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Introduction

It 1s common practice to summarize how well a reservoir 1s operating by reporting
only one or two summary statistics such as i1ts mean annual yield or reliability. More
recently there 1s a realization that the environment 1s a legitimate user of the river and
that “ecological flows” or instream flows should be maintained as a part of reservoir
operations. But what indicators should we use to summarize instream flow properties

analogous to the use of mean annual yield and reliability for human water uses?

In order to study the effect of different reservoir operation policies on a river and de-
sign optimal operation policy, we need indicators to evaluate the health of the river
and evaluate the degree of the hydrological alteration caused by a particular opera-
tion policy. Currently over 170 indicators have been recommended to describe vari-
ous aspects of the flow regimes. One example 1s the Indicators of Hydrological Al-
teration (IHA), which 1s a set of 33 commonly used indicators for characterizing the

impact of regulation on the flow regimes (http://www.nature.org/). Many of these 1n-

dicators are strongly correlated, creating a redundancy of information and difficulty

in managing flows. Consequently, there 1s an increasing need to 1dentify a smaller set

of independent, representative indicators. This study aims to tackle this problem.

Objective
1) Develop a small set of representative IHA 1ndicators that best characterize hydro-

logical alteration caused by regulation of streamflow 1n a river

2) Find, if any, the relationship between the IHA indicators and other generalized in-
dicators such as the ecodeficit/ecosurplus and evaluate their effectiveness as an
overall index of hydrological alteration caused by regulation in a river

Data

The raw data used in this study are the percentage of  The “Number of zero-flow” days was

excluded from the analysis, because
changes in the median values of 32 IHA indicators between  When theriver was unregulated, there

were no zero-flow days for most of the
rivers, thus the percentage of change
could not be computed (the denomina-
tor was zero) for this parameter.

unregulated (pre-dam) and regulated (post-dam) flow re-
gimes of two sets of data, a sismulated set and a real set.

The simulated data set consists of streamflow data generated with 96 different op-
eration policies of an 1maginary reservoir in a computer program called WEAP
(Water Evaluation And Planning System). The real data set consists of historical

streamflow records at

189 USGS gages, each
of which was located

downstream of a dam
(Figure 1).
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Methodology

e Principal Component Analysis (PCA)

— Reduce the dimensionality of a data set that consists of a large number of interrelated variables (the 32 IHA indictors)

= Each PC 1s a linear combination of the original variables. Most of the variation of the original data set can be ex-

plained by the first few PCs

= The representative IHA indicators are selected from the original set based on the loading of the PCs retained

e Ecodeficit and Ecosurplus (Vogel, et. al. 2007)
= Ecodeficit 1s the area below the unregulated flow duration curve (FDC) and above the regulated FDC (Figure 2). On

the other hand, ecosurplus 1s the area above the unregulated FDC and below the regulated FDC. They are further di-

vided 1nto two types, annual and seasonal (winter, spring and summer)

e The Dundee Hydrological Regime Alteration Method (DHRAM) (Black et al, 2005)

— Measure the total degree of hydrologic alteration caused by a certain reservoir operation in a scoring system

e Multivariate Regression Analyses

= Regress each of the overall indices (annual and seasonal ecodeficit and ecosurplus; and DHRAM) versus the 32 IHA parameters to determine 1f any of the indices 1s correlated to the IHA

parameters and 1f it can be an effective overall index to represent all IHA parameters
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Conclusion

e Both ecodeficit/ecosurplus and DHRAM appear to nicely capture the overall degree of hydrological alteration.

Ecodeficit/ecosurplus appears to be a better overall index than DHRAM (more so in the real data set)

e Kendall’s Tau values show that there 1s a correlation between ecodeficit/ecosurplus and the first 3 PCs

10
EcoDeficit
¢ Annual ecodeficit 1s the best overall metric among the overall indices 1n the simulated data set. Winter ecosur-
Ly plus and summer ecosurplus are the single best overall metrics among the indices in the real data set

— Unregulated Median Flow Duration Curve

— — Regulated Median Flow Duration Curve e Separation of reservoirs 1nto different hydrologic regions or storage ratios did not provide significant explanatory
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= Value of Kendall's Tau were calculated between an index and each PC to determine if there is any correlation between them

Figure 2. Definition of Ecodeficit and Ecosurplus

Future work

There are several inconclusive aspects to our findings. Additional work includes:

e Bootstrapping results to determine impact of sampling on general findings
e Research on methods of selecting representative subset of IHA indicators rather than PC loadings
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Figure 3b. % of Variation Explained by the First 10 PCs
(Real Data Set)
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