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Regional precipi t ation modificat ion by urbanizat ion
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ABSTRACr. Urbanization and industrializa tion change precipitation characteristics by modifying the
local climate and generally increasing precipitation and precipitation related activity. Multivariate statistical
tests are used in this study. 10 detect the significance of changes in mean values of precipitation in urban areas...
These tests are useful to simultaneously analyze the data from :l number of stations in a region and to arrive
at inferences abo ut cha nges in precipitation in urban areas. The spatial correlation structure of multivariate
data enables better quantification of the effects o f urbanization on precipitation than analysis of data from single
stations. The P-t~st and. a, te~t based on the analysis of variance ~re used in the present study to test the signi
ficance of changes In prectpuanon mean values. Annual precrpitau cn data from several stations in the Lapone
SI. l ouis, Tulsa and Kansas city areas in the United States are analyzed and the results are presented. .

t. Introduction

Precipi tat ion and related activity in urban areas have
been ob served to be d itTerent and usually higher than
those in the surro unding rural areas. Urbanizati on and
ind ustria lization have been found to modify th e loca l
climate and cause these changes in precip itation charac
teristic s. A comparison of rural and urban climate s
indicate an increase in con tam inan ts (10 times), cloud i
ness (5 to 10%). precipita tion (5 to 10%), and tern
perature (0 .5 to 10 C) ann a decrease in relative humidity
(2 %), rad iat ion (15 to 20 %) and windspeed (20 to
30 %) in urb an areas o r in areas downwind of urban
areas (Landsberg 1970 a. b).

Previous investigations of the effect of urbaniz...ation o n
precipitation have indicated that the precipitation
amounts and related activity in the laPorte (Indiana),
the SI. Loui s (M issouri and Illinois), and Tul sa areas
(Oklahoma) in the United States have increased over
the yea rs. Changnon and his assoc iates (Changnon
1968, Changnon 1969, Changnon 1973. HutT& Changnon
1970, Changnon et 01. 1977. Ackerman ~I 01. 1978.
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Changnon et al. 1979, Changnon 1980 and Changno n
1981) have extensively stud ied the etTects of urbanization
on' p recipitation in th e United States . Several statistica l
methods have been used in the past for analyzing the
effects of urb anizati on on precipit ation. The se methods
include run analysis and intervention analysis.

In this paper, multiva riate sta tistical tests are used to
,!udy the covariance structure of multivariate p recipita
tion data set In a region and to detect changes in precip ita
no n meanvalue observed In urban regions. As multivaria
te tests ma ke use of the spat ial correlat ion structure of
data from several stations in a region, these tests are
more reliable than tests involvin a single stations. Annual
precipitation data rrorn several stations in laPorte
St. Lous , Kansas city and Tulsa area arc used. •

T he basic assumption made in most of these tests is
that a multivariate data set arises from a multivaria te
no rmal population . Since annual datu a rc approximate
ly normally d ist ributed, multivariate tests a re ap plicable
to annual data. Furthermore, these multivariate tests




















