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Abstract. Rainfall data for the Netherlands have been used to investigate aspects of
heterogeneity of rainfall, in particular local differences in rainfall levels, time
trends in rainfall, and local differences in rainfall trend. The possible effect of ur-
banization and industrialization on the distribution of rainfall has also been studied.
Consideration has been given to whether local differences in rainfall justify a parti-
tion of the Netherlands into regions. Finally, the degree of areal reduction in hydro-
logical design based on variation of rginfall in time and space has been investigated.
Key-words: rainfall, trend, local differences, urban precipitation enhancement,
kriging, areal reduction factor.

Trends in rainfall. The rainfall characteristics used in the investigation of homoge-
neity in time and space are total annual rainfall and annual frequencies of exceed-
ance during the summer or the winter period of certain threshold values (1, 15 and
25 mm) of daily rainfall. Time trends in these rainfall characteristics averaged over
the Netherlands have been estimated. For the period 1951-1979, the time trend is
negative for the summer period; for the period 1906-1979, the time trend is posi-
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tive for the winter period. Time trends in rainfall series were found to be related to
the occurrence of circulation types.

Local differences in rainfall. Local differences in the rainfall characteristics men-
tioned above have been investigated by using the kriging method (Matheron, 1971)
that gives the best linear unbiased predictor of such differences. As may be ex-
pected, there are local differences, both in rainfall level and in time trends in the
rainfall series with respect to the annual mean. Many of the rainfall series investi-
gated exhibit inhomogeneities. Two possible causes of these inhomogeneities are
changes in the frequency of occurrence of circulation types and anthropogenic ac-
tivities, such as urbanization and industrialization.

A possible partition of the Netherlands into regions has been investigated by using
rainfall data for the period 1951-1979. Partitions into regions are not satisfactory
for rainfall trends: both the geographical distribution of trends and the degree of
trend in some long-term rainfall records are not in agreement with a partition based
on rainfall trends over the shorter period 1951-1979. With regard to rainfall level it
suffices to assume that the design rainfall at a given location is proportional to the
mean summer or winter rainfall. Therefore, a partition of the Netherlands into re-
gions is not necessary. This is in agreement with suggestions by Buishand & Velds
(1980).

Urban precipitation enhancement. The influence of urbanization and industrializa-
tion on precipitation (urban effects) has been investigated by using the method of
Lowry (1977), which allows for changes in frequency of occurrence of circulation
types.

Changes in mean daily rainfall for 32 rainfall stations between the industrialized
and urbanized period (1956-1979) and the non-industrialized period (1932-1955),
with a stratification of days according to season and type of large-scale weather pat-
tern (‘Grosswettertypen’), have been investigated. Although the results were
sometimes inconclusive and not always in accordance with the hypothesis of an ur-
ban effect, there are indications of urban effects for the zonal circulation type and
for three of the meridional circulation types.

Moderate rainfalls were also found to be affected, and urban effects in the sum-
mer period increase with rainfall depth.

Areal reduction factor. Methods to estimate the statistical areal reduction factor
(ARF) can be based on annual maxima series of both point and areal rainfall
(USWB, 1957-1960; NERC, 1975); on partial duration series of both point and
areal rainfall (Bell, 1976); and on the marginal distribution of point rainfall and the
correlation-distance function (Rodriguez-Iturbe & Mejia, 1974; Buishand, 1977).
All these estimators were found to produce similar values of the areal reduction fac-
tor for daily rainfall (ARF,,) for three areas each of about 1000 km? in the Nether-
lands. These estimates of ARF,, are somewhat lower than those of USWB
(1957-1960) for the USA and those of NERC (1975) for Britain, and they are in
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reasonable agreement with earlier estimates of ARF,, for the Netherlands. ARF,,
depends strongly on season and on return period.

For small areas, ARF,, is underestimated by the method which uses the marginal
distribution of point rainfall and the fitted correlation-distance function. This is due
to the large discontinuity at the origin of the fitted linear correlation-distance func-
tion:

r(h) = QO+ 0h7

where
r(h) is the correlation coefficient at distance h
0,, 0 are parameters.

A mixture of two exponential functions:

r(h) = g, exp (—6;h) + (1-gy)exp(—6,h)

does not provide a substantially better fit to the estimated correlation coefficients,
but is continuous at the origin and, consequently, leads to higher ARF,, estimates
for small areas, although they remain lower than the ARF,, estimates for summer
daily rainfalls in the Netherlands in excess of 40 mm in Kraijenhoff (1963).

The estimates of ARF for hourly rainfall (ARF,) for the Netherlands are somewhat
lower than those given by USWB (1957-1960) and NERC (1975), probably be-
cause few hourly rainfall data were available for this study. Especially the correla-
tion-distance function for hourly rainfalls could not be estimated very satisfactorily.

To estimate daily areal rainfall, use has been made of the IRF-0 kriging theory (so
assuming that there is no spatial trend) and semi-variograms have been estimated
by the multi-realization approach. Contrary to what had been expected, in a sub-
stantial number of cases the estimated order of the intrinsic random function differs
from zero. Further research is needed on the structure identification, both on the
statistical aspects (estimation of the order k of the intrinsic random function and of
the coefficients of the generalized covariance model) and on the physical aspects
(semi-variogram or generalized covariance model to be expected under certain as-
sumptions regarding rainfall). Also the kriging predictor of areal rainfall has been
compared with the more commonly used arithmetic mean and Thiessen predictor.
All three predictors yield similar results, but the kriging predictor is more efficient.
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Abstract. In the autumn and winter of 1983/1984, a study was made on the possible
danger of medium-sized wind turbines (tower height 10-30 m, rotor diameter
7-25 m, power 50-300 kW) to birds. The main points studied were flight behav-
iour of birds approaching turbines in daylight, and number of birds killed at night.
Some attention was paid to possible loss of breeding and feeding habitat around
present sites of turbines.

Key-words: birds, wind turbine, flight behaviour, collision, ecological disturbance,
bird mortality.

Introduction. Although wind power exploited by wind turbines is thought to be
rather harmless to the environment, a possible danger could be the impact on birds
(Avery et al., 1976; Bleijenberg & Feenstra, 1982; Karlsson, 1977). Little has yet
been published to support this opinion. So the Dutch National Development Pro-
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