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Table 5.14

Test Results with DA and Eff—-P

Basin One wsC Prov Size Clstr
ID Rgn Y=-Z ABCD Large 1-2-3
B nc -0.2 0.0 04 -2.5 -18
C ™ 09 1.2 12 =02 03
C tmC -i.1 -1.1 -14 ~-4.1 -39
C Ke -1.0 -09 -1.0 -2.9 -23
C L 0.0 0.2 0.1 -0.5 -03
C thP 0.8 09 09 03 02
C tlr 02 04 00 04 =04
B h 06 0.9 13 -12 =05
B tRt* 13 12 12 13 0.7
B G* 14 12 14 14 1.0
B mCh -14 -23 -0.5 -68 -59
A tBP 09 (18] 09 09 03
A NH 0.7 0.2 20 1.7 1.7
A hrs 03 -0.1 -0.6 ~0.2 -04
A igB -0.1 -0.6 -12 -038 -0.7
A thH 0.1 -0.6 -0.1 0.2 03
A tSh -0.1 —0.9 —0.5 -~0.2 -—0.1
Rank Sum Test
Basin One WSC Prov Size Clstr
ID Rgn Y-Z ABCD Large 1-2-3
YO10 2 1 3 5 4
YE1 3 4 5 1 2
YH1 3 1 2 S 4
YK?7 3 1 2 5 4
YK3 1 4 2 S 3
YL4 3 4 5 2 1
YLS 2 5 1 3 4
YO7 2 3 5 4 1
YO8 5 3 2 4 1
YQ4 4 2 5 3 1
)2 2 3 1 5 4
ZK3 5 2 3 4 1
ZK4 2 1 5 3 4
214 4 1 5 2 3
ZLS 1 4 ) 3 2
ZM16 3 5 1 2 4
ZN2 2 ) 4 3 1
Sum of Ranks 47 49 56 59 44
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better than the Y-Z regionalization. (Recall that the clusters were based on similarity of

FACLS, El-Cntrd and Fr-Barm.) Because the model variance for the cluster equations
is small, however, there are more high pseudo-T values. The large model variance of the
one region equation means that none of the pseudo-T values are greater than 2. The
clusters based on size alone perform the worst in the rank sums comparison. The

provincial regions also do not perform especially well.

The results are not conclusive, but in general they confirm that using DA and Eff-P gives
better results for all regionalization methods than using basin characteristics alone. The

Y-Z results also suggest that there is room for some further refinement of hydrologic

input.

5.6.1 Additional Explanatory Variables

A final comparison was made with models including a third variable in addition
to DA and Eff-P, where such a model could reasonably be developed. The
coefficients and relevant statistics of the final models are presented in Table 5-15.
Additional variables could be included in the equations for one region (all-island),
for the Y and Z regions, and for the basins greater than 130 km’. The third
variable was always FACLS except for Region Y where it was Fr-LSw. The

estimates and test results are shown in Tables 5-16 and 5-17.



Table 5.15

AlternativeRegional Models with a Third Variable
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(a) Geographic Regions
All wsC Prov
Island Y y A A B C D
[ ] ] ®

N 40 20 20 12 12 10 6
Constant 0.524 0333 1510 1.18 0.117 0435 1472
DA 0843 0839 0.667 0.783 1.092 0.871 0.700
FACLS -0.745 -0.710

Dr--Dens 0.826

Fr—Barm

Fr-LSW -0.366

Eff-P 1.194 1.205 0.942 2495 1.569
r2 0.964 0.996 0977 0.989 0.990 0993 0.987
2 corr 0.936 0992 0.951 0.979 0.980 0.987 0.926
ss res 43338 3956 6347 692 9542 3102 1923
n-p 36 16 16 10 9 7 3
error est 34.7 15.7 19.9 83 326 21.1 253
® - a third variable was used in addition to DA and E{f—P

(b) Basin Characterisic Regions/Clusters
Size (k?) Clusters
<130 >130 1 3 2+4
®

N 13 27 24 11 5

Constant 0.673 0520 0457 0.629 0972

DA 0878 0.844 0871 0.865 0813

FACLS -0.738

Dr-=Dens

Fr-LSW

Eff-P 0380 1.206 1.642 0.620 1403

r 0976 0964 0.948 0.983 098

1 corr 0.889 0917 0.888 0.933 0.950

ss res 250 43115 57292 123 1416

n-p 10 23 21 8 2

error est 50 433 522 39 _266
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Table 5.16
Qavgfld Estimatesand Residuals — Models from Table 5.15

B
C
C
C
C
C
C
B
B
B
B
A
A
A
A
A
A
Residuals
One, | WSC..} Prov ..
o) Rgae o1 Y=Z “LABCD

70| 101 68| 103 9.0
ss| 1a] 81| 21| 165

23 0.1 ~0.6 23 14
723 122 -145 -42 -39
33 1.1 =00 -2.7 33
03 -48] =115 88 38

-}40| -954| -959| -=352] =563
-1033| -3538| =356| —-1068| -2499
124 202 32 195 15.7
4.0 166f -111{ -120 -4.1
~-235| =174} -311] -255| -263

05 41 35 19 14
~12 4.1 0s ~0.7 -11

ZM16
ZN2 0.7 6.1 1.7 0.6 02 ]
Sum of
Sqrd resds 18066 136204 137526 14647 67065

wo 2 largest 6237 1921 1800 1999 1443
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Table 5.17
Test Results with Models from Table 5.15
Pseudo-T
Basin One wsC Prov Size Clstr
ID Rgn Y-Z ABCD 1=2-3
B -0.6 -0.8 05} . =25 -18
C 0.7 03 12y . =-02] . 03
C -12 =24 =131 ~41| .. =39
C =10} . =22 -09 =29 =23
C . =03 -00 0.1 -0.5 -03
C R ¥ =08 09 03 0.2
C -04 -0.1 0.0 04 =04
B -0.0 06 14 -12 -0.5
B 04 12 1.2 04 0.7
B 04 14 14{ 04 1.0
B =20] = =42 -0.6 -6.8 -$59
A -03 -12 0.8 09 03
A 14 11 19 1.7 1.7
A -0.8 =24 =0.5 ~0.2 -=0.4
A -0.1 -09 -0.6 -0.8 =0.7
A 0.2 ~0.7 -=0.1 0.2 03
A -0.1 ~12 ~0.3 =02 =0.1
Rank Sum Test
Basin One WSC Prov Size Clstr
ID Rgn Y-2Z ABCD Large 1-2-3
YO10 3 2 1 ] 4
YEI 4 3 5 1 2
YHI 2 4 1 5 3
YK7 2 4 1 5 3
YK8 2 4 1 5 3
YL4 5 1 2 4 3
YLS 5 2 1 3 4
YO7 1 3 5 4 2
YO8 1 . 5 2 3
YQ4 1 4 5 2 3
yAyl 2 5 1 4 3
ZK3 1 5 3 4 2
ZK4 2 1 5 3 4
214 4 5 3 1 2
ZLSs 1 5 4 3 2
ZM116 4 5 1 2 3
ZN2 3 5 4 2 1
Sum of Ranks . 43 62 =48 55 47
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The estimates for the large basins are improved, but otherwise the results are the
same or not as good as without the additional variable. The sums of squared
residuals are improved for the one-region method and for the method based on
size. This result occurs because including FACLS markedly improves the estimate
for the two largest test basins. For most of thz test basins, the estimates are no
better or even worse, as shown by comparing the sums of squared residuals
without the two test basins. There are 13 pseudo-T values greater than 2,

compared with 8 in Table 5.14.

Neither the sum of squared residuals nor the rank sum test suggest a clear
preference for one rcgionalization method over another - the one region method
has the lowest sum of ranks, but the highest sum of squared residuals when the
two largest test basins are excluded. Four of the basins in the one region equation
have high leverage (SthP, NWG, LtBP and Shrs) compared with none in the

equation with DA and Eff-P only.

5.7 Comiments and Suggested Procedure

From the comparisons of the various equations and regionalization methods, we can
conclude that dividing the island into regions can improve estimates of average flood
flow at ungauged basins, particularly if Eff-P is included to represent hydrologic input.
The region/clusters provided here may not be optimal, but they do offer the opportunity

to make several estimates before making a choice for design.
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If an estimate of an average flood is required at an ungauged basin, the following

approach is suggested.

1. Measure the basin characteristics of importance. These include drainage area,
area controlled by lakes and swamps, drainage density, fraction of barren and
fraction of lakes and swamps; the number of characteristics depends on the region
or cluster of the ungauged basin.

2. Estimate Eff-P (as described in Section 5.5.1).

3. Locate the basin in a geographic region using the map in Appendix A and in a
cluster using the plots in Appendix A. Calculate standardized values using the
basin characteristic data presented in Chapter 3.

4, Use the equations provided in Tables 5.6, 5.12, and 5.15 to obtain estimates of
Qavgfld for the appropriate region or cluster. All of the geographic (one-region,
Y-Z, ABCD) and cluster options should be considered.

5. Select the most reasonable estimate, taking into account the characteristics of the
ungauged basin compared with the basins used in the data set. Use the boxplots
in Appendix B as a guide, as well as the tables of characteristics presented in

Chapter 3.
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6 Conclusions and Recommendations

The principal conclusion of this research is that with careful selection of basin
characteristics, good relationships can be obtained between flow measures and basin
characteristics on the island of Newfoundland. Stronger relationships may be obtained

with subdivision of the island in either geographic or basin characteristic dataspace.

A particular problem in hydrologic analysis in Newfoundland is the lack of data to
represent hydrologic input, due to the lack of inland precipitation measurement stations.
Because of the nature of the weather patterns affecting the island, topographic and
geographic variables can be used to represent hydrologic input, and therefore should be
included in the data set. They may be used either as independent variables in a regression
equation to estimate a hydrologic input variable, or as surrogates in equations for other

flow variables.

The basin characteristics consistently found to be important for a range of flow measures
from low to high flows are

. drainage area;

o fraction of area controlled by lakes and swamps, or scmetimes

alternatively the fraction of the basin area occupied by lakes and swamps;
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o fraction of barren area in the basin, or sometimes alternatively the fraction
of forest area (inversely related to fraction of barren);
. distance from the sea in a southwesterly direction, and distance north.;

° elevation of the basin.

The last three variables are associated with the location of the basin relative to incoming

weather systems and represeat hydrologic input.

Other conclusions are as follows.

High flows: For high flows, 2 more direct representation of hydrological input
improves regression relationships. Effective precipitation (total precipitation minus
losses) is a suitable variable, which can be estimated using topographic and
geographic variables. A procedure was developed to improve the estimate using
mapping and data from adjacent gauged basins as well as climate stations where
available. Alternatively, the topographic and geographic variables associated with
effective precipitation can be incorporated directly in the equations for other flow

variables.

For the average annual maximum daily flow, the important explanatory variables
are drainage area, effective precipitation, and the fraction of the drainage area
controlled by lakes and swamps. Slope also has some importance. If effective

precipitation is not included as a basin characteristic, the elevation of the centroid
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and some measure of exposure to incoming weather systems (fraction of barren

or fraction of forest) are required as surrogates.

Flood variability: The linear coefficient of variation (Lcv) was used as the
measure of flood variability, The relationship between Lcv and basin
characteristics is not clear; there are obviously several factors interacting which
would require a much larger data base to elucidate. In general higher Lcv is
associated with higher flood flows, and basins in the southemn part of the island
(WSC Z region) tend to have higher Lcv's. In this region, Lev tends to be related
to drainage area, distance from the sea, elevation and slope. In the central and
northern part of the island (WSC Y region), or when the island is treated as a

whole, the important basin characteristic is the area controlled by lakes and

swamps.

FD-10: The flow having an exceedance of 10 percent on the flow duration curve
was selected as a measure of high (but not flood) flows, in the range of about
twice the mean annual flow. As with Lcv, the division into Y and Z geographic
subregions resulted in somewhat stronger relationships. In the Y region, about 60
percent of the variance can be explained by drainage density, distance north, and

fraction of lakes and swamps. In the Z region, much less of the variance can be
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explained; the two most important factors appear to be the fraction of the basin

controlled by lakes and swamps and the slope.

Low Flows

The low flow measures selected were the median minimum daily flow from the
annual series (both dimensional and as specific low flow), and the 90th
exceedance percentile from the flow duration curve (FD-90). The findings for all
measures were that the important explanatory variables are drainage area, distance
north (and sometimes southwesterly distance from the sea as ell), area
controlled by lakes and swamps, and fraction of barren. For the low flows,

effective precipitation was not especially important.

Availability

Flow duration measures were used as measures of availability or flashiness. FD-
50, the median daily flow, was selected as the most suitable index of availability
after consideration of some alternative indices. The findings were that the most
important explanatory variables are drainage area, fraction of area controlled by
lakes and swamps, and one or more of the distance and elevation variables. As

with low flows, effective precipitation is not required to explain availability.



236
o Regional Subdivisions - Example with Qavgfld: The study provides an

assessment of regional subdivisions for the purpose of developing regression

equations to estimate the mean maximum daily flow (Qavgfld). The conclusions

of this part of the study were as follows.

1, Clustering based on basin characteristics is a promising method of
regionalization. Characteristics must be carefully selected and weighted,
however.

2, Some of the geographic regionalization methods are also reasonable.
Geographic regions based on similaniy of hydrologic input eliminate the
need to include a hydrologic input variable in predictive equations. None
of the geographic regionalization methods assessed in this study eliminated
the need to include a hydrologic input variable at least in some regions.

3. Effective precipitation is a suitable variable to represent hydrologic input
where required. Although there is more uncertainty in estimating effective
precipitation than other basin characteristics, which may be obtained by
measurement from topographic maps, the improved prediction atungauged

sites compensates for a higher uncertainty.

Recommendations

The recommendations arising from this study are as follows.
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Estimates of flows at ungauged sites should not be made from regression
equations only, unless the ungauged site is very similar in its characteristics to the
gauged basins used to develop the regression equations. Nonetheless, the
regression equations developed in this work may be used to provide preliminary
estimates of flows of interest at ungauged sites, in particular for Qavgfld. These
estimates should be modified if the location and characteristics of the ungauged
site are not similar to gauged basins in the data set. The results of the regression
analysis together with the discussion provided in the present work on the relevant

basin characteristics can provide guidance for judgment.

Further investigation should be carried out into the possible improvement of
regression equations using different geographic regions or clusters in basin

dataspace.

Similar investigations should be undertaken for other flow measures besides
Qavgfld, particularly in about three to five years, when about 20 additional basins

will have record lengths of ten years or more and can be added to the data base.

The climate network should be expanded to inciude more climate stations inland

at higher elevations.
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