Overcoming Biases of
Precipitation Measurement:
A History of the USSR Experience
Abstract
Documenting the instrumental^ observed precipitation climate record
presents many challenges because scientists must rely on data
from stations that undergo many changes in the course of their
operation. Detecting changes from such networks is essential for
adequate understanding of climate and global change. As an
illustrative example, we review the history of the instrumental^
observed precipitation in the USSR. In the USSR, similar to other
countries, numerous problems must be addressed before reliable
estimates of precipitation can be made. The types of problems range
from inadequate and changing exposures of raingages to varying
sampling periods used to measure precipitation. Using information
about measurement procedures, instrument intercomparisons, and
field studies, various methods have been devised to overcome
biases in the measurements.

1. Introduction
Socioeconomic and biogeophysical systems rely on
an expected quantity of precipitation to function normally. Uncertain changes in this expected value are
anticipated with changes in the global mean temperature (IPCC 1990). In recent studies, changes were
detected in the land-based hemispheric and global
mean precipitation over the past 100 years (Bradley et
al. 1987; Diaz et al. 1989). The magnitude of these
changes appears to be larger than potential biases
(Diaz et al. 1989; Vinnikov et al. 1990), but thorough
analyses of the biases remain to be completed (IPCC
1990). Moreover, the possible connection of these
changes to the global warming that has already occurred highlights the importance of accurate documentation of precipitation climatologies at regional as
well as hemispheric and global space scales. Careful
analysis of this information is required because changes
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in operation and instrumentation have unintentionally
introduced inhomogeneities into the data record; that
is, apparent changes in the climate record that were
not climate induced.
In the USSR, which accounts for almost one-sixth
of the global landmass, a large positive precipitation
trend was noted during the 20th century and was
reported by the IPCC (1990). This trend was one of the
largest-scale positive trends of precipitation found
anywhere on the globe (9%/100 years). The sign of
this trend is consistent with climate modeling experiments with enhanced concentrations of greenhouse
gases. The magnitude of the precipitation trend, however, is considerably greater than the models would
suggest. The need to understand the robustness of
the data from which such a large trend is derived is
very important with respect to projections of future
change.

2. The history of precipitation
measurement
Routine meteorological measurements began in Russia during the 1830s. At that time, Academician Kupfer
established meteorological observatories in several
industrial cities under the auspices of the Department
of Mines. A network of stations grew from only 23 sites
in 1850 to 121 stations by 1880. By 1890, the land
encompassed by the Russian Empire (including Finland and Poland) included precipitation measurements at 552 primary and secondary observing stations (Fedoseev 1960). The distinction between primary and secondary stations is made based on the
comprehensiveness of the observing program. After
1890, the network grew rapidly so that by 1904 there
were 869 primary and 1607 secondary stations that
measured precipitation. Only about 3% of the stations
did not measure precipitation (Vannari 1911). The
network continued to grow during the 20th century. By
the middle of it, more than 9000 primary and secondary stations were routinely measuring precipitation.
During the 1980s, there were about 3500 primary and
10 000 secondary stations, and more than 11 000 of
these stations measured precipitation. In the last few
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FIG. 1. A depiction of the systematic changes in the precipitation network over the USSR. Characteristic ranges of the changes are
provided where possible.

years, however, the number of USSR stations has
drastically decreased due to a lack of funds. By the end
of 1990, there were approximately 3200 primary and
only 6400 secondary stations. The data from all of
these stations are routinely published and summarized.
During the last 100 years, there were a number of
important changes in the operation of this network.
Figure 1 is a schematic of the inhomogeneities among
measurements from different eras. The routine procedures for the measurement of liquid (solid) precipitation were evaluated in 1884 (1890) underthe auspices
of the Main Geophysical Observatory in St. Petersburg. At that time, it was determined that the gauges
used to measure precipitation underestimated the
true amount of precipitation, especially during the cold
season when precipitation fell primarily in solid form.
The undercatch was known to be due to the aerody-
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namic effects of the wind around the gauge. Efforts
were then initiated to minimize this systematic
undercatch of precipitation. As a result of these evaluations, a decision was made to standardize the height
of the precipitation gauges to 2 m above ground level
and to install the so-called Nipher wind shield around
the gauge orifice. The introduction of these devices
was not uniform in time. By 1904, there were still 235
primary stations (27% of the primary station network)
without Nipher shields on the gauge. Precipitation
records prior to the introduction of the Nipher shield
are certainly not homogeneous with records subsequent to their introduction during the cold season.
In the 1930s, the need for meteorological observations at airports was responsible for a small (several
tens) number of stations to relocate at airports. More
often, however, new meteorological stations were
established at the airports. This is significant because
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it meant that after this time the instruments became
more exposed to the effects of wind, as they were
located in unobstructed terrain adjacent to runways
and open fields.
Even with the Nipher shield, however, which was in
use until about 1952, mean undercatch of precipitation
was still significant during winter. In the late 1940s to
early 1950s, the USSR changed to a gauge invented
by Tretiyakov. This gauge was much more accurate
for measuring solid precipitation (the amount of snow
recorded by the new gauge increased 5% to 40%). In
the Arctic regions, the introduction of this instrument
irreversibly broke the homogeneity of precipitation
time series for all stations.
Beginning with the middle 1930s, precipitation measurements were made twice, rather than once, per
day, and were then increased again to four times per
day beginning in January of 1966 at all primary stations except those stations within the three time zones
7 to 9 h ahead of universal time coordinated (UTC).1 At
the same time, a decision was made to correct the data
for the moisture that adhered to the containment walls
of the gauge at all stations. The decision was motivated by the additional loss of moisture when increasing the sampling frequency from two to four observations per day, but the wetting corrections were applied
to all stations, both primary and secondary. This is
particularly important in the USSR because volumetric
measurement techniques2 are used (as opposed to
dipsticks used in the United States). Each station
received a set of instructions that pertained to this socalled "wetting correction." The wetting correction was
applied at the station prior to distributing and archiving
the precipitation data. The size of this correction was
usually 5% to 15% of the measured precipitation
amount, but for the regions with a small amount of
precipitation (east Siberia in winter, middle Asia in
summer) it comprises up to 40%. These corrections
have been published since 1967 in Meteorological
Monthly Summaries in the USSR.
Unfortunately, the wetting correction as applied in
1966 turned out to be insufficiently tested. The corrections overcompensated for the bias. In addition, they
were not introduced simultaneously at all the stations
within the network. Beginning in January of 1967,
however, the method of calculating these corrections
was changed.

These corrections were based on controlled laboratory field experiments where residual solid and liquid
moisture on the containment walls could be properly
weighed and measured. These more recent wetting
corrections have been applied to the data prior to their
transmission out of the station. This procedure continues today. The data published in reference books and
computer archives for 1966 have been corrected by
the less reliable adjustments. Prior to 1966 the data
published in reference books do not have a wetting
correction.
The absence of a wetting correction for the change
in sampling frequency from one to two observations
per day which occurred around 1936 often is considered insignificant by Soviet climatologists. Although
the quantity of moisture that remained on the gauge
walls (the unmeasured precipitation) would have increased at this time, Shver (1976) argues that this
increase was negligible because she did not notice
any discontinuity in the precipitation data she analyzed.
Once again, in 1986 a decision was made to change
the sampling period to two times per day at primary
stations. The entire network now measures precipitation twice per day, except the primary stations 3 hours
ahead of UTC, where they still read four times per
day.
The changes in the method of precipitation measurement that we believe to be most significant occurred in the beginning of the 1890s, in the late 1940s
and early 1950's, and again in 1966-67. these changes,
along with other changes, are illustrated in Fig. 1. The
likely impact of these schematically depicted changes
on the homogeneity of the precipitation record is
depicted by the changes in eithersolid or liquid precipitation. The next section explains the rationale for the
expected biases.

3. Toward developing homogeneous
precipitation time series

Although it is estimated that the installation of the
Nipher shield increased precipitation measurements,
the exact inhomogeneities caused by it are unknown
because most gauges used prior to 1890 were not of
uniform design, and adequate descriptions of these
gauges have not survived. For these reasons Shver
(1976) recommends that researchers focus on pre1
The USSR spans 11 time zones (3 to 13 h ahead of UTC; beginning
cipitation
changes over the USSR territory beginning
from spring 1991—2 to 12 h ahead of UTC). In this paper, old time
with 1891, and avoid the use (or study separately) of
zone numbers are used.
2
Volumetic measurements used for nonrecording gauges in the
early precipitation data prior to the installation of the
USSR (and in Europe, Canada, and many other countries) consist
Nipher shield (especially during the cold season). The
of pouring the rain (or melted solid precipitation) collected by the
use of data subsequent to 1890, however, still requires
gauge bucket into a measuring glass. A small, but significant, portion
a number of corrections. Table 1 contains a number of
of water adheres to the bucket walls and is not measured by the
examples of the correction coefficients, Kv K2, and K3
glass container.
Bulletin American Meteorological Society

1727
Unauthenticated | Downloaded 01/09/23 02:53 AM UTC

TABLE 1. Representative values of the Kv K2, and K3 correction coefficients for different sites over the USSR territory. K1 is a gauge type
correction; K2 is a correction for aerodynamic effects of the wind; and K3 is the wetting correction (Reference Book on the Climate of the
USSR 1966-1969).

Lat.
Long.

K1
K2
K3

61.5N
38.9E

1

1.23

1.22

2

1.63

1.60

3

0.14

0.14

51.6N
45.5E

52.7N
85.0E

38.0N
58.3E

53.1 N
105.5E

56.3N
160.8E

1

2

3

5

1.22

1.10

1.00

1.00

1.47

1.27

1.06

1.05

0.12

0.12

0.12

8

9

10

11

12

1.00

1.00

1.00

1.00

1.12

1.21

1.04

1.04

1.07

1.13

1.33

1.55

0.08

0.07

0.07

0.10

0.14

0.14

0.13

1

1.21

1.25

1.19

1.03

1.00

1.00

1.00

1.00

1.00

1.03

1.10

1.22

2

1.54

1.62

1.40

1.14

1.04

1.02

1.02

1.02

1.04

1.13

1.25

1.56

3

0.08

0.08

0.09

0.10

0.08

0.08

0.06

0.08

0.10

0.11

0.09

0.08

1
2

1.15
1.38

1.15
1.38

1.18
1.44

1.09
1.20

1.00
1.03

1.00
1.03

1.00
1.02

1.00
1.02

1.00
1.03

1.05
1.16

1.15
1.37

1.16
1.42

3

0.12

0.11

0.11

0.10

0.11

0.06

0.05

0.06

0.08

0.07

0.09

0.10

1
2

1.04
1.11

1.05
1.11

1.01
1.07

1.00
1.03

1.00
1.02

1.00
1.02

1.00
1.02

1.00
1.01

1.00
1.01

1.00
1.02

1.02
1.03

1.02
1.05

3

0.08

0.06

0.06

0.06

0.06

0.12

0.12

0.12

0.12

0.08

0.08

0.07

1

1.09

1.09

1.10

1.13

1.05

1.00

1.00

1.00

1.00

1.10

1.10

1.09

2

1.16

1.16

1.24

1.24

1.06

1.03

1.03

1.03

1.03

1.15

1.24

1.16

3

0.40

0.40

0.35

0.15

0.15

0.10

0.08

0.08

0.16

0.15

0.20

0.30

1
2

1.62
1.85

1.59
1.83

1.65
1.90

1.53
1.63

1.08
1.20

1.01
1.07

1.01
1.06

1.01
1.05

1.01
1.05

1.12
1.23

1.55
1.74

1.55
1.77

3

0.06

0.05

0.08

0.08

0.14

0.12

0.08

0.06

0.09

0.05

0.04

0.05

which are recommended for unbiased homogeneous
precipitation records. The rationale for the use of K1
and K 3 are discussed in this section while the discussion regarding K2is deferred until the next section. The
K1 coefficient is used to relate precipitation between
different gauge types and K3 is used to correct for
changes in observing procedures. These two coefficients help produce homogeneous time series. The K2
coefficient provides a means to overcome the aerodynamic effects of wind and it provides the means to
estimate the true precipitation that would have fallen at
ground level.
The decision to change to a new type of gauge in the
late 1940s and early 1950s was associated with longterm experimental studies as described by Tretiyakov
(1952), which indicated that a new shield could be
made more effective with respect to reducing aerodynamic effects of the wind around the gauge in the cold
season. Since the USSR gauges are mounted 2 m
above ground (to prevent nonprecipitating snow from
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Months
6
7

4

blowing into the gauge) the effects of the wind on solid
precipitation can be large, but during summer the
differences between the old and new shields are
minimal. Concern about the impact of the new gauge
led to the simultaneous measurement of precipitation
from the two gauges set side by side. This parallel
testing of the old Nipher shielded gauges and the new
Tretiyakov gauges took place at about 240 stations
across the USSR for a period of three to four years.
These simultaneous measurements made it possible
to develop monthly adjustment coefficients for the
change in gauges (Hydrometeorological Service of
the USSR 1964). These monthly adjustment coefficients, K1 (Table 1), are particularly useful for adjustment of precipitation normals derived from the measurements using the Nipher shields.
Experience has shown that the K1 coefficients (Shver
1965,1976) have a standard error of estimate of about
10% when used to estimate the monthly precipitation
that would have been measured by a Tretiyakov
Vol. 72, No. 11, November 1991
Unauthenticated | Downloaded 01/09/23 02:53 AM UTC

(TRET) gauge instead of a Nipher (NIPHER) shielded
gauge:
TRET = (K,)NIPHER.

(1)

The introduction of the wetting correction in 19661967, along with the change to four observations per
day, again broke the precipitation time series homogeneity, and still did not produce measurements of the
true precipitation. Struzer (1975) shows that some
portion of the unmeasured precipitation due to the
adherence of moisture onto the containment wall is
compensated by the reduced evaporation from the
gauge due to more frequent sampling.
Beginning in January 1967 and continuing through
the present, the rules used to correct for the moistening in the gauge consisted of the following:
a) If precipitation occurs between the measurements,
but no moisture runs out of the bucket when emptied, then do not apply a correction.
b) If the precipitation is less than one-half of the
smallest-scale division of the measuring glass (0.1
mm), but moisture runs out of the bucket when
emptied, then for liquid and mixed precipitation add
0.1 mm to the total, but do not make a correction for
solid precipitation.
c) If 0.1 mm or more of precipitation is measured
(more than one-half of the smallest-scale division of
the measuring glass), add 0.2 mm to the total for
liquid and mixed precipitation and 0.1 mm for solid
precipitation.
During 1966, the wetting corrections were greater
for solid precipitation. There was no differentiation
between solid, mixed, and liquid precipitation. These
corrections turned out to be too large, and they were
discontinued after 1966. As a result, the published
data during the cold season for 1966 are systematically too high when compared to other years.
One can attempt to produce homogeneous time
series of precipitation by accepting the existing moistening corrections as the standard. In this case the last
change in the number of observations per day occurred in 1986. This change is probably insignificant,
however, since the wetting correction was consistently applied prior and subsequent to 1986. The
Reference Book on the Climate of the USSR (1966—
1969) contains the estimates of the proportion of the
total mean monthly precipitation that adhered to the
bucket walls (K 3 ) for every station in the USSR (see
Table 1). These coefficients make use of the high
correlation of the wetting correction with the number of
observations per month with solid, mixed, and liquid
precipitation.
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The values of K3 in Table 1 and in the Reference
Book on the Climate of the USSR (1966-1969) were
estimated based on two observations per day. Up to
1936 however, observations for USSR stations were
made only once per day, so it is recommended that
prior to 1936 the additional moisture needed to make
these values consistent with subsequent observations should be only one-half of K3. So, to correct the
time series for the unapplied wetting correction prior to
1936, the following equation is appropriate:
PMOIST = PORIG + [(0.5/C3)PORIG)],

(2)

where PMOIST is the adjusted data for wetting corrections and PORIG is the originally measured precipitation. For the period 1936-1965 the full value of the K3
correction should be applied to the observational data:
PMOIST = PORIG + [(K 3 )PORIG].

(3)

The investigations made in the 1960s (Nechaev
1968; Golubev 1969) estimated the magnitudes of
another source of the raingage undercatch that was
caused by evaporation during the period between the
cessation of precipitation and the time of measurement. For the Tretiyakov gauge, these evaporation
losses appear to be three to four times greater than for
the old Nipher shielded raingage (Golubev 1969). The
values of these losses changed in 1936, 1966, and
1986 with the changes in number of measurements
per day. So even after application of corrections (1),
(2), and (3), some instrumental inhomogeneities in the
USSR precipitation time series still exist, but they are
relatively small compared to other sources of
inhomogeneities discussed previously. Figure 2 provides the estimates of the mean July evaporation
losses in percentage of the measured monthly precipitation for the period 1953-1965, when precipitation
measurements over the whole country were made
twice per day by Tretiyakov gauge. For other periods,
these losses are much less than presented in Fig. 2.
The magnitude of losses in middle Asia, despite their
large percentage, is relatively small because of the
small amounts of precipitation at this time of year.
It should be noted that the increase in number of
daily measurements in 1936 slightly diminished the
measured precipitation amount due to increase of the
wetting losses, which was significantly greater than
the decrease of the evaporation losses. The decrease
of this number in 1986 also slightly diminished the
measured precipitation amount due to increase of the
evaporation losses (wetting losses did not change at
that time because of application of wetting correction).
Both of these minor changes are schematically depicted in Fig. 1.
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FIG. 2. Mean July evaporation losses (%) from the Tretiyakov gauge for twice per day precipitation measurements (Nechaev 1968).
Dashed lines surround the areas with 3% of losses.

Equations (1), (2), and (3) can be used as a first
approximation to help produce time series that can be
used in climate change studies from the introduction of
the Nipher shield (see Fig. 1) to the present. This is
generally true everywhere except in the Arctic and
coastal regions of the far eastern portion of the country
where the measurements of the two different gauges
appear to be incompatible.
The development of suitable methods to homogenize the precipitation measurements in the Arctic
regions of the USSR remains an elusive task. In
general, the measurements obtained in the Arctic are
a complex function of precipitation type and intensity,
wind speed, the degree of protection from the wind at
the gauge site, and the gauge type (Bryazgin 1972;
Prik 1965). In specific episodes of solid precipitation
the measured precipitation can vary from the true
precipitation by 100% or more (as estimated by various methods).
Thus far, we have not discussed the inhomogeneities
that arise in precipitation time series due to station
relocations and changes in the vicinity of the gauge
sites. Although these effects may cancel when large
areas and many stations are used, in order to document regional climate variations these effects cannot
be disregarded. They can significantly alter the mea1730

sured precipitation amount, especially during periods
of solid precipitation. It is possible to identify suspect
stations with the aid of station history information.
Using this information it may be possible to correct the
data for inhomogeneities via statistical approaches if
the station density is high. Unfortunately, because
precipitation measurements typically have relatively
low spatial correlation and high variances, a very
dense network of stations is required to correct for
these problems.
To help overcome the problems associated with
station relocations and changes in the environment
around stations in the USSR, Groisman and Koknaeva
compiled pertinent metadata for the 600-station precipitation dataset used by Vinnikov et al. (1990). The
metadata were derived from station histories (or "Passports") provided by the publications, History and Physical-geographic Description of Stations and Gauge
Posts [which was published as a part of the Reference
Book on the Climate of the USSR (1966-1969)]. In
addition, they used station history information from the
last 30 years collected at the World Data Center B for
Meteorology (WDC-B) (Obninsk). The Groisman and
Koknaeva metadataset and the 600-station network
dataset are also available from WDC-A (Asheville).
The metadata include all available information on:
Vol. 72, No. 11, November 1991
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1) the dates of changes in gauge type,
2) the coefficients Kv K2, and K3, and
3) information on changes that can influence the precipitation time series homogeneity, e.g.,:
a) information about the periods with nonstandard
gauge installation,
b) the dates of the potentially significant changes in
the local environment around the gauge,
c) information on changes in gauge undercatch
due to changes in exposure of the gauge, and
d) comments about station relocations or other
changes that may have affected the precipitation
homogeneity.

4. The estimation of true
ground-level precipitation
A study of the land-based water balance of the earth
was made in the 1960s and 1970s in the USSR. The
results of this work are summarized in the publications
World Water Balance and Water Resources of the
Earth (1974,1978). Within the framework of this study,
there were several investigations that focused on the
absolute accuracy of the precipitation measurements
in the USSR network (Golubev 1969; Prik 1965; Struzer
et al. 1965; etc.). Of particular importance was the 3year experiment that made use of the rainfall measurements from about 50 Tretiyakov gauges with
paired measurements from pit gauges3 (Bogdanova
1966). In addition, snowfall measurements from pairs
of gauges (one in a well-protected area and the other
3

The gauge is installed in the pit such that its orifice is at ground
level.

exposed to the wind) were also included in the experiment. Scale correction multiplication coefficients, K2,
were derived as a result of this work. The value of K2
is derived as a function of climatological wind speed
and temperature at the gauge site for monthly snowfall, and the climatological wind speed and precipitation intensity for monthly rainfall. These coefficients
can be used to transform precipitation normals derived from measured precipitation amounts to unbiased estimates of the true precipitation that fell at
ground level.
The K2 coefficients account for the bias associated
with the aerodynamic effects of the wind around the
gauge. The undercatch can be as high as 50% of the
measured precipitation, especially during the cold
period (see Table 1). Monthly values of K2 are published for most stations in the USSR in the Reference
Book on the Climate of the USSR (1966-1969). Table
1 shows that the K2 coefficients can be very large. The
use of these coefficients at individual stations for
individual years or months is not recommended (Reference Book on the Climate of the USSR, 1966-1969).
The reason relates to the use of climatological monthly
means of wind speed and temperature. For any given
year significant deviations from the climatological mean
can (and do) occur. By averaging across space and/or
time, the deviations are reduced and the unbiased
estimates of the true precipitation can be better estimated.
Spatial patterns of precipitation normals (80-year
averages) have been derived for the USSR and published by Shver (1976) and are also contained in World
Water Balance and Water Resources of the Earth
(1974, 1978). These normals were made using the
unbiased corrected precipitation data incorporating all

FIG. 3. Area-averaged precipitation over the USSR (37°-70°N, 25°-140°E). Value for 1966 is slightly overestimated due to confusion
during the introduction of wetting correction on the network
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the corrections K1 through K3and corrections for evaporation losses and terrain-induced precipitation effects.
To obtain mean area estimates of the true precipitation
at ground level (PTRUE), the spatial patterns can be
area-averaged. This reduces the random variability
associated with the uncertainty of the coefficients at
any one location.
The regional long-term normals can be used to
estimate the unbiased true area-averaged precipitation as a function of time. Such an approach was used
to calculate the USSR area-averaged annual precipitation depicted in Fig. 3. Specifically, the measurements from about 500 stations were corrected with the
help of equations (1), (2), and (3), converted to anomalies and then area-averaged using Thiessen polygons
to derive annual anomalies for five large regions
across the USSR. Then for each of these regions a
scale correction factor (SCALE) was calculated by the
following expression:
SCALE = PTRUE/PMEASURED,

(4)

where PTRUE is the true ground-level long-term precipitation derived from the area average of the normals
(given in World Water Balance and Water Resources
of the Earth 1974, 1978), and PMEASURED is the
mean long-term area-averaged precipitation derived
from the station data without the K 2 correction. An
estimate of the area-averaged unbiased precipitation
time series for each region was then made by:
AAUP (t) = SCALE [AAP(f)L

(5)

where AAUP is the area-averaged unbiased precipitation and AAP is the area-averaged measured precipitation (with only coefficients /C,and K3 applied, K2 is
omitted because it is already part of SCALE correction), both functions of time t. On the last step, the
five AAUP (t) time series were then area-averaged
again to obtain the time series depicted in Fig. 3.

5. Conclusions
Twentieth-century time series of precipitation for stations and areas within the USSR are inhomogeneous
if they are used without corrections. Using the coefficients K1 (the correction for the systematic change in
gauge types) and K3 (the wetting correction), a first
step can be taken toward the development of a homogeneous time series of precipitation. In the absence of
a very dense network of precipitation stations, additional metadata is required that includes information
on changes in exposure, instrument elevation, location, etc., before any individual station's time series
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be defined as homogeneous. Changes in exposure
are especially important during the cold season. Without a correction for undercatch, regional and station
averages of precipitation seriously underestimate the
true precipitation that falls at ground level. In the
USSR, coefficients have been developed to help correct for this systematic undercatch.
Traditionally, some of the most important aspects of
the USSR precipitation measurement program have
been the numerous large-scale, multiyear field experiments to help determine and minimize precipitation
measurement biases. Such a tradition has not generally been part of the American experience, but as
changes in precipitation measurement devices occur
with the introduction of new automated measurements, similar experiments may be required in the
United States.
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