the aero-
logical budgets are very useful for hydrologic assess-
ments. Subsequent studies have used these data to ad-
dress variability in P — E across the Arctic (e.g., Rogers
et al. 2001). However, the aerological and surface bud-
gets for both ERA-15 and NCEP-1 are not in balance,
with lower P — E in the forecasts (Cullather et al.
2000).

A pilot evaluation of ERA-40 was conducted as part
of the ECMWF Workshop on Reanalysis, held 9 No-
vember 2001 (ECMWF 2002), see the included papers
by Serreze and Etringer (2002) and Bromwich et al.
(2002)). This evaluation used 4 yr of data (1989-92)
from a preproduction run. In contrast to ERA-15, the
surface moisture budget is in rough balance with the
atmospheric moisture budget computed from the ana-
lyzed fields, a welcome improvement in this respect.
However, two areas of concern emerged: 1) precipita-
tion forecasts from ERA-40 were no better than those
from ERA-15; 2) relative to both ERA-15 and rawin-
sonde observations, ERA-40 suffered from a tropo-
spheric cold bias centered over the Arctic Ocean, seen
in 500-hPa heights and 1000-500-hPa thicknesses. It
was most prominent in summer. Apparently, the cold
bias adversely impacted precipitation. It was traced to a
problem in the assimilation of satellite radiances over
the cloudy Arctic. While a fix was adopted, a tropo-
spheric cold bias still appears to be present in the pro-
duction run of ERA-40 (D. Bromwich 2004, personal
communication).





































































