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Reduction of error. i ac reduction of error (RE) statistic was first described by Lorenz (1956) as a way
of determining if a meteorological forecast was better than climatology (i.e. the mean of the meteorological
data in the calibration period). It is calculated as

where X, is the mean of the actual data in the calibration period. The value of RE ranges from + 1:0 to
— o0, with an RE = 0 being no better than climatology. Thus, RE > 0 indicates that the reconstruction is
better than the calibration period mean. However, there is no way of testing the RE for statistical significance.
Note that X, in the denominator will not produce the true corrected sum-of- mﬂcmanm _.S_omm it is an::ou_
to the <n:mnm:o: period mean. Consequently, a _E.mn difference in the calib
can lead to an RE greater than the square of the product-moment correlation coefficient. This occasional
odd behaviour suggests that the RE should be interpreted cautiously when the data contain trends or are
highly autocorrelated. Fritts (1976) notes that RE is an extremely rigorous verification statistic because it
hasno Tower bound. As a consequence, only a few bad tree-ring estimates are needed to result in a negative
RE even though most of the reconstruction is of useful quality. Because of this lack of robustness, positive
REs can be very difficult to obtain in practice.

ﬂq%«&.&i of efficiency. The coefficient of efficiency (CE), introduced into dendroclimatology only recently
(Briffa et al., 1988b), was first described in the hydrology literature as an expression of the true R2 of a
regression equation when it is applied to new data (Nash and Sutcliffe, 1971). The CE is calculated as

CE=10-|2

where X, is the mean of the actual data in the verification period. Like the RE, the CE ranges from + 10
to —co. Note that the only difference between the RE and CE lies in the denominator. Although this
difference appears to be trivial, in fact large differences in the RE and CE can occur. When %, = %, CE = RE.
However, when %, # X, RE will be greater than the CE by a factor related to that difference. This follows
by noting that for the CE, the sum-of-squares in the denominator is fully corrected because %, is the proper
mean. However, for the RE, the denominator sum-of-squares will not be corrected fully unless the calibration
period mean is fortuitously identical to the verification period mean. When this is not the case, the
denominator sum-of-squares of the RE will be larger than that of the CE and, therefore, RE > CE. Because
the CE will usually be less than the RE, it is even more difficult to pass. Like the RE, there is no significance
test for the CE, but as a ‘rule of thumb’, a CE > 0 indicates some useful information in the climatic
reconstruction.
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ABSTRACT

Influences of varying rain-gauge networks on continental and terrestrial precipitation averages (derived from data
observed on those networks) are evaluated. Unsystematically and systematically designed station networks are
considered, the latter being represented by the NCAR World Monthly Surface Station Climatology, which contains
hand-picked but time-varying networks that date back to the 1800s. Biases arising from spatially uneven and temporally
variable precipitation-observing networks can be significant.

For all the continents, except South America, sparse rain-gauge networks produce overestimates of continental mean
precipitation. Mean precipitation for South America, in contrast, is underestimated substantially by low densities of
observing stations. Sampling errors tend to be large in areas of high precipitation and in regions with strong spatial
precipitation gradients (e.g. in the Sahel). These patterns occur whether the station network has been selected
systematically (as in the NCAR network) or unsystematically.

Systematic sampling of mean precipitation (at the NCAR station locations), however, suggests that many yearly
NCAR station networks are adequate for estimating continental average precipitation. As early as 1890, NCAR networks
for Australia resolve continental average precipitation accurately. Not until 1960, however, do NCAR networks for
South America begin to resolve continental mean precipitation adequately. Regional and continental NCAR network
errors also tend to cancel one another, often giving accurate yearly estimates of terrestrial mean precipitation.

KEY WORDS Precipitation averages Rain-gauge networks

INTRODUCTION

Continental and terrestrial averages of precipitation are key components of the global hydrological cycle,
yet completely reliable estimates of these spatial means are not available (Willmott and Legates, 1991).
Even less is known about the seasonal and interannual variability in continental and terrestrial precipitation
averages. Although global climate model (GCM) simulations and remotely sensed estimates of large-scale
precipitation are improving (Legates and Willmott, 1992), historical rain-gauge records and networks
continue to comprise the bases for the most credible estimates (Legates and Willmott, 1990; Hulme, 1992).
Large-scale spatial averages made from historical data, in other words, comprise our best understanding
of the spatial, seasonal and interannual variability in continental and terrestrial averages of precipitation.
The reliability and variability of continental and terrestrial precipitation averages that have been derived
from the historical rain-gauge record are the subject of this paper.
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