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ABSTRACT

One hundred and seventeen small New Zealand drainage basins with areas of
less than 100 square kilometres were used for a regional floed frequency study.
Each basin had annual maximum flood peak series of length 10 or more years.
L-moment statistics of the flood series and basin physical characteristics were
used to classify the basins into six non-geographic flood frequency groups.
Dimensionless flood frequency growth curves for each group offer robust
alternatives to geographical regionalisation and flood contour maps.

INTRODUCTION

Floods are arguably the most common and devastating natural catastrophes
{Wallis, 1988). Reliable flood frequency information is required for developments
near rivers and streams as part of their design and protection. Small drainage
basins rarely have water-level records and engineers must rely on regional flood-
frequency methods to estimate flood exceedance probabilities.

A review of regional flood frequency in New Zealand was conducted between
1987 and 198¢ (McKerchar and Pearson, [989, 1990), and a desipn procedure
for estimating flood peak quantiles for ungauged drainage basins was developed
during this review. The procedure prescribes the 2-parameter extreme value type
1 (EV1) distribution for annual maximum flood peaks, in conjunction with
contour maps of two flood statistics, which enable flood quantile estimates to
be derived for any basin, gauged or ungauged, in New Zealand. This approach
is a form of index flood procedure: one map provides mean annual flood estimates
{Qn, “index flood™} and the other provides dimensionless I/ 100 annual exceedance
probability (AEP) flood estimates (Quoo/ Qm). (AEP = I/T, where T is return
period in years), '

For drainage basins with areas less than 10 square kilometres the design
procedure is less precise. This reflects the predominance of larger catchments
with longer annual maximum flood series, with more spatially averaged
hydrolegical response masking out the individuality of smaller basins with shorter
series; and the farger variabifity in stage-discharge rating curve extrapolation
associated with smaller basins.

In this paper robust regional flood frequency estimation procedures developed
by Wallis (1980, 1988) are applied to small basins to derive dimensionless flood
frequency growth curves for groupings of physically similar small basins. The
5-parameter Wakeby distribution fitted by L-moments or probability-weighted
moments is a robust, accurate and efficient regionai flood frequency procedure
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for homogeneous groupings of catchments, (Kuczera, 1982; Hosking et al, 1985,
‘Wallis and Wood, 1985; Cunnane, 1989). These qualities of Wallis® (1980} regional
flood frequency procedure are preserved even when there is significant correlation
present amongst annual series of a region’s drainage basins (Hosking and Waliis,
1988) or when the region is heterogeneous (Lettenmaier et al, 1987). Hosking
and Wallis (1991) have developed statistical tests based on L-moments to
investigate the homogeneity of a given group of drainage basins. These tests,
based on the L-moment ratios L-CV, L-skewness and L-kurtosis, may be used
to monitor the homogeneity of selected groups.

The initial problem is to choose candidate homogeneous groups of basins.
Traditionally regional groupings have been used (e.g. Natural Environment
Research Council, 1975; Beable and McKerchar, 1982). Acreman and Wiltshire
{(1989) review all approaches, including the use of groups of physically similar
basins not necessarily in the same geographic regions. Homogeneous groupings
of small basins are sought in this paper using a method proposed by Wiltshire
(1985) which monitors the effect on flood frequency of splitting basins into
physically similar groupings. Wiltshire’s method is advanced by using L-morments
(Hosking, 1990) of flood series to monitor the flood frequency behaviour. L-
momenis have been shown to be reliable statistics for discerning differences
and confirming similarities in flood frequency groupings and regions {Wallis,
1988, 1989; Hosking, 1990; Hosking and Wallis, 1990; Chowdhury er al., 1991
Pearson, this issue).

METHOD

Wiltshire (1985) groups basins first by splitting a set of basins into two groups
using a single partitioning value of a physical characteristic, for example, into
wet and dry basin groups on the basis of average rainfall. Measures of flood
frequency variability are then derived for each group, and aggregated into one
measure, corresponding to the group partitioning value. (Wiltshire used four
flood frequency variability measures based on fitting the generalised extreme
value (GEV) distribution to each group.) This procedure is repeated using a
range of partition values. The optimum grouping is achieved at the basin
characteristic value where the group variability statistic for floed frequency is
minimum, This process can be repeated with other basin characteristics, and
for multiple partitions of the basins,

This study used 117 small New Zealand basins (i.e. area less than 100 km?),
gach with n = 10 or more years of annual maximum flood peaks (see Appendix).
The longest annual series has 29 flood peaks. (This flood-set is the subset of
McKerchar’s (this issue) set of basins with 10 or more years of record.)

Basin characteristics investigated were basin area (A), and areally averaged
rainfall, soil, hydrogeology and slope statistics. The rainfall statistic (I24) is the
24-hour rainfall total of S-year return period (20% annual exceedance probability
(AEP) event) derived from Tomlinson’s (1980) maps. L. ranges from 45 mm
to 440 mm for the small basins used in this study. The soil property is depth-
weighted-macro-porosity (DWP) estimated from soil survey information by M.
J. Duncan (pers. comm., 1991): it ranges from 1% for impermeable basins to
299, for porous basins. The hydrogeology index (H) was developed by Hutchinsor:
(1990) using a national iand resources inventory. H ranges from 1 for low to
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FIG. I—L-kurtosis and L-skewness for 117 small New Zealand basins. The GEY distribution

Fugv‘?ztn the left of the EVI point is EV3, and to the right of the EVI point
is .

8 for high bedrock infiltration capacity and transmissibility. A slope measure
{S) used by Hutchingon (1990} was also used. It is the areally-weighted mean
slope extracted from the national land resources inventory and ranges from
2° to 35° for basins in this study. More detailed information on these basin
characteristics is given in McKerchar (this issue).

The flood frequency variability measure proposed in this paper for use in
Wiltshire’s basin grouping procedure is based on L-moments of annual maximum
flood peak data. This avoids fitting a statistical distribution to the flood data
(at this stage) and takes advantage of the superior properties of L-moments
(Hosking, 1990). The L-skewness—L-kurtosis plane serves as a useful tool for
discerning heterogeneous regions (Wallis, 1988, 1989) and is the basis of the
flood frequency variability measure required for basin grouping. L-skewness and
L-kurtosis are the L-moment ratios As/Az and A/ A2 respectively, where A, is
the r-th population L-moment (see Hosking, 1990, for definitions). A, is the
mean and Az is a measure of scale,

Unbiased estimators () of A, that are linear combinations of the flood data,
are used in this paper (Hosking, 1990; Pearson, this issue). Figure 1 shows estimates
{I3/12, 14/1;) of L-skewness and L-kurtosis for the 117 small New Zealand drainage
basins. Also shown is the record-length-weighted average ([1s/1]*, [Le/12]*) = (0.242,
0.178). L-moments and L-moment ratio estimates for each basin are given in
the Appendix.
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FIG. 2—Variation in L-moment variability measure SSL as the partition point for two-
way grouping changes for basin characteristics A, L, DWP, S and H.

The proposed measure of ficod frequency variability forlba_sin groupings .is
the overall sum of squares of deviations of individual basin L-moment ratio
estimates (131, l+/12) from their group record-length-weighted average points,

m jeH
SSL= % % [/l - [s/LF)? + ([1af Ly - [a/12]%)?
=il

where there are m groups, each comprising n; basins with group record-length-
weighted averages [1s/1;]% and [li/1o]%. SSL is the summation over all groups
of squared Buclidean distances between individual points and group averages
in the L-skewness-L-kurtosis plane. SSL. is similar to Hosking and Wallis’ (1991)
V; statistic (based on L-skewness and L-kurtosis) for testing homogenity of given
groups of basins. Their other two statistics for this purpose are Vy (based on
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FIG. 3—Surface of L-moment variability measure SSIL in the L-8 plane, for four-way
flood frequency groupings.

L-CV = I3/, alone} and V2 (based on L-CV and L-skewness). These three test
statistics each indicate that the group of 117 small New Zealand drainage basing
is heterogeneous, with an average tendency toward an EV2 distribution (as shown
in Figure 1), with shape parameter k& = -0.11 (upward curvature on an EVI
plot).

FLOOD FREQUENCY GROUPS

Figure 2 shows the change in value of the L-moment test statistic SSL as
the partitioning points for two groups on the A, Iy, DWP, H and S basin
characteristic axes are each varied. Minima in the trace of SSL occur at 100 mm
and 160 mm for rainfall L, indicating that 2 partitioning points or 3 groups
might be required for L. Slope S and hydrogeology H exhibit SSL traces with
well-defined minima, at S = 19.5° and H = 2. Grouping basins according to
basin area A and soil porosity DWP only slightly reduces SSL., implying that
for small New Zealand basins, basin area and soil do not influence flood frequency
as much as rainfall, slope and hydrogeology.

For the groups identified in the above procedure, Hosking and Wallis (1991)
test. statistics indicate the following:

— the low rainfall group is nearly homogeneous and has high EV2 tendencies
(k=-0.21),

— the medium rainfall group is heteorgeneous with respect to V; and V,,
homogeneous for Vi, and is medium EV2 (k = -0.12).

— the high rainfall group is heterogeneous and is low EV2 (k = -0.08), nearly
EVI1,

— the low slope group is heterogeneous and is low EV2 (& = -0.07).

— the high slope group is mainly heterogeneous (V) and Vi, not Vi) and is
high EV2 (k = -0.15).

Following Wiltshire (1985), a further degree of sophistication can be introduced

by a simultaneous four-way grouping based on two catchment characteristics.

Figure 3 shows the SSI. surfaces produced when the basins were divided into
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four groups according to rainfafl 14 and slops S. Two distinct mimima are
evident, indicating that a six-way split of the 117 basins at partitions I»s = 105 mm
and 155 mm and S = 19° is optimum. Table 1 defines the six groups and gives
Hosking and Wailis (1991) homogeneity test statistics. Each group is homogeneous
at least with respect to Vi, and so Wiltshire’s (1985) method using SSL has
achieved its objective.

TABLE 1—S8ix-way .partition for flood frequency of 117 small New Zealand
catchments based on rainfall ‘L4, slope S and L-moments of flood
data.

Group Definition
Number Weighted average
of  L-momeni ratios Homogeneous
Basing I/ L/L Vi Vo V; EV2k

] 1< 105mm S<19° 12 0214 01% Y Y Y 007
2 Le<105mm §=19° 9 0476 0352 Y Y Y -043
3 05<[<153mm  S<I9° 20 0238 0042 N N Y 010
4 [05<hLe<15Smm  S=I9° 29 0260 024 N Y Y -0l4
5 Lz 155mm S<I9° 24 01% 0041 N N Y 003
5 > 155mm S 23 0214 0150 N Y Y 007

A flood-frequency distribution can now be fitted to each group using group
L-moment ratio estimates. All groups, except group 5, require at Jeast a three
parameter distribution such as the EV2. To treat each group similarly, the 5-
parameter Wakeby distribution (Wallis, 1980) is used to produce dimensionless
flood frequency growth curves (Qr/Qg} for each of the six groups in Table
1. Using the Wakeby distribution, the 5 parameters allow the upper tail to be
specified independently of the lower tail, and, in the I'.-kurtosis-L-skewness space
(Fig. 1}, group average points are not forced to move to the nearest 3-parameter
distribution curve or 2-parameter distribution point. The Wakeby distribution
used with L-moments is a robust procedure (Wallis and Woods 1985; Cunnane,
1989). Even though it has five parameters, the bulk of independent data used
in pooling floods from different basins or regions, ensures the Wakeby distribution
is sensibly fitted. The Wakeby is fitted £o the six groups in Table 1 using record-
length-weighted averages of group L-moments ratios Azf A1, AsfAz, AsfAz and
Asf Aa, based on unbiased estimates of the A, (Wallis, 1980, 1988; Hosking, 1988,
Hosking and Wallis, 1990).

Figure 4 shows the Wakeby distribution fitted to each group, using the Gumbel
reduced variate horizontal scale for each plot, for which an EV! distribution
plots as a straight line. Wakeby plots for groups 1 to 4 (low to medium rainfall)
are steep, and three exhibit upward curvature for larger discharges (EV2
tendencies), whereas for groups 5 and § (high rainfall) the Wakeby curves are
flatter and show opposite curvature (EV3 tendencies). Also shown in Figure
4 are mean McKerchar and Pearson (1989, 1990) map Qieo/ Qm values for each
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FIG. 4—Dimensiosless flood frequency Wakeby distribution plots with annual flood peak
data for six rainfall-slope (I2+-3) groups defined in Table 1. 959% confidence intervals

are shown for mean McKerchar and Pearson (1989, 1990) Qiw/Qm map values
for each group. )

group, with 95% confidence intervals for each mean. For the low and medium
rainfall groups (1-4}, the map estimates are below the Wakeby plots. Mapestimates
are based on the EV] distribution (straight line on EV1 plot) whereas many
of the annual maximum flood series from small drainage basins exhibit EV2
tendencies {upward curvature). This explains the difference between map and
Wakeby estimates (Fig. 4) for groups 1 to 4. Straight line EV1 distributions
underestimate discharges of high return period for groups 1 to 4, but are
satisfactory for high rainfall groups (5 and 6).

Figure 5 shows the six Wakeby dimensionless flood frequency growth curves
(also summarised in Table 2). The similarity of these curves for groups I and
4 indicates that they could be merged into one group. Patterns exist in the
distribution of the growth curves. As rainfall increases the curves become flatter,
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FIG. 5—Comparison of dimensiontess Wakeby flood frequency curves for six rainfall-
slope {124-8) groups defined in Table 1.

and for fixed rainfall, basins with higher average slopes have steeper flood
frequency curves.

TABLE 2—Dimensionless flood frequency quantiles for the six flood frequency
groups defined in Table 1.

Group Average Average 1/AEP (=T, years):

Tza S 5 10 20 50 100 1000
(mm) {deg) -

1 79.4 14.2 138 178 220 28 328 513
2 86.1 26.5 125 184 263 411 566 157
3 127.5 12.0 145 1.50 233 287 325 442
4 127.6 248 1.3 176 221 284 336 532
5 205.6 12.0 132 159 182 209 226 268
6 198.5 26.8 135 168 200 240 268 352

MEAN ANNUAL FLOOD GROUPS

McKerchar and Pearson (1989, 1990} used contour maps of Qu/ A" to estimate
Q.. Wiltshire’s (1985} grouping procedure is used W(i,tgi Q,,}/ A '.8 to investigate
its poteniial for estimating Qm. The proposed Qm/A™ variability measure for
monitoring different basin groupings partitioned by basin characteristics is (sitmilar
to S85L above),
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FIG. 6—Variation in Qu/A®® variability measure SSQ as the partition point for two-
way grouping changes for basin characteristics Iz, DWPE, 5 and H.

m -
SSQ = _21 .21 ([Qu/ ATy ~ [Quf A"]8512
FLo=

where there are m groups, each comprising ry basins with group record-length-
weighted average [Q./ A**T*. Figure 6 shows the variation of SSQ with different
partition points for two-way groups based separately on rainfall Ipq, soll DWP,
hydrogeology H and slope S basin characteristics. Ins and DWP SSQ traces
exhibit minima. Four-way partitions using these two characteristics lead to well-
definred and reduced SSQ minirma. Again, the best grouping found was a six-
way grouping, defined in Table 3.

Table 3 shows desirable patterns between the group definitions and the
behaviour of record-length-weighted average Qm/ A™ values for each group. As
rainfall I»s increases, Qn/A%® increases, and as soil porosity DWP increases,
Qm/ A% decreases.

The Qm predictive powers of the six-way grouping are compared with the
McKerchar and Pearson {1989, 1990) contour map approach. Computing refative
errors between either group or map approach estimators and observed Qg values
from the 117 basins, gives bias and root-mean-square-error values of 52% and
132% respectively for the six-way grouping approach, and 169% and 75% for
the contour map approach. Therefore, the map approach is superior for estimating
Qm. Improvement in Qn estimation for small New Zealand drainage basins is
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TABLE 3—S8ix-way partition for Qu of 117 small New Zealand.catchments
based on rainfall (Iz4) and soil (DWP) basin characteristics.

Group Definition Number of Weighted

Avera§e

Basins Qu/A"™
t L2e<Zi25mm DWP<20% 37 1.57
2 14<.125mm DWP=20% 7 0.81
3 125=14<=177.5mm DWP<20% 32 3.52
4 125=124==177.5mm DWP=20% i1 1.51
5 Io>>177.5mm DWP<20% 25 5.49
6 La>177.5mm DWP=20% 5 2.31

further discussed by McKerchar (this issue); he recommends map Q. estimates
for small ungauged basins.

DISCUSSION

The robustness and accuracy of the Wakeby regional procedure for the six
flood frequency groups may be illustrated using the longer annual maximum
flood series (similar to Potter and Lettenmaier, 1990). Subsamples of 10 ﬂoo.ds
are randomly selected from each drainage basin with annual maximum series
of length 20 or more years. Groups of the subsamples are used with the Wakeby
regional procedure to obtain group Quoo/ Qn estirnates. 'This is repeated 100 times
for each group. Mean Qio/Qn estimates, with 95% confidence intervals for the
mean, are given in Table 4. Although only 10 floods are used from each site
per run, the results for the six groups are not significantly different from group
Qioe/ Qm estimates in Table 2. Larger differences for groups I and 5 are caus_ed
by smaller group sizes in the resampling exercise. The result for all basins with
20 or more years of record, considered as one group, emphasises the need for
more than one group: at least three group (heo/ Qn resampling means {groups
2, 3, 4) are significantly different to the one-group mean, and to each other,

Both rainfall and slope influence upper-tail steepness of flood frequency curves
for small New Zealand basins. Lower rainfall L4 groups are associated with
steeper frequency curves (Fig. 5) than higher I, groups. As explained by Wiltshire
{1985), annual flood peaks from basins in drier regions are more variable than
those from wetter regions. Greater variability in annual floods is directly related
to steepness of flood frequency curves. A physical explanation for steeper average
basin slopes relating to steeper flood frequency curves might be that steeper
slopes are faster draining, and offer less storage opportunities, and hence
antecedent wetness conditions are more variable, translating into more variable
annual flood peaks and so steeper flood frequency curves.

The fliood-set of 117 small New Zealand basins displays much variability in
the L-skewness—L-kurtosis plane (Fig. 1) and in the dimensionless plots of the
observed floods {Fig. 4). This is expected from small basins where the ratio
of maximum current-meter-gauged stage to maximum automatic water-level
recorded stage is usually jow (since the flashiness of small basin flooding means
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TABLE 4—Regional flood-frequency results from randomly resampling (100
times) 10 annual maximum floods (from basins with 20 or more
floods) for different groups.

Group Number of Quo/Qn  Number of basing Mean Qioo/ Qn
basing {Table 2) with n =20 Estimate 959, Conlidence

Faterval

1 12 3128 4 268 4011

2 9 5.66 I* 5.4 10.42

3 20 325 9 102 10,09

4 29 336 12 163 012

3 24 226 5 2.55 +0.09

6 23 268 10 258 10,09

All 117 — 41 274 +0.04

*GEV distribution used in place of Wakeby as only one basin in group.

there is fittle time for field teams to be on site for current-meter flood gaugings),
implying that variability of annual floods derived from stage-discharge rating
curves is high between basins (Potter and Walker, 1985). The lengths of record
for these basins are relatively short, ranging from 10 to 29 years, with an average
of 16 vears, also implying greater flood frequency variability. Therefore averaging
methods will be superior to looking at individual sites, and so at-site flocd
frequency methods will be less reliable than the robust, accurate and efficient
regional scheme (Wallis 1980, 1988) used for the six groups in this paper. The
closeness of group flood frequency curves (Fig. 5) for groups 1 and 4, and,
to a lesser extent group 3, and the high variability of the annual flood series,
indicates that these groups could be amalgamated into one group for practical
PUrposes.

Use of the E-skewness-L-kurtosis variability measure (SSL) in Wiltshires (1985)
basin grouping procedure identified six homogeneous groups, where homogeneity
was with respect to L-skewness and L-kurtosis (V., Vs, Hosking and Wallis,
1991). Homogeneity in terms of L-CV was not achieved for four groups (3
to ). Better results may have been obtained if L-CV was incorporated into
the L-moments variability measure (SSL). Similarly, drainage basin
characteristics, such as stream drainage network variables, may also have led
to better results.

Defining flood frequency groups re-introduces the problem of edge-effects
associated with traditional geographical regionalising. Wiltshire (1986) suggests
using a weighted average of ficod quantile estimates for basins near group edges
(in catchment characteristics space) to alleviate this problem, where the weights
are determined by the distance of the basin from the group averages in the
characteristics space. This approach assumes that flood frequency behaviour
will vary smoothly in the characteristics space, and has led to nearest neighbour
regional schemes (“1-site-region” approach of Acreman and Wiltshire, 1989, or
“region of influence” method of Burn, 199¢). However, with the high variability
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in this flood-set, nearest neighbour schemes were not svitable for this study,
since most emphasis is usually placed on the closest basin in catchment
characteristic space. For small basins for which flood frequency cstimates are
required, between-group averaging could be used when a basins I and §
characteristics place it at the edge of two ot more groups. Otherwise the defined
groups in Table | and Figs. 4 and 5 can be used directly as a robust alternative
to the McKerchar and Pearson (1989, 1990) procedure,

Exampies: Estimation of 100-year flood peak discharge

L. Kumeu River at Maddren (45315} in Auckland has A = 46.46 km?, Ty =
125 mm and 8 = 15° (see Appendix of McKerchar, this issue). This basin
is therefors in flood frequency group 3 (from Table 1), which has a dimensionless
100-year flood quantile of 3.25 (from Table 2), From 6 annual flood peaks
(1984-89), the at-site Qn is 40.3 m3/s. The McKerchar and Pearson (1989)
map Qu estimate is 323 m3/s. The pooled at-site and map Qm estimate is
33.7 m¥/s (pooling described in McKerchar and Pearson). Multiplying the
pooled Qn estimate by the dimensionless 100-year flood quantile (3.25) gives
4 100 year flood estimate of [3.25] x [33.7] = 110 m3/s for this basin,

. 3. Moutere Catchment 5 (57405) in Nelson has A = 0.0696 km2, 4 = 105 mm
and § = 18° {from Appendix). From Table 1, this basin is in flood frequency
group 3, but close to being in groups 1, 2 and 4. Because this basin is located
at the edges of group 3, a weighted-average quantile estimate is required.
The weights for each group quantile are the reciprocals of the dimensionless
Euclidean distance in the 1+-S space between the group averages (given in
Table 2) and the Moutere values. The distances can be made dimensiontess
by dividing by Moutere’s Is and S vatues (105 mm and 18°). For group
1, the weight is:

{[(105-79.43/ 10512 + [(18-14.2)/ 18R} ™ = 3.1

Similarly, weights for groups 2, 3 and 4 are 2.0, 2.5, and 2.3 respectively.
Hence, the 100-year dimensionless guantile estimate for this basin is {(3.1)(3.28)
+ (2.005.66) + (2.5)(3.25) + {2.3)(3.36)}/(3.1 + 2.0 + 2.5 + 2.3) = 3,77, 'This can
be used with the at-site Qx (.0297 m3/s) derived from 24 annual flood peaks
to give a [00-year flood peak estimate of 1.12 m¥/s.

CONCLUSIONS

Six flood frequency groups were defined on the basis of areally averaged
rainfall Io4 and slope S basin characteristics using Wiltshire’s (1985) method with
an L-moments measure of flood frequency variability. Wakeby distributions were
fitted to each group, providing robust dimensiontess flood frequency estimators
for small ungauged New Zealand drainage basins,
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Appendix: Rainfall Iz, slope 8, hydsogeology H, and depth-weighied-soil-porosity DWP
basin characteristics, and annual flood peak L-moments for 117 small {Area
A = 100 km?) New Zealand basins, each with “n” annual flood peaks. Site
nuimbers from Walter (1990).

Site A L § H DWP 1 Unbiased L-noments; L-moment ratios:

{km?) (mm) (deg) ) L Qm b bk WLk
(m3/s) (mY/s)

356 1010 140 854 100 970 22 53.60 9260 0026 0143 -0.048
4901 1250 20 189 LO00 100 20 6109 1639 0079 0019 -0.022
5513 06300 190 186 100 130 10 3080 1.040  0.218 0094 0083
5515 00550 190 180 100 0% Il 06400 62200 0013 D041 0191
5516 01200 19 180 10D 101 11 07600 023500 €174 0403 -0.158
5519 1350 190 157 102 9.0 10 5180 1763 0059 0066 0.158
6501  8.13¢ 195 243 504 100 12 18.53 9590 0.560 0424 0.269
7202 9570 135 100 440 €40 10 2634 993¢ 0306 0100 0234
7604 1308 125 902 333 120 Z7 EINN] 8.120 0273 0127 0055
7805 8240 130 107 518 540 15 118.2 4011 016 0654 -0035
1 1186 125 821 576 .00 10 2830 9240 0320 0168 0099
8203 03000 120 15 800 1301 18 1480 05200 0292 9216 0.149
8604 4072 150 245 217 118 I 69.15 2491 0457 0505 0521
9228 7920 150 332 330 L1019 42.24 1823 0498 0295 0156
14610 5713 160 {50 616 221 22 17.89 3620 0300 0059 0066
14625 7389 160 197 700 267 14 2394 4920 0298 0.088 -0.102
14627 6380 200 198 6.00 20.0 23 Me7 8350 0220 0.120 0.040
1014641 75.98  15¢ 200 624 283 IS 2021 6340  0.A84  0.059  0.089
1014645 08100 160 550 860 293 W 2020 03100 0086 0260 0253
1014646  0.9200 160 350 800 293 Il 1530 00600 0090 0.093 -0.03%
15453. 4505 200 309 446 282 10 43.88 049 0.9 0363 0233
15534 2670 150 232 800 19.6 23 1860 G.5600 0247 Q.14 0.005
19734 3036 160 241 491 207 11 3151 123 0361 0235 0109
21410 3029 155 265 530 169 2 56.62 1523 0280 0094 4128
2i601 2141 165 279 409 141 14 45.91 1301 0203 0.09% -0.133
22000 1844 170 203 449 860 11 21.68 7920 0075 QL9 0076
23005 05200 185 230 600 221 21 1330 03300 0.003 -0.603 -0.087
23209 233% 95 167 257 115 25 13.22 Jedd 0230 0020 0013
2320 55373 160 170 478 122 26 59.25 1837 0134 04029 -0.0%
23220 3460 150 177 489 146 12 83.60 905 0366 0200 -0.066
29247 4025 160 37 L5t 157 2 1113 2552 0368 0.152 -0.06%
20244 3632 105 249 398 112 22 3138 8160 0.075 0143 0016
W46 7578 200 350 143 148 1D 2820 5076 0335 0065 -0.106
20256 1557 140 285 106 167 20 3281 1013 0255 03§87 0213
29254 7875 180 352 149 144 12 302 5715 0094 0100 0029
29239 02360 90 224 403 9060 11 02200 00700 0459 0327 0392
20005 7973 120 234 192 133 i0 76.36 [r14 0109 0103 0278
29808 8724 200 349 100 147 22 285.1 119 0153 GO0 0000
20841 4384 110 259 142 165 12 69.00 1768 0201 024 0130
20843 3795 135 320 00 154 [0 8528 1219 0019 0103 0153
30506 9006 100 175 234 970 2 7420 2490 033 0284 0149




Site A . 8§ HDWP n Unbmsed L-moments; L-moment ratios;
{(km?) (mum) (deg) (%) 112 Qn 1 L, Wbk /b
{m3fs) (m3/s)
30701 4469 110 192 250 740 22 38.11 1240 0352 0348 0221
30802 3847 125 199 262 970 15 5363 1315 8273 0161 0.022
32000 1680 B0 189 295 125 1I 18.23 5330 6128 -0.022  0.000
1032517 5660 115 266 1.80 143 11 99.50 1775 0039 D142 0.045
1232564 6230 130 200 411 150 1 71.68 i645 04082 0408 0089
12735 6158 80 890 467 107 11 3332 1146 0376 0269 0.056
2754 9950 85 265 424 16 13 65.72 266 0466 0367 0219
313114 5311 100 108 743 252 22 3570 05300 0004 0221 0049
IS 3278 115 220 594 139 21 17.12 3680 0212 0072 -0.0%
BT 2063 145 102 639 159 22 2747 5390 0012 0010 0015
13307 8184 (15 161 666 235 13 4175 1204 0259 0065 0.101
33347 214 125 243 561 B30 M 28.07 6220 0142 0088 -0.022
4308 8463 280 526 777 156 12 149.5 2643 0415 034 039
35004 4960 200 811 726 130 I35 73.01 9.240 0642 0109 -0.186
35506 59.60 200 559 747 146 12 104.9 B3 007 0121 0.1%
16001 3098 200 788 477 121 20 3691 323 0370 0220 0035
33400 2492 170 202 723 980 10 354 8820 0277 0460 0210
9200 5910 280 156 6.60 102 10 329.5 4332 0449 0218 0.097
39402 4903 180 106 7.85 145 14 61.94 2165 0595 0470 0.309
39403 3778 240 637 741 115 14 8146 1929 03537 0359 0169
39504 7734 260 845 Ti% 148 12 174.7 3338 0098 0677 -0.140
39508 1924 30 107 616 129 17 5390 5360 -0.156 0090 0.039
39510 {092 280 945 541 111 13 67.36 9.640 0272 0189 0245
40703 1401 120 195 630 140 19 4310 G.6800 0104 0097 -0.006
41301 9510 135 255 454 107 1i 51,64 1443 0210 0275 0380
41601 8790 105 234 370 950 19 6620 1420 0.16¢ 0373 0153
043434 2159 150 198 750 261 21 4,160 1450 0415 0274 0.095
1043466 9580 170 157 691 169 27 189 5500 016 QU510 22
1043476 00450 110 180 800 289 11 01500 00800 0401 0279 6.038
(143407 1690 145 241 746 2301 14 06000 02300 045 0237 0060
143409 03400 145 249 7.3¢ 950 21 02300 0.1600 0.65% 0373 0095
1143427 3110 140 219 48 118 18 2.680 1020 0350 0190 0072
1143428 1464 120 100 7.99 920 19 3N 67400 0043 0237 0151
1443462 999G 120 203 693 194 17 5760 2260 0269 0194 0.060
43602 1786 120 977 770 200 4 12,51 5760 0349 0112 0031
43867 1250 120 337 5.0 6.80 13 2185 242 0370 0.087  0.600
45702 8210 190 221 400 6.1 2 3273 8900 G175 0231 (IS5
45503 0.8800 175 115 400 240 10 2030 05200 -0.164 -0.061 0.052
46609 1213 170 160 132 103 IS 56.98 5.5 0209 -0.051 -0.138
46645 3366 160 9.08 456 139 10 9280 09400 0029 0145 -0.035
46662 03900 155 115 400 210 13 230 05700 0137 6107 0033
46663 0.0142 155 115 400 210 13 01800 00400 -0.037 -0052 0093
47527 1003 155 176 400 102 24 2348 6330 0266 0317 0240
43015 2178 135 262 100 830 14 75.06 175 0272 0214 -0.031
90

Site A Im S HDWP n Unbigsed L-moments; L-moment ratios;

(km? (mm) {deg) ) ;= Qn I 1312 La/1 kil
{m3[s) (m?/s)

52916 4681 290 354 148 2.7 20 97.27 1288 32 0179 -0.021
5690: 4659 200 8L 106 130 26 47.46 10,5 0462 0121 0.006
57014 8238 110 236 79 132 20 61.63 1711 9142 0213 0124
5722 5140 90 3l 80 147 i3 2760 0.8200 0539 0431 0356
57023 2790 90 299 800 147 10 1216 03600 0409 0383 0202
5711 5800 110 183 800 690 24 61.66 2345 0062 0057 -0.001
57402 00386 105 115 8.00 640 24 0030 00500 0082 -0068 -0.033
57405 0069 105 180 8.00 640 24 03000 0.1460 0417 0271 0208
57512 00344 195 230 800 640 22 02000 00700 03i3 0242 Q.M02
58301 1725 165 289 {02 20 29 30.02 920 0277 0070 0001
50104 6502 105 31 107 (39 23 73.93 3208 0.18% 0034  0.086
63501 1690 200 309 100 147 12 1340 1.820 0457 0217 0.211
64606 - 7404 210 295 149 201 15 92.67 1043 0002 0094 0.0
64610 4191 160 231 308 115 22 358 1341 0300 0257 0.100
66405 0.9000 105 305 100 225 19 06800 03000 ¢.347 0.9 0.130
66603 2180 95 286 34 132 U 1180 06200 0435 0468 03506
66604 3260 95 25.6 3465 134 12 1420 0.8300 0428 0253 0.1
68520 6190 90 293 130 237 11 2760 0700 0169 0025 -0.126
68602 5500 110 128 523 147 21 10.48 6420 0455 0277 0199
69621 2257 80 245 219 178 M 16,72 8.830  0.640 0511 0.369
71122 5008 80 855 800 201 17 3.960 1470 0453 0499 0459
7129 9963 140 241 393 220 27 22.09 6100 0271 0126 0.0
7178 7870 60 288 LI6 187 19 ®’19 20014 0509 0272 012
73501 4500 100 189 133 182 2 4433 1526 0169 0169 0183
74353 2406 45 157 LO0 100 R 3010 1410 0258 0.02% 0012
74360 2860 65 115 300 810 12 2030  05%0 042 0461 0023
74367 05800 70 923 106 .60 1 2020 06700 0185 0013 0085
7400 9590 60 165 168 640 19 6.770 2130 0070 0171 -0.002
80201 760 78 172 341 890 12 30.53 1231 0419 0211 0.069
87301  97.80 440 293 277 139 U 389.2 68.82 -0.171 -0.084  0.041
90605 4380 220 149 766 177 17 2885 5.870 0257 0147 0083
51412 06600 (10 305 800 147 1t 08200 02500 0255 0J12 0079
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