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Detection of changes in ﬂood data in Victoria, Australia
from 1975 to 2011
Elias Ishak and Ataur Rahman

ABSTRACT
Changes in observed streamﬂow records for 131 catchments from the state of Victoria in southeast
Australia are investigated for the 1975–2011 study period. Seven ﬂood indices are considered which
are derived from annual maximum, peak-over-threshold (POT) and monthly maximum ﬂood series.
Trend analyses are undertaken using Mann–Kendall (MK) and seasonal MK tests along with the
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bootstrap resampling approach to account for serial correlation. A common trend direction in all
months in streamﬂow data for the majority of the stations has been identiﬁed by Van Belle and
Hughes’ homogeneity test. Trend analyses results show the percentages of stations exhibiting
signiﬁcant downward trends ranges from 4 to 35% at 5% signiﬁcance level, which is generally higher
than the percentage of stations to occur by chance. Good agreement is found between trends in the
AM and POT ﬂood magnitude time series, and separately in the POT ﬂood frequency time series, but
not between ﬂood magnitude and their associated frequency series. More stations with signiﬁcant
negative trends have transpired in the AM than in the POT ﬂood data series. Resemblance in the
results between both the MK and seasonal MK tests for most of the catchments is also noticed.
Key words
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INTRODUCTION
Trend detection in observed hydro-climatic records, particu-

explored their relations with global climate changes and

larly in river ﬂows, remains one of the important themes in

anthropogenic activities. Some of these studies show an

hydrological sciences especially in the light of natural cli-

increase in extreme ﬂood events. For instance, in Europe,

mate variability and potential climate change. Global

signiﬁcant positive trends in ﬂood data were detected in

climate is unequivocally changing with warming trends

the north and the central part of the continent (Lindström

detected in several regions throughout the world, evident

& Bergström ; Birsan et al. ; Wang et al. ;

from both observations and global climate model studies

Petrow & Merz ). An increasing trend for high dis-

(IPCC ). Warming of the climate system will intensify

charge was also observed in the eastern part of the

the global hydrological cycle and alter the magnitude and

continental United States (Groisman et al. ). In China,

frequency of hydrological and climate parameters such as

after evaluating the relationship between the temperature,

precipitation and evapotranspiration in a speciﬁc region

the precipitation and the streamﬂow of the Yangtze River

(Xu et al. ); that in turn will have an impact on the

basin, Zhang et al. () concluded that global warming

catchment’s hydrology. Thus, it is necessary to examine

would intensify the ﬂood hazards in the basin. At the

whether streamﬂow records exhibit evidence of trends that

same time, some studies (e.g., Burn & Hag Elnur ;

may be linked to climate change (Kahya & Kalayci ).

Milly et al. ) have shown evidence of decreasing

Many researchers (e.g., Kundzewicz et al. ; Khaliq

trends in the ﬂood data. For instance, Burn & Hag Elnur

et al. ; Ishak et al. ) in the world have outlined

() found decreasing trends in the Canadian annual maxi-

their concerns on the alterations in river ﬂow regimes and

mum (AM) ﬂow data in the south. A decrease in streamﬂow
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was also noticed in sub-Saharan Africa, southern Europe,

the IPO positive phase, respectively. Murphy & Timbal

southernmost South America and western mid-latitude

() reported that Victoria in southeast Australia has

North America after investigating the trends of observed

experienced extremely low streamﬂow since the mid-

global streamﬂow (Milly et al. ). Signiﬁcant decreasing

1990s. Stratiﬁcation of Victoria’s streamﬂow according to

trends in Turkish river ﬂow over the Marmara, Aegean,

multiple

Mediterranean and Central Anatolia region have been

catchment

large-scale

climate

conditions,

drivers,

provides

and

antecedent

signiﬁcantly

different

reported in Topaloğlu (). Hu et al. () investigated

streamﬂow distributions according to Kiem & Verdon-

trends and variability in the hydrological regimes (both

Kidd (). Limitations of the Australian studies include

mean values and extreme events) and their links with the

the restriction of their investigations to a particular region

local climate in the source region of the Yellow River over

of Australia, and their unawareness of the impact of the

the last 50 years (1959–2008). They found strong decreasing

ﬂood data dependency on the trend outcomes. An exemp-

trends in the winter (dry season) monthly ﬂows of January to

tion to these studies were the analyses undertaken by

March and September as well as in annual mean ﬂow,

Ishak et al. (, , ) that looked at trends in Austra-

annual 1-, 3-, 7-, 30- and 90-day maxima and minima ﬂows

lian ﬂood data considering the serial and inter-station

for Maqu and Tangnag catchments over the period 1959–

correlation covering the whole of Australia as one study

2008. Ehsanzadeh et al. () found that winter low ﬂows

domain. The potential impact of climate variability on the

are increasing in eastern Canada and southern British

trend results was also considered in their study. The results

Columbia, whereas they are decreasing in western Canada;

show a signiﬁcant downward trend in the Australian ﬂood

summer low ﬂows are increasing in central Canada,

data in the southeast and southwest regions, while an

southern British Columbia and Newfoundland, whereas

upward trend was more visible in the northwest region of

they are decreasing in Yukon and northern British Columbia

Australia.

and also in eastern Ontario and Quebec. While these studies

Ishak et al. (, , ) investigated trends in AM

have shown evidence of non-stationarity in hydrological

ﬂood data at 491 catchments across Australia, using the

data, some other studies did not ﬁnd signiﬁcant trends in

most extensive and comprehensive AM ﬂood database that

extreme ﬂood events (e.g., Mudelsee et al. ; Small

is now available for the ﬁrst time in Australia. Using a

et al. ). Kundzewicz et al. () showed that the analy-

subset of 131 catchments from the 491, mainly located in

sis of AM ﬂows worldwide does not support the hypothesis

Victoria in southeast Australia, this paper extends the inves-

of ever-present growth of high ﬂows. It is conclusive that the

tigations of Ishak et al. (, , ) in exploring whether

spatial patterns of changes in ﬂoods are complicated and

the outcomes are comparable when using peak-over-

vary over the world, as different conclusions have been

threshold (POT) methods as opposed to using AM ﬂoods.

drawn reﬂecting the great diversity of regional and global cli-

Trends in both POT magnitude and in number of POTs

mates (Milly et al. ; Ehsanzadeh et al. ).

per year are estimated. This paper also investigates the

Similarly, in Australia, various studies (e.g., Franks &
Kuczera ; Micevski et al. ; Kiem & Verdon )

resemblance between the trends in seasonal ﬂood data and
the identiﬁed trends in the AM ﬂoods.

have investigated the changes in river ﬂow data with emphasis on the existence of inter-annual to inter-decadal climate
variability and its impact on long-term ﬂood risks at local

STUDY AREA AND DATABASE

scales. For example, in New South Wales (NSW), the post1945 20-year ﬂood exceeds the pre-1945 20-year ﬂood for

The subject catchments of this paper are located in the state

most of the analysed catchments (Franks & Kuczera ).

of Victoria, in southeast Australia. Victoria differs from

Micevski et al. () found that ﬂoods in NSW which

other mainland Australian states in that it lies further

occurred in the negative phase of the Interdecadal Paciﬁc

south and has its major mountain ranges running east-west

Ocean (IPO) had peak discharges 1.8 and 1.7 times greater

rather than north-south. Despite its small size, Victoria con-

than ﬂoods of the same frequency which occurred during

tains many different topographically, geographically and
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climatically diverse areas, ranging from the semi-arid

longer record length is necessary to ensure any conclusions

temperate with hot summers in the west and northwest to

regarding identiﬁed trend are robust and meaningful.

wet in the southeast and to temperate and cool along the

Hence, a cut off record length needs to be selected based

coast. The catchment physiography ranges from lowlands

on the total number of stations available and their record

in the western part up to higher catchment in the eastern

length. A cut off record length of 37 years of continuous

parts of the state.

streamﬂow data covering the study period from 1975 to
2011 was arbitrarily selected for this study.

Catchment selection
Streamﬂow data
The selected catchments in this investigation are a subset
from the main catchment population used in Ishak et al.’s

Seven streamﬂow indices were used to describe the charac-

() study, with the exception that the record length of

teristics of the high ﬂow regime, that is, the ﬂoods. The ﬁrst

the current data set has been updated to capture the latest

of these is the AM ﬂow data series, which were used by

recorded data up to 2011. The data have been subject to

Ishak et al. (), for the analysis of trends in ﬂoods at 491

quality control and check. Stations with a record length of

stations in Australia. In ﬂood-rich years, the AM ﬂood data

at least 37 years with continuous records extending from

series only includes one of the largest ﬂows, while in ﬂood-

at least late 1975 only were selected. Priority was given to

poor years, a small river ﬂow is picked up that may not necess-

smaller catchments with an upper limit area of 1,000 km2.

arily be considered as ﬂood at all. Madsen et al. ()

Catchments with minimal disturbance from human activi-

recommended using the POT approach as an alternative

ties (such as deforestation, urbanization, regulations and

way to represent the high river ﬂows in a record regardless

river engineering) only were considered in this investigation.

of when they occur. The POT series in this study consists of

For the comprehensive details about the catchment selec-

a series of monthly maximum ﬂows that are made of indepen-

tion criteria readers are referred to Haddad et al. ()

dent daily maximum ﬂow series and exceed a certain

and Ishak et al. (). The ﬁnally selected data set consists

threshold. The POTs are selected to be proper peaks by ensur-

of 131 catchments with streamﬂow record length ranging

ing the river ﬂow both before and after the peak is lower than

from 35 to 85 years (median 46 years and mean 48 years).

at the peak itself. Three POT indices describing ﬂood magni-

Some 63 catchments (48% overall) have record lengths in

tude were used: the POT1 magnitude (POT1 mag.), the POT2

the range of 35 to 45 years, 45 (34% overall) in the range

magnitude (POT2 mag.) and the POT3 magnitude (POT3

of 46 to 55 years and 23 (18% overall) in the range of 55

mag.) series. The magnitude of the threshold was arbitrarily

years and greater. The catchment areas ranges from 15 to

set so that on average 1, 2 and 3 POTs, respectively, were

997 km2 (median 289 km2 and mean 324 km2).

selected per year. The monthly maximum (Monthly max.)

Elevation of the selected catchments ranges from 1.11 m
Australian Height Datum (AHD) to 705 m AHD (average

streamﬂow data series are also selected as an additional
ﬂood magnitude index.

200 m AHD; 11 catchments are over 400 m AHD and 40

In addition, the number of POTs in each year has been

catchments are below 100 m AHD). The mean annual rain-

counted to describe the frequency (annual counts) of ﬂood

fall ranges from 520 mm in the northwest to 1,769 mm in

events. In doing so, three ﬂood frequency indices have

the Otway Ranges and Eastern Highlands (median

been created: the POT1 frequency (POT1 freq.), the POT2

900 mm), while the mean annual evaporation ranges from

frequency (POT2 freq.) and the POT3 frequency (POT3

925 to 1,155 mm (median 1,030 mm). The selected catch-

freq.). These annual frequency series were derived from the

ments are mainly unregulated, have not been affected by

consequent POT magnitude series. The two POT1 time

major landuse changes over the study period and have

series describe the magnitude and frequency of the most

good data quality. The geographical distribution of the

extreme ﬂoods (e.g., rare ﬂoods), while the four POT2 and

selected catchments is mapped in Figure 1. As the emphasis

POT3 time series characterize the behaviour of the more

of this study is on identifying trends in streamﬂow data, a

moderately sized ﬂoods (e.g., more frequent ﬂoods).
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Geographical distribution of the selected 131 study catchments in Victoria, Australia.

METHODOLOGY

MK test

Three different methods were used to estimate whether there

This test is the most frequently used one for identifying

is a signiﬁcant positive or negative trend in the streamﬂow

monotonic trends in hydrological data. The null hypothesis

indices over Victoria in southeast Australia. The preference

is that the river ﬂow data (X1, X2, …, Xn) are a sample of n

was given to the non-parametric methods as these are

independent and identically distributed random variables.

robust with respect to non-normality, nonlinearity, missing

The alternative hypothesis for a two-sided test is that the dis-

values, serial dependency, censored data and outliers

tribution of Xk and Xj are not identical for all k, j  n with

(extremes) (Yue et al. ). Among the various widely used

k ≠ j. The test statistic S is estimated using Equations (1)

techniques, the selected non-parametric tests include the

and (2) and has a zero mean and variance of S computed

Mann–Kendall (MK), seasonal MK and Van Belle and

by Equation (3)

Hughes’ homogeneity of trend test. First, the homogeneity
of trend in monthly maximum streamﬂow data is assessed
before applying the seasonal MK test. Second, the MK test
is applied to detect trends in AM and POT ﬂood indices. A
brief description of these tests is presented below, but readers
are referred to Khaliq et al. () and to Van Belle & Hughes
() for comprehensive details.
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following statistic is calculated:
(3)

where tl indicates the number of ties of extent l, and L is the
number of tied groups. For the cases where n is larger than
10, the standardized test statistic (Z ), deﬁned in Equation

χ 2homogeneous ¼ χ 2total  χ 2trend ¼

m
X

 2
(Zi )2  m(Z)

(5)

i¼1

 are computed by
and the values of (Zi ) and (Z)

(4), is approximately normally distributed
8
S1
>
>
for
>
>
< σ
ZS ¼ S þ 1
>
for
>
>
>
: σ
0
for

Si
Zi ¼ pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
var(Si )

S>0
S<0

(4)

S¼0

m
X
¼ 1
and Z
Zi
m i¼1

(m ¼ 12 for the monthly data)

(6)

where Si is the MK statistic for month i, and the χ 2homogeneous
has a chi-square distribution with m  1 degrees of freedom

Consequently, for the two-sided test for trend the null

(df). To test for trend homogeneity between seasons

hypothesis should be accepted if jZs j  Zcrit , at the α level

(months) the χ2homogeneous is compared with the α level

of signiﬁcance, where Zcrit is the value of the standard

(α ¼ 0:05) critical value for the chi-square (χ2α ) distribution

normal distribution with an exceedance probability of α=2.

with m  1 df. If χ 2homogeneous is not signiﬁcant, then a valid

A positive value of S indicates an upward trend and a nega-

test for common trend is possible by referring the χ2trend to

tive value indicates a downward trend.

the α level (α ¼ 0:05) critical value for the chi-square (χ 2α )
distribution with 1 df. If χ2homogeneous is signiﬁcant the null

Seasonal MK test

hypothesis of homogeneous seasonal trends over time
must be rejected. However, trend tests for each season

This test can be used for time series with seasonal (monthly)

may still be obtained from the individual Zi if desired. It is

variation and does not require normality assumption of the

important to note that the homogeneity of the monthly

time series (Hirsch et al. ). This test is intended to assess
the randomness of a data set X (X1, X2, …, X12) and Xi (xi1,

trends is investigated ﬁrst by this method before the above
non-parametric tests are undertaken.

…, xin), where X is a matrix of the entire monthly data over n
years at a station. The test statistic is a sum of the MK statistic (S similar to that in Equation (1)) computed for each
month. The interpretation of the rest of the test is similar
to that of the MK test.

Handling serial-correlation impact
The MK test needs the time series data to be serially independent. If the data are positively correlated, the MK test
tends to enhance the signiﬁcance of trend (von Storch

Van Belle and Hughes’ homogeneity of trend test

). Thus, in the present study, the block bootstrap
(BBS) resampling approach recommended by Kundzewicz

This test aims to investigate the homogeneity of trend direc-

& Robson () is used to incorporate the effect of the

tion in different months at a given station using the

serial correlation. The process involves resampling of the

procedure developed by Van Belle & Hughes (). The

original data in predetermined blocks for a large number

test is essential, since if the trend is upward in one month

of times to estimate the signiﬁcance of the MK test statistic.

and downward in another, the seasonal MK test and slope

The autocorrelation coefﬁcients of the time series are exam-

estimator will be misleading. As a result, an overall trend

ined and tested against the critical value corresponding to

test at a station will lead to an ambiguous conclusion

the 95% signiﬁcance level as proposed by Salas et al.

when the trend, in fact, is heterogeneous between months.

(), and based on the number of adjacent signiﬁcant

For homogeneity in monthly trends at a station, the

serial-correlation coefﬁcients the block size is determined.
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Homogeneity of trend

sidered to make 1,000 resamples per station and index to
obtain a practical consistency in the signiﬁcance level esti-

The homogeneity of trend directions in months at the mul-

mates. The 1,000 trend estimates of the resamples were

tiple streamﬂow stations was assessed using the Van Belle

subsequently ranked in the ascending order. If the trend

& Hughes () method, particularly before the seasonal

of the original data series was outside the 2.5 and 97.5%

MK non-parametric test which implicitly assumes homo-

points of the ranked trends of the resamples (i.e., the

geneous

25th and 975th ranked values), the trend of the original

investigation. The procedures documented in Van Belle

data series was considered to be signiﬁcant at the 5% sig-

and Hughes’ homogeneity of trend test was applied to the

monthly

trends

in

the

time

series

under

niﬁcance level. The beneﬁts of using the BBS resampling

monthly maximum ﬂood data series and the outcomes of

approach are the preservation of the original data and

the stations exhibiting signiﬁcant trends are summarized in

the incorporation of the effects of serial correlation

Table 1. Table A1 in Appendix A (available online at

higher than the ﬁrst one. Comprehensive details including

http://www.iwaponline.com/nh/046/064.pdf) presents the

the steps involving the BBS resampling approach can be

homogeneity of trend results for the full data set. As an

found in Khaliq et al. ().

example, the computed χ 2homogeneous value for streamﬂow
station 405238 (Mollison Creek at Pyalong) is found to be
less than the critical value of the chi-square distribution

Trend index (TI)

that is equal to 19.68 with degree of freedom of 11, at the signiﬁcance level of 5% (refer to Table 1). As the calculated

To make possible a correlation analysis of trends among
the tested ﬂood indices, a TI is developed for presentation
purposes. The TI, ranges from 100 to þ100, with negative values indicating a negative trend while positive
values represent a positive trend. Hence, the higher the
absolute value of the TI, the higher the signiﬁcance of
the trend. The TI is represented as a percentage and
relates to the signiﬁcance level α (also in %), of the twosided test as

TI ¼

100  α
(100  α)

χ2homogeneous value is not signiﬁcant at this station, the
χ2trend value is compared with the critical value of the chisquare distribution with df ¼ 1 at the same signiﬁcance
level. As station 405238 has an χ 2trend value greater than
the χ 2critical (equal to 3.84), its monthly streamﬂow trends
are considered to be homogeneous, which means trends in
all months have the same direction (negative trends).
As mentioned in the ‘Methodology’ section, if the computed χ 2homogeneous is found to surpass the χ 2critical (with df ¼
11), the null hypothesis of homogeneous monthly trends

for positive trends
for negative trends

(7)

Thus, for example, a positive trend signiﬁcant at the
5% level will have TI ¼ 95%.

over time is rejected, and the applicability of the seasonal
MK test becomes questionable. However, the trend analysis
still can be undertaken by applying the MK test for each
individual month and in accounting for the serial correlation. Only 8% of the stations out of the stations
exhibiting signiﬁcant trend in the study area result in heterogeneity in monthly trends (e.g., monthly trends have

RESULTS

different directions) for stations 227210, 230206, 233211
and 233223. Trend testing at these stations was undertaken

The results are presented in three sub-sections: ﬁrst, the

for each individual month, but results are not presented in

homogeneity assumption of monthly trend is examined;

this paper. Also, in Table 1, for the stations where the value

second, all the signiﬁcance levels of the trends for the differ-

of χ 2homogeneous is less than the χ 2critical (with df ¼ 11) value,

ent ﬂood indices are assessed; and third, the resemblance

the χ2trend is compared with the table of chi-square distri-

between the trend results and their spatial distribution is

bution (with df ¼ 1) to ﬁnd out the possibility of an

discussed.

appropriate test for a common trend (for all months) at a
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Autocorrelation in annual ﬂood series

Hughes’ homogeneity of trend test

Station No.

χ2homogeneous

χ2trend

Station No.

χ2homogeneous

The outcomes of the serial-correlation analysis of the annual

χ2trend

221209

9.74

55.49a

238208

8.80

47.44a

ﬂood series recommended that for the majority of the

221210

8.12

43.95a

238223

5.21

54.80a

selected stations a block size of one should be sufﬁcient to

223204

13.95

25.32a

238229

9.01

48.28a

account for the serial dependency in the time series. This

226204

11.11

34.65a

238230

4.64

51.44a

was therefore used in the BBS approach when estimating

227200

13.40

36.54a

238235

7.66

60.73a

the signiﬁcance levels of trends. An example of the calcu-

227210

21.80b

402213

5.21

21.94a

lated autocorrelation coefﬁcients at different lag time for

227213

15.62

20.39a

404207

2.61

22.80a

14.30

a

404208

18.17

a

36.98

addition, the signiﬁcance of the lag-1 serial correlation for

a

405226

6.76

34.19a

the chosen catchments was tested at the signiﬁcance level

405228

6.27

a

25.34

405238

6.67

36.21a
a

227225
227231

7.21

229216

13.33

230202

19.83b

230204
230205

8.844
13.91

19.86

19.73

2.60

the AM ﬂood data series is presented in Figure 3. In

of 5%. The results show that 11 and 18% of the AM ﬂood
and POT3 mag. data series exhibit signiﬁcant lag-1 serial

a

405240

9.38

35.38

correlation, respectively, while 7% of each of the POT1

a

405251

6.82

18.46a

mag. and POT2 mag. time series show signiﬁcant lag-1

406213

8.27

a

55.73

51.63
46.07

b

serial correlation. For the stations where the serial corre-

230206

20.18

230211

7.34

67.27a

406214

7.61

57.73a

231213

10.02

38.11a

406215

6.64

55.78a

the signiﬁcance levels for the trend analysis were estimated

231225

16.20

lation was found signiﬁcant for more than a one-year lag,

407213

6.01

118.36a

using the longer blocks. These stations are marked and foot-

a

15.59

232200

14.80

31.79

407214

11.34

49.85a

noted in Table B1 in Appendix B (available online at http://

232210

13.70

67.86a

407217

5.18

38.36a

www.iwaponline.com/nh/046/064.pdf). It is also noted that

233211

21.33b

407220

10.84

71.93a

when a longer block size was needed for the AM ﬂood data

233215

12.00

407221

12.53

22.19a

series, the same block size was used to determine the signiﬁ-

233223

20.78b

407222

7.79

62.20a

cance levels of trends for the POT magnitude series.

234200

13.47

46.50a

407227

7.81

57.08a

236204

8.66

a

70.60

407230

8.88

57.79a

236205

3.09

52.34a

408202

16.22

73.85a

237200

3.95

a

31.14

415207

9.73

43.98a

237205

6.58

78.80a

6.50

a

238204

6.46

67.95

a

Trends in months having same direction.
Trends in months having different direction.

b

The critical values of χ2homogeneous and χ 2trend at α ¼ 0.05 signiﬁcant level equal to 19.68 and
3.84, respectively.

Trends in ﬂood index series
For each of the 131 selected stations, the signiﬁcance of the
trends, in terms of TI, in the seven ﬂood ﬂow index series
estimated using the MK test associated with the bootstrap
resampling approach is presented in Table B1, Appendix
B. As described before, when the trend is negative the signiﬁcance level (TI) is shown in negative and in italic bold. Also,
absolute values of signiﬁcance levels exceeding 95% are
shown in bold font in Table B1. These values relate to

station. The results of this option are demonstrated in the

trends signiﬁcant at the 5% level. The resemblance between

third column of Table 1, which are completely consistent

the columns in Table B1 can be evaluated using correlation

with the ﬁnding of the second column. Therefore, it is con-

analysis. This shows that there is generally reasonable agree-

cluded that a common trend is present in all months in

ment between the outcomes from the different ﬂood indices.

streamﬂow data, having a signiﬁcant trend at the signiﬁ-

Apart from the signiﬁcance level, the results display more

cance level of 5%. Figure 2 shows the outcomes of

stations with negative trends compared with stations with

testing the homogeneity of monthly trends in graphical

positive trends for the tested ﬂood indices and over the

form.

selected study period. The percentage of stations with
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Homogeneity of monthly trends based on Van Belle and Hughes’ homogeneity of trend test. Stations in grey circles have homogeneous monthly trends opposite to the stations
in black circles. Stations in white circles indicate no trend.

positive trends varies from 8 to 53%, while the percentage of

correlated with their related POT ﬂood magnitude indices.

stations with negative trends varies from 47% to 92% over

This contradiction in the outcomes can be explained by the

the study period. Overall, these results show that the

fact that a decrease (increase) in the magnitude of ﬂoods is

selected Victoria catchments are mainly dominated by nega-

not necessarily related to a decrease (increase) in the fre-

tive trends in the ﬂood data series with at least 47% (POT1

quency of ﬂoods with which they occur. A comparable

mag.) and at most 92% (AM) of stations showing negative

conclusion has also been reported in Svensson et al. ().

trends. This conclusion tallies with the ﬁnding documented
in Ishak et al. ().

The trend analysis results show that for both the ﬂood
magnitude and frequency index series, there are generally

Table B1 shows very good agreement between the ﬁrst

slightly more stations exhibiting signiﬁcant negative trends

two columns of the ﬂood magnitude indices (i.e., AM and

than signiﬁcant positive trends. The percentage of stations

monthly maximum) and generally between the different

with signiﬁcant negative trends ranges from 4 to 35%,

ﬂood indices. The TI results show that 42% of the stations

while the percentage of stations with signiﬁcant positive

with signiﬁcant trend are common between the ﬁrst two col-

trends varies from 1 to 5%. It is noticeable from Table B1

umns of Table B1 (MK and seasonal MK tests). Similar results

that more signiﬁcant negative trends may transpire in the

are also found between the three POT ﬂood frequency indi-

AM ﬂood data series than in the POT ﬂood magnitude

ces, and between the AM, monthly maximum and POT3

series, particularly when a sequence of low ﬂood peaks

mag. ﬂood magnitude indices. However, the columns show-

appear at the end of a time series with trend. These ﬂood

ing the POT ﬂood frequency indices are not signiﬁcantly

peaks may be too low to be chosen for the POT analysis,
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whereas one event per year is included in the AM ﬂood data

respectively, are higher than the number expected to have

series, which occasionally result in steeper slope and longer

occurred by chance at the signiﬁcance level of 5%. For

time series. A comparison of the AM ﬂood and POT1 mag.

instance, for the POT3 mag. ﬂood data series, ten stations

time series plots for stations 236204 and 405238 is presented

out of 131 (8%) show a signiﬁcant downward trend. This

in Figure 4 for illustration purpose. Due to this difference in

is greater than the around six stations which would be

signiﬁcant trends between the POT and AM ﬂood series, it

expected to exhibit a trend by chance at the signiﬁcance

possibly would be more useful to include a larger amount

level of 5%. Similarly, the numbers of stations exhibiting sig-

of data into the trend analysis in some other way than

niﬁcant negative trends for POT ﬂood frequency indices are

through the simple POT approach used in this paper.

also judged to be statistically signiﬁcant at the same signiﬁ-

Moreover, the numbers of stations exhibiting signiﬁcant

cance level. In contrast, the trends in the POT1 mag. and

negative trends for the AM, monthly maximum and POT3

POT2 mag. indices (4% for each) are judged to be statisti-

mag. ﬂood magnitude series, which are 18%, 35% and 8%,

cally insigniﬁcant at the signiﬁcance level of 5%. Also, the

Figure 4

|

Comparison of AM (Ann. max.) and POT1 magnitude (POT1 mag.) ﬂow time series for stations 236204 and 405238.
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Spatial distribution of the stations exhibiting signiﬁcant trends for the four ﬂood magnitude indices using MK test and BBS. Negative trends are shown in ﬂipped black triangles,
positive trends in black triangles and no trends in white circles.

percentages of stations with signiﬁcant positive trends are

data series and for the POT indices (as they are based on

judged to be statistically insigniﬁcant at the signiﬁcance

the monthly maximum series) do not need to be revised.

level of 5% for the different ﬂood indices.

This assessment is predictable, because of the strong simi-

The spatial distribution of stations showing signiﬁcant
trends for the different ﬂood magnitude indices over the

larity in the results between both the MK and seasonal
MK tests for most of the catchments.

study period are shown in Figure 5, whereas Figure 6 presents the graphical distribution of the signiﬁcant trends in
monthly maximum streamﬂow data series. When inspecting

CONCLUSION

the results given in the second column of Table 1, the
reliability of the trend indications in Figure 6 is shown by

This study examines trends in the ﬂood data at 131 catch-

another approach since seasonal trends in most stations

ments, mainly located in Victoria in southeast Australia.

turn out to be homogeneous. Out of 131 catchments, 15

This considers the monthly maximum, POT and AM ﬂood

stations exhibiting signiﬁcant negative trends have been

data. The trends in monthly maximum ﬂood data have

detected by both MK and seasonal MK tests. The resem-

been found to have the same direction (in all months) for

blance between Figures 6 and 3 suggests that the results

the majority of the tested catchments, based on Van Belle

obtained in this section for the monthly maximum ﬂood

and Hughes’ approach, and hence the monthly streamﬂow
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Seasonal MK trend test results for monthly maximum ﬂood data series; stations exhibiting signiﬁcant trend are represented by ﬂipped black triangles.

trends are considered homogeneous for the monthly maxi-

The trends analyses in this paper provide evidence of

mum streamﬂow time series. It has been found that the

existing downward trends in the ﬂoods for the state of

selected Victoria catchments are mainly dominated by nega-

Victoria over the 1975–2011 study period. The presence of

tive trends in the ﬂood data series with at least 47% (POT

trends in streamﬂow patterns over the state of Victoria

data series) and at most 92% (AM data series) of stations

may be attributed to the observed decreases in rainfall (Alex-

showing negative trends.

ander et al. ) and, to some extent, to increases in

The trend analysis results reveal that the numbers of

temperature (Alexander & Arblaster ), or due to climate

stations exhibiting signiﬁcant negative trends for the AM,

change anthropogenic activities (Milly et al. ). There-

monthly maximum and POT3 mag. ﬂood magnitude series

fore, it is plausible to investigate the interconnection

are higher than the number expected to have occurred by

between the trends in rainfall, temperature and streamﬂow

chance at the signiﬁcance level of 5%. Similarly, the num-

variables in considering Australia as one study domain,

bers of stations exhibiting signiﬁcant negative trends for

prior to assessing the potential impact of climate change

POT ﬂood frequency indices are also judged to be statisti-

on these observed trends in ﬂoods.

cally signiﬁcant at the same signiﬁcance level. Conversely,
the trends in the POT1 mag. and POT2 mag. indices are considered to be statistically insigniﬁcant at the signiﬁcance
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