Local Quasilikelihood in Catchment Modification Detection

G. Capkun™®, A.C. Davison® and A. Musy”

 Department of Mathematics, Swiss Federal Institute af Technolegy, 1015 Lausanne, Switzerland
(gorang.capkun @epfl.oh, anthony.davison@epfl.ch)

b Department of Rural Engineering. Swiss Federal Institute of Technology, 1015 Lansanne, Switzerland
{andre.musvy@epfl.ch)

Abstract: The hydrological literature contains three basic approaches dealing with impact of catchment
modifications on runoff: the experimental catchment approach, the modification modelling approach, and
studies involving the use of hydrological models. In this paper we propose an extension of the model estimate
and dynamic response variable comparison methods (before and after changes). A robust quasilikefihood for
Jjoint modetling of mean and variance is fitted locally in order to give smooth estimates of the time-varying
parameters. We give an example using the Viége catchment in Switzerland where the Mattmark dam was
constructed in 1960s. The correlated series of the local parameter estimates detected this change in

catchment response.
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1. INTRODUCTION

Rapidly increasing population pressure in many rural
areas. has_led _to Chélngf‘R in.land use rm\ing to)

quasilikeiihood-based model {Capkan, et al., 2001],
but can also be used in combination with other
hydrological rainfail-runeff modeis.

deforestation, reclamation of wetlands, urbanization,
etc., or due to other catchment modifications like
dams and reads. Such changes are intended to
increase agricultural production, the use of water
power, improve the quality of life and so forth.
However, land mismanagement may
~ madvertent negative effects on a hydrological
regime, such as increasing the cccurrence of floods
and decreasing dry season flows, Thus there is a
need for improved knowledge and quantitative
analysis of the impact of these changes and
management practice on land and water resources,

The hydrological literature contains three basic
approaches dealing with impact of catchment
modifications en runoff: the experimental catchement
approach [Cerdd, 1998], the modification modelling
approach [lritz, et al., 1994, and studies involving
the use of hydrological models (sometimes combined
with basic statistical methods such as linear
regression and simple parametric and nonparametric
tests) [Lgrup, et al., [988].

This paper describes a simple method of detecting
changes in catchment response that uses a
hydrological rainfall-runoff tansfer model as its
basis. A simple technique proposed is applied to a

have

2. TIME-VARYING PARAMETERS

2.1 Imtroduction

Studies involving hydrological models in catchment

modification deteetion  ars bused o 'Séh'sitiﬁi'['y' R

analysis to illustrate the hydrological tesponse to
various comservation practices. Lumped catchment
moedels must be used carefully as they may fail to
predict the impact of the change on catchment runoff
due to limitations in the model conceptualization of
the hydrological processes involved [Kuczera et al.,
1993].  Therefore, rigorous model validation
procedures are required before the mode! capabifities
can be assessed [Ewen and Parkin, 1996].

In our previous work |Capkun, et al., 20017, we have
developed a simnple Markov generalized linear model
of the mean and variance structures of runoff at time
f, given previous rainfail and runoff. Its mean is
taken w be a linear autoregressive combination of
preseni and previous rainfall and previous runoff,
while its variance also depends on rainfall history. A
more Jormal description of it is given in Section 2.2.
Inference for its parameters may be performed using
classical likelihood methods. and aiso using the more
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robust technique of quasilikelihood, presupposing no
particular distribution for runoff. Robust “sandwich”
confidence intervals for the model parameters are
constructed using both likelihood and
guasilikelihood approaches in order to account better
for model uncertainty. The model was fitted and
validated on 13 Swiss Platean catchments, where it
showed good fitting and short-term predicting
characteristics. We therefore judge it to be suitable
for detecting hydrologic-changes in a catchment.

In order to compare the periods before and after
catchment modifications, it is necessary to know
when such a change happened, and which period can
be considered as transition between the “before” and
“after” change. In order to detect the existence of the
land use changes in the Balquhidder catchments,
Jakeman, et al. [1993] fit & simple unit hydrograph-
based model for each of 3 years of measurements
separately. They conclude that no land use changes
can be detected because of the high interannual
variability.

Cur proposition below can be viswed as the
extension of Jakeman’s model estimate and dynamic
response variable comparison methods (before and
after changes) and is described in Section 2.3,

2.2  Quasilikelihood Model

Here we first give a brief description of the rainfall-
runcff transfer.model that is used.in this _paper. We

are taken to bhe time-invariant and are estimated
using ome version of iteratively reweighted least
squares algorithm [Green, 1984}, GEN-IRLS.

2.3 Local Modelling

If the calibration period is too long, say 30 years, we
can imagine that due to the changes in catchment
response, the parameter estimates that quantify the
catchment reaction would also  change. The
consequence of fitting a “constant parameter’” model
described above on the whole series would result in
poor diagnostics {e.g. large residuals). The reason
for that is our will to “impose” the same behaviour to
the whole data series when maximizing a single
overall objective function.

Instead of having a constant vector parameter & we

consider instead a vector function of time
G(1) = (Byft),... By (0.7, (D 1L A ) A D)

For a given time ¢ the new model with time-varying
coefficients reduces to the constant-parameter model
given above.

To estimate §¢} we suppose that given H,, all the ¥,

belonging to a time period of certain width centred
at fime ¢ share the same constant true value of

parameter £ By sliding a time window of size width
over the observations only the newest observations

suppose that the runoff at time ¢, ¥, given the present
and past rainfali X and past runoff

Ho= (X, X e X Yoo T

1—

comes from some unknown density with mean i

. 2 . . o
and variance ¢, . The rainfall is taken to be known

and the model can now be written in the following
form

‘ ;
wo=EYH)Y=Y fx  + 2.7 Ve
i=0 =

a

oA AL

[3]

ol =var(Y,|H,) =

. 0,ifx_ =-=x_,=0,
571 otherwise.
f=r+L.. T, r=max{k.[),

where k and [ need to be found in the model choice
procedure. The model parameters

0= By B Voo Vi)

are seen and used for a constant parameter
estimation  using the GEN-IRLS  algorithm
mentioned above. At each sliding, a new parameter

estimate @, s=1;7 ;0 isobtained. The confidence

bounds around the estimated c¢urves for the

...paf.ﬂme[ers.{}f.tha.meﬂn.!’&... e 1 1

RO RGN A RO

can be caleutated [Capkun, et al., 2001}, The moving
window allows the model to adapt to the variations
in system dynamics. Depending on how quick the
dynamics change, we slide cur data window by a
bigger or smailer step number of observations; step

< width. The final result is a smeoth nonparametric
estimate of 1);

613"'19”7

where azp{width, step) is a total number of moving
windows. Table 1 illustrates the method described
above. It is worth noting that the approach by local
modelting is adequate when the model parameters
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Table 1. Local modeiling scheme: width = 3. step = 2. First row: the whole data series and its parameter

estimate. Other rows: data from the window are used to caleulate the corresponding estimate 7, .

Data X X X Xy Xs Xe X7 Xz Xo X X1y X2 é
Y, Ya Yy Ys Ys Y Y- Ye Yo Ye Y, Yo

Window } X Xa X: X, X ég

¥y HE) Yy Ys Ys
Window 2 X: X, Xs X5 X @
Yi Yy Ys ¥s ¥

Window n Xo X X1 X én

YQ YFG YU YJ'E

are functions of the same explanatory variable;
time in our case. If we suppose that the parameter
values depend on individual explanatory
variables, estimation methods for additive models
should be used [see for example Hastie and
Tibshirani, 1993].

If we expect the time variation to be fast, the
width should be smail, otherwise the estimates
could be seriously biased. However, fast
adaptation means that a smatter portion of the data
are used for the estimation. which results in noisy
estimate.. Therefore  the choice of width leads toa

outlet in Viege. Its mean altitude is 2800 meters
with a glacter proportion of 30% [AHS, 2000]. It
is classified as “b-glaciaire” type of catchment by
its  hydrological  regime [Weingartner and
Aschwanden, 1992], with a maximal monthly
mean runotl in the summer season (Jung -
Augusty. The input of the rainfall-runoff system in
summer is mainly composed of precipiation,
snowmelt and glacier melt. During the winter
peried the precipitation is stored as snow which
explains very low winter runoff measurernents.

In 1960, the Mattmark dam and a deviation of

bias/variance trade off. In practice, the value of
width would depend on the information we would
like to extract from the data series; if we take
width=3 months the seasonality of the catchment
reaction is observed, while for width=1 year, our

.goal is.to.detect changes. that are. slow. in time. ...

Taking width to be the fength of the whole series
reduces the local approach to a constant parameter
model. Jakeman’s approach is the special case
when setting width=step.

The correlation in the series of estimated
parameters depends on the ratio between step and
width; the degree of dependence is higher for
values of the ratio close to zero.

3. APPLICATION
3.1 Viége Data

Viege is an alpine caichment sitwated in
Switzerland with a surface of 780 km® and its

one part of the streamflow towards the Grande-
Dixence dam  were  constructed.  These
modifications allowed for the exploitation of the
hydroelectric ~potential ~of - the - catchment-—and
considerably modified its hydrojogical regime.

Daily.rainfall-and cunoft. data.for. the period.of...

1922 -1998 are shown in Figore 1. The rainfall
data are measured at the Zermatt rainfall station
[identification number 7190 in Weingartner and
Auschwanden, 1992}, The mean behaviour of the
rainfall series seems stationary over time, but
there are more extreme rainfall events in recent

years. A considerable reduction in the mean
runoff regime is observed after the dam
construction.

Vigge catchment is a “textbook examplie” of a
changed regime and we hope that the local
modeiling technique proposed in Section 2.3 will
detect this change in catchment response,
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Figure 1. Daily measurements of Viege data (01.01.1922 - 31.12.1998). The top panel shows the rainfail
data in 0.1 mm measured at the Zermatt rainfall station. The bottom panel shows the runoff data in m’/s at the
Vidge outlet. Vertical dotted lines show the approximate beginning and end of the dam.

32 Results

In order to choose the appropriate model for the

targer mean and variance after the dam
construction; this parameter explains the direct
impact of the rainfall at time -7 on the runoff at

local fitting, the first four years of Viége data
were selected. The wmodel choice procedure
proposed in Capkun, et al. [2001] suggests a
model of form

o= Bx  + Oy, 0,

5 | 5

o, = e 14
explA N+ A4 )

The width is taken to be 4 years (1460 daily
observations) with a step of I month (30 daily
observations). Local estimates of 5 model
parameters are plotied over fime in Figure 2. Two
solid vertical lines stand for the approximate
beginning (1960) and the end (1963} of dam
construction. The same pattern is observed in all
estimated parameter series: rather stationary
behaviour before the beginning of construction,
and  “transfer”  nonstationarity  during  the
construction.  The estimated series for the

parameter & {the top left panel of Figure 2) has a

time . The autoregressive parameters - and 3
{middle panel in Figure 2) are equally weli
estimated for the whole series of data (the
variance remains stable). A nonstaticnary trend
observed after the dam construction may be

-related 1o the-working regime.of the-dam; the data o

needed to confirm this are unfortunately not
available. The estimates of the variance

parameters A, and A;+A diminish after the

construction, making the dispersion parameter

l
exp(h D+ 4L,

and of the runoff larger than before the
construction. This may be explained by the noisy
runotf measurements which are due to the
working regime.
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Figure 2. Local parameter estimates (solid line) for Viége daily data; width = 4 years (1460 days). step = 1
month (30 days). Vertical lines show the appreximate beginning and end of the dam; dashed lines are
“sandwich” confidence intervals [Capkun, et al., 2001 .

In this paper we propose a simple methodology
for local estimation of time-varying parameters,
which is simple and easy to program and does not
depend on the rainfall-runoff model. The

-.appropriate.cheice of the time window, width,.can........

help us to extract different information from the
data series, such as the nonstationarity due to
climatic, catchment or land use changes, unusual
behaviour, etc.

This approach seems not to have been applied per
se in the hydrological literature, which apart from
applications of smoothing methods to financial
times series has usually concentrated on the
situation where the data are independent though
not identically distributed {Fan and Gijbels,
1996]. Not maay smoothing methods have been
used in hydrology, and if so, almost entirely in the
density estimation context. However they seem
potentially very useful [Ramesh and Davison,
2001].
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