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Abstract 11 ig likely that increasing concentration of greeshouse gascs will lead o higher temperatures and changes in
precipitation patterns and other climatic varibles. These changes can in turn impact on streamflow hydrology and thus the
management of land and water resources. In this paper, five statistical tests are applied 1o the annual streamfiow volumes and peak
d:acharg,us of 142 rivers throughout the world 1o investigate whether &tausumlly significant jrends or changes in means can be
detwcted in the historical btrcam{low series, The rivers arc located mosti} in North America, Europe and cast Australia, have at
least 50 years of daia and drainage arcas larger than 1,000 k2 The analyses indicare that although trends and changes are detected
by some of the statistical tests at several Jocations, except for cortain parls of Morth America, 4 hcy are not consistently observed
throughout spuéi'i(, regions. It can be concluded that there 18 no clear evidence yet of climate change in the annual sireamilow
volumes and pedk discharges of rivers in the world, However, it should be noted that the detection of tend is difficult because of
the short period of record, high inter-annual variability, lag between increased concentration of greenhiouse gases and the climatic
variahles alfecting strecamflow and Iand use changes masking the daia,

1, INTRODUCTION

It is likely that the increasing concentration of greenhouse
gases will lead {0 higher temperatures and changes in
precipitation patterns and other climatic variables (sce
Houghton ef al., 1990} Although relating past climate 1o
changes in the concentration of greenhouse gases is cenral 10
the detection probiem, it is difficult 1o detect trends in
historical data because of the large variability and the
refatively short period of instrumental record (soe Chisw el
al,, 1993} Nevertheless, analyses of iomperature records by
various researchers (see Jones e af., 1986; Elisagsser a1 al.,
1986; and Wigley ¢ ¢f., 1986) have indicated that the mean
global surface air temperatore has increased by 0.5°C since
the beginning of this century.

Although the mean global surface air temperature is the most
L{)mm{mi; usid indicator of the state of the climate system,
wrends in other ¢limatic variables such as precipitation, sca-
level, snow, fce cover and water vapour, have also been
studied. 1a particular changes in precipitation are inportant
as they directly influence society. 1 is difficult to evaluaie
changes in hisiorical precipitation becanse of is high inter-
ﬂnmlal a«riabiijiy and high spatial variability {see McQuirk,
1982; Elliot and Reid, 1984; and Barneit, 1983). In addition,
FCgJ()I‘.d§ changes in precipiation differ markedly [rom the
global mean which i3 one reason why most studies on
precipialion changes are carricd out over regional scales.

This paper investigales whether statistically significant
trends and changes in means can be detected in the annual
strcamflow volumes and peak discharges of 142 rivers
throughout the workd, The rivers have at least 50 years of
record and drainage areas larger than 1000 km?. Five
statistical tests arc applicd to the historical data.
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This study of wends in steamflow is uselul for three main
reasans, First, changes in streamilow are usually amplified
in runoff (see Chiew ef al,, 1985}, and thercfore it should be
easier o detect climate change in runoff than in rainfall
{although the inter-annual variabil iiy of runoff is generally
higher than the variability of rainfall). Sccond, streamflow
data integrates some of the spailal vaﬁabﬂﬁy within the
catchment. As such, a single streamflow gauging station
may provide as much information as rainfall ume series from
several rainfall stations in the caichment. Third, a study of
changes in runoif is baporant because tunoff influences
direcily ihe managoment of land and waler resources.

2. STREAMEFLOW DATA

The anneal flow volumes and peak discharges are setected
from the global streamflow dataset of McMahon et al.
(19923 In pru;mrirasz the dataset, offorts were aken by
Mchahon et af, (1992) 1o cnsure that the daia are for
unrogulated Dow conditions. Only stations with at feast 50
years of record and drainage arcas larger than 1,000 km? are
used.  Alwgether, 120 amwa& streamflow series and §3
anmnual peak discharge series are analysed (see Figures 1 and 2
for locations of stations). Alhough all six major continents
are reprosenied. most of the data come from North America,
Europe and ecast Australia.

The records generally extend from the beginning of this
century 1o the 19708 or early 1980s. The record lengths for
both the flow volumes and peak discharges vary from 30 {0
162 years with an average length of 68 years {a median of 61
years). The catchment arcas range from 1,000 10 8,000,600
km? wilh an average area of 225,000 km? (a median of
16,000 km?),
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Cna or none of the tests indicate siatistically significant ﬁ

trand or change in mean
< Two or three of the tests indicate an upward trend or that
the mean of flows in the latter part of the record is higher
®  Four or five of the tests indicate an upward trend or that
the mean of flows in the latter part of the record is higher
C Two or three of the tests indicate a downward trend or that
the mean of flows in the latter part of the record is lower

2 Four or five of the tesis indicate a downward trend or that
the mean of flows in the [atter pant of the racord is lower

Figure 1 Locations of streamlow gauging siations and summary of statistical analyses of annual streamflow volumes
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One or none of the tests indicate statistically significant ¥ .ccﬁ
trend or change in mean
Two or three of the t2sts indicate an upward trend or that
the mean of flows in the latter parnt of the record is higher
& Four or five of the tests indicate an upward trend or that

the mean of flows in the laiter part of the record is higher
o Two of three of the tests indicate a downward trand or that

the mean of flows in the latier part of the record is lower
# Four or five of the tesis indicate a downward trend or that

- the mean of flows in the latier part of the record is lower

Figure 2 Locations of streamflow gauging stations and summary of statistical analyses of annual peak discharges
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3. BTATISTICAL TESTS

Five siatistical tests are used - Mann (Kendall, 1970,
Cuamulative Deviation {Buishand, 19‘%2)! Woarsley L}}\chmmd
Ratio (Worsley, 1968), Disrribution-Frec CUSUM
{(MeGilchrist and Woodyer, 1973) and Kruskal-Wallis
(Sneyers, 1975). The Mann siatistic tesis whether there is a
siatistically significant trend and indicales the gencral
direction of change {upwards or downwardsy The
Cumulative Deviation, Worsley Likelihood Ratio and
Distribution-Free CUSUM iesis locate a change point, iest
whether the means in the two parts of the dataset arc
siatistically different, and ndicate which of the two means s
hwhw The Kruskai-Wallis statistic tests whether flows in
any period (a 10-year sub-period is used here} are
significandy dilferent from Hf_m:» at other Hmes.

The dann, Distribution-Free CUSUM and Kruskal-Wallis
are pon-parameiric tests, where the calculation of the test
statistic is bascd on the ranks and not the actual values of the
cecords.  The reliability of these three statistical tests
thesefore does not depend on the underlying distribution of
the observations. The Cumulative Deviation and Worsloy
Likelihood Ratio however, assume that the observations arg
me (,pcmi(,m and normaily distributed, although these tests
can still be applicd when there are shight dqmnmw {rom
normatity.  The Maan, Cumulative Deviation, Worsley
Likelihood Ratio and Kruskal-Wallis sests are recommended
hy the World Metcorological Organisation (1983) as
pmmdums for delecting trend or change i long hydrological
lime series,

4. AMALYSES aND RESULTS

The five sladsiical tests are applied 10 Hhe anaual streamilow
volume and peak dischafgc soriss. A 5% crivical value for
tworsided probability is used. The statistics therefore test the
null hypothosis H, that the cbservations are randomly
ordered versus a trond or change in mean, as 0ppos sed o the
onc-sided probabilily which iests againsi either an increase or
decrease it the data seguence.

The sweamflow serics from sach station is analysed
soparately because there i insufficient data to consider
average global runof! or average runoff over homogencous
regions.  In order w0 make some general observations,
Figures 1 and 2 illustraie locatdons whers ‘two or three’ or
‘four or five' of the statistical tests show significant trends or
changes in the means of annual streamflow volumes and
peak discharges respooiively,  Figures 3 and 4 show
randomly selected examples of the annual time serics of
streamflow volumes and peak discharges respectively whore
one o five of the osts show significant wends or changes.

[t is not the intention of this study to rigorously analyse the
dala or o nvestigale data from individual siazions in detail.
The use of a more sophisticated approach is nol approprials
as onc would be simply trying to read o much iato ihe
Himited data. Nevertheless, in general, it is difficull w
identily rends from the time series plots where fewer than
four of the five tosls detest statisticaily significant trends or
changes in means, However, where more than three tesis
show statistically significant trends, the rends can usually be
seen in the time series plots (see also Figures 3 and 4),

5. DISCUSSION

The analyses indicaie that onds and changes in the means of
the annual series (of both the streamflow volumes and peak
discharges) are delected at the 5% level of mgmizc&me by
mare than one statistical test at about 25% of the stations
and by at Teast four ests at 10% of the siations,

Analyses using the very Hmited data in Alrica and Asia
detected po%;me trends (i.c., Nows have been increasing or
mean of flows in the latter part of record s higher than that
in the carlier part of record) in the peak discharges of three
stationg in west Africa and swream{low volume of one station
in north-gast China, In North America, negative trends in
both the sucamfow volumes and peak discharges arc detected
¢usualky by three or four tests) at many siations in the north-
easi (close 10 the border of U.S.4. and Canada) and several
stations in south-west U.S.A., and p{)s;twc trends in
streamflow volumes are observed for some stations in south-
cast 1.5.A

In Burope, trends are detecicd by more than one statistical
test {generally only two or three) in iess than 10% of the
streamflow volume serics of 48 tocations and about 30% of
the peak discharge series of 36 locations. The trends, where
ohserved, are generally negative. In cast Australia, trends in
streamblow volumes and peak discharges aro {iclmm{i by more
than one statistical test at only about 15% of the 21 slations
analysed.  There is also gencrally no significant trends
observed in the limited data from South America.

The rends and changes in the means ai the 5% lovel of
significance are detected by only some of the slatistical tests
at several sites, and except for certain parts of North
America, hcy are nol consistently observed throughout
particutar regions, In addition, the rends may have resuiicd
from changes in the physical catchment characteristics
(although the flows are purported 1o be for unregulaied flow
conditions). In any case, il flow conditions have allered as a
sesnlt of climute change, they should be consistently detecied
by most of the statistical lests over spesific rogions. The
resulls [rom the analyses thus suggest that therc is 0o
evidence yer of climate change in the annual streamf(low
volumes and peak discharges of rivers in the world.

$. SUMMARY AND COMCLUSIOMS

Five statistical tests are applied 1o the anpual series of
swreamllow volumes and peak discharges of 142 rivers
throughoul the world w investigate whether statistically
significant trends or changes in means can be detected in the
historical record, The rivers are located mostly in North
America, Burope and east Australia and have at least 50 years
of datz and drainage areas larger than 1,000 km?,

Trends and changes in mean flows at the 5% level of
significance are deleciod by some of the tesis for several
incations.  However, stalistically significant trends are
detected by four or five tests at only 10% of the stations, In
any case, except for certain pants of Norith America, the
trends are not consistently observed over specific regions. It
can therefore bo concladed that there 15 no Liccxr cvuicnu: yel
of climate change in the annual streamflow volumes and
peak discharges of dvers in the world.
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Figure 3 Randomly selecied examples of annual series
of streamfiow volumes where statistically significant
trends and/or changes in means (at the 3% level of
significance) are detected by (z) one, (b) two,
{c) three, (d) four and (¢} five statistical tests
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Figure 4 Randomly selected examples of annual series
of peak discharges where statistcally significant

trends and/or changes in means (at the 5% level of

significance) are deiectzd by () one, (b) two,
() three, (d) four and (¢) five statistical tests



However, it shonld be noted that the detection of tend or
change is difficult because of the short peniod of mstrumental
record, high inter-annual variability and iag between increased
concentralion of greenhouse gases and the climatic variables
alTecting streamflow.
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