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KEEFING TECHNIQUES, METHODS AND MODELS IN PERSPECTIVE
V. Kleaied!
Introduction

Recenlly | gave n lecture in Prague on the pitlalls of contemporary (requency analysis of hydrolagical
exiremes. In (he casuing discussion, one participant asked mc in & rather reproachiul way why | was now
crilicizing the same statistical and probabilistic methods whose use in storage design | had pioneered in
Czechoslovakia some fony years ago. 1 replicd that il wos becnusce, in those days, | was doing engincering
while today | was lecluring on hydrelogy, The audicnee look my reply a5 o 1ongue-in-check cvagive
manocuvie, had n polite lavgh and, apparently not wanding Lo embarrass the guest leelurer, did not pursus
the madler further. | thowght it was a pity becansc my reply was crlirgly scrious and lhe response
suggested (o ae that the audience did not appreciate the sigmificanee of the distinetion 1 was alluding 1o,
The ocension reminded me once ngnin how decp, universal mnd persisiend e problem has been, how it
has transcended conlingnls, cullures, goliticnl regimes, generations, and how the mathemalization and
computerization of technical and scientific work has reinforced il just when it scemed that - at least in [he

of water resources engincering {ar, more gencrally, water maragement) and kydeology - it had
a good change 1o be clearly recogniscd and rekegated o history.

The problem | am 1alking nboul is n lack of clarity about the dual nature of a mothematical model which,
depending on its gurpose and use, can be cither descriplive (synthelic) or investigative (analylical), The
oulward appcarance of @ model, Ms Torm, may ollen be simiker or idenizcol, and ihe difference which
assigns it (o one of lhe two categorics usvally resides in (he way it has been consiructed. Investigative
madels reflcel some cssentind leatnres of the physical/cnusnl ihcory of the ph being modelled
ond can be labelled ‘theorelical’ or “scienlific’, Deseriplive models, on the other hand, are most often
empiticol in nature, of may be consirucied ns o simplificd synihesis of Ibe results of an analytical model,
usuelly il (he tonter is too difficslt 10 usc in ppplications, '

It follows that the form of a model, the 1ype of a weiliod, Lhe algebraic structure of an cquation, eic,, does
nol have any absolute intrinsic value, is neither ‘good’ nor 'bad’ apriori - 1his ¢on only be judged from the
perspective of its deeper nalure on one hand, and it intended use on the other. This is well understoad
in established seiences Jike NMuid mechanics and bydroulics where it is guile cleos, for cxomple, thot an
cmpincally consiructed miing curve for a specilic spiliway may be adequaicely represented by a besi-fit
smoolh curve wilhin the range of the actunl measurcments bul one could not use it wilh confidence for
extrapelalion ot for any gencralizations - for this, one would have lo resorl 10 o curve which, in addition
to Ffilling ihe measurenents, is based on (he theory of fluid mechanics describing the panticular
configuration.

In the relalively young disciplines ke hydeology and water resourees 8! I, the q is much
less clear for 2 nuber of reasons. The main, i my opinion, is 1he [oc1 thal the two disciplines have
common rools in ‘hydraylic eaginecring’ and have el yel clenrly defined the demarcalion line between
their respective roles. Some of the other Mcloss are, for example: The Iwo disciplines sre vsually wilhin
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onc administeative nnil in wost organizptions and the profussional stall ofien switch rom ane discipline
ta the other, sometimes cven without realizing il themselves: tiese professionals come (rom n large varicty
ol academic backgrounds since universilics ofien do nol provide cleacly stroclured specialized programs
in cither hydrology or waler resource managemenl = hence they enter cither diseipling withoul a genuine
'fecl’ for it. These issues have been discussed in detail clsewhere (Klemed, 1982, 1986, 1988a,b, 1994,
1997,

The object of this article is (o discuss the issee of maodefs from the poing of view of the busincss 1hey are
auppossd o scrva, In eegmd 1o the dinciplines of hydrology and waler cesources manngemeni, the
awarencsy of the distinction slarted to crystallize in the 1930s-3i1s, the issuc sccmed o be all but cloar
and seiticd by about 1973, bul then b reverse irend set in and the waters slarted to got murky sgnin, not
30 much because of ignorance bul rather, it scems, because of caleulated cleverness: for murky waters can
hide mony o profitable enterprise thal feeds on the confusion and could not flowrish in a ironsparent
cnwmnmenl Thc unforiurate thing is that there are many imnocenl vietims of Lhis stale of offairs: the

s, pl s, hydralogisis and alher professionals looking in good raith to 'experts’
for gu:dance and in no posilion 1o chalicnge the incrcasingly convoluted schemes, ofien devoaid of
substance, which they are being offered because "It scoms clear that some models are pressed because
profcssors are promaled and consulianis are consulted w proporlion (o their gencration of sophislicated,
mathcmolically oriented models” (Fiering, 1976).

What only scemed lo be 1he cnse two deendes ago, has now become a well established reality. A
colleague who (aces this reality in his everyday work has maticr-of-(aeily noted in his recent tetler: "There
are (o0 many models now wilh nice-looking interfaces bul no conlents whatsocver. The planners belicve
thet these will sotve all their problems” (since hf' is on payroll of ihcse planners, it may be in his best
interest if [ preserve his anonymily).

While most ol what follows applies 10 modelling in general, the emphasis here is on stallstlcal ond
probabilistic models,

The key issue: To kaow what ysur business is.

Howcver irivial this stmiement may appear, the Cacl remains that il often s Iar from clear whot the
busincss of o particulac business is, ¢specially in businesses hike hydrology or walee manngement. For
example, a5 recenily as 19457, » Conadian information brochure on hydrology insisied that the b

of hydeologists is Lo ‘'manage water' and cxplained how they do it in 2 chapler entilled "How Do
Hydrologisis Manage Water?" (ACH, 1987, ciled from Kleme§, 1988%a). While § had been aware of the
problem in these iwo disciplings, | was rather surprised when | learned ihal - significnntly in the present
comiexd - il existed {exists?y even in statistics ixcil, In o paper with a catchy title "Probability, sintistics
md the knowledgo busingss™ anthored by o ominent American slnlistician we rea:

"Mow docs a consulting statistician wack? Dacs he sav bo the scientist: Yon magl do 1his, You
must colloch dutw in this sway. You nust annlysc the data o 1his woy. And so an. You must mako
a 1tes! .. The answers are: OF course nol! How idioiic van you be? And yet, the greal bulk of
waorkers on foundalions of statistical inference scom (o hink i terms of such answers .. | have
met scicutisis who lave been brainwashed by siatisticians Lo the vicw thal their problems amount
1o the enlculation of a lincor discrinsinanl nnd the scienlisis wond lo know how to do 1his”
{(Kempthome, 1971; cited (rom Klemed, 1994).
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However, blessed arc the scientists who ¢an blame siaisticians for 1his kind of confusion about heir
businessl - Hydrologisls and water resource professionals have no such luch and wmust blame their own
kin for ¢xoctly the 1ype of brainwashing Kempthome was Lalking aboul. For, 10 paraphsese him, [ have
met hydrologists brainwashed by other hvdrologisis (o the view thal theie problems amount, say, te the
caleulstian of Lincar moments; and water managers brainwashed by ather water monngers 1o the view (hat
their problems amewnt Lo masicring the tinear or quadratic ar ofher programming lechaique; ete., ¢ic. And,
mosl imporiaat, 1 am nol talking now aboui a 30-ycar old history ndd d in Kempth ‘s paper but
aboud 1he presend peactice « [ am reporting live from localion’, so 1o speakl

In view of this, 0 schenie shown in Fig.) may be uselul in the further discussion. I allempta 10 bring oul
the et thot unless anc has a clear idea abaut his own business, il may be difTicull 1o recognize what the
business of others is, be clear abaut his own priarilics, responsibilities and eppanunities, avoid duplication,

y (riclions, appreciote Ihe mutual dependencies and noed for collaboration, as well as many.
olher imporianl issucs - ingleding the object of our main present inteeesl, i ¢ the diTerence in the
uscfulness and legitimacy of the two types of models menlianed carlier in the conlext of "My business”
on on¢ hand snd the “Qhers’ business™ on the oiher,

11 shoubd be cmphiasized that the scheme in Fig.) has been simplified in the extreme in order not to detract
from the basic Jegic af the ‘distribution of Jabour' and specialization necded for decper underylanding and
sdvancement in specific ficlds of human endeavour as well ag in their intcgrated ¢ffects on naturo and
socicty. A slightly morc deiniled pictuse, incbuding the main fecdbocks, for Waler Resources Management
in the posilion of "My bustacss” is shown in Fig.2 ndapicd (rom an original peepared lo help lacus the
agcnda for & Water Resources Management Group fomied af the University of Toronie in Fcbrunry 1971,
of which | served as frustraicd chairman uniit my resignation a year laler.

Against the background of the preceding discussion, the logic of miy answer 1o the Pr-nguc question may
perhaps be scen s n sherper focus:

When | enlered the enginecring profession in the mid-1950s, the concept of probability distributions of
hydrologic vanables waos nlready a siandard fenture of hydrology texibooks. | was neither qualificd 1o
question itx legitimacy, whether methodolagical or subslanlive, nor was it my business to do 20, My tark
w3 pot 10 contribuie to the scicnee of hvdrology but to use ils resufts 10 make o cantribution in my own
busincss which was the planaing and design of dams and storage reservoirs. The probability distribution
of inflows was just 2 hivdrological input’, onc of maay difTerent inpuis 1 os an eagincer had to rely upen.
And once accepied as such, a lransformation of 1his inpul by a reservoir was, conceptually of lenst, »
rather straightforwnasd watler, While such a transformalion was not yet o standard practice, [ thought it
produced insights cahancing reservoir design (¢.g., quantification of the seliabitity of teservoir yield) and
promoled it vigorously « this 1 thought was my busincss as an engincer.

A reinforcing argnment wps 1he Toet that the Ninal praducts of 'ny business' (0.4, numerical values of
various rehinbilily mensures) were, because of (he integrating clfcels of rescevoir slorsge, quite forgiving
to difTerences in the (loids of) probabilistic models of the inflows, ns {hc ‘heory of sorage’ predicted
(Moran, 193Y); for example, the ‘erear’ in aononl relinbitity dua 1o 8 “wrong’ distribulion model seldom
exceeded 2% withia 1he nsual range of shewness of annual Mlows (KlemeZ, 1971), and the ‘error’ due to
a *wrong' persistence stneelure was in the samke range (Svonidee, [964; Klemed ot o)., 1981). Moreover,
the differcnces between various models filied (o the dots, small as they were in the body of s distribulion,
were lorgely lost in the coarse diserctizntion which was salisfaclory Lo yicld stable reauls {Kiemed &
Jones, 1969),
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Wien, on the other hard, | am engaged in the business of hydrology - ¢ g. when investigating the nature
of tho probability disiribution of o particwlor hydrologicel entily - then it in not oaly legitininic but
imperative that 1 lock into the ways its peababilistic model is structred, into the question whether o given
model can be regarded as theoretical {explanalory ) er merely conpineal {deseriplive), that | undersiand thal
a method adequate for ihe construclion of an empirical inodel may be inappropriate for the development
ol a theoretical medel, ¢le.

it Tollows that § stach Lille meaning w0 leorned argnments about ‘best models® ond best methods' to fit
dels, be (they models of disiribulions or of stochastic strugtures of hydrologic phencnicna, unless il is
first clearly siated what o given model s for, In the context of the business ¢ hydrology', my.eriticism
has always been direcicd Lo the common miscongeplion thal vigorous enathemolical polishing of a purely
cmipirical model somchow transforms it into a ihcorelical one capable of contributing to the scienee of
hydrology. As explained enrlicr, ‘theoretical' here mcans based in some fund tal and irmeducible way
on the dynanyics of hydrologicad processes - nol, say, on computer Wicory, decision theory, extiemesvolus
theory, digteibution theery, number lheory ond 1he like, In other wornds, if ne knowlcdge of hydrelogy it
required for e construction of, say, a given distribution model of anaual MTow 1otots or Mow maxima, il
alf the know-how needed is some method (rom page 78 or 7 of a siatistical nanual, then the model is
net "theoretical' in the hydrological sense, regardless of the stotus of that mkcthed in the context of other
theorics such as lisicd above, Such n modet may siill be uselul Tor applicati in lrody chsc's
businesy but not for contribuling o the science af hydeology which is the hydrologist’s business.

Rocently, § reproduced from Feller (Klomed, 19973 o praphic example of the uscfulness in “somebody
clse’s business' of an cmpirical distiribution model known to be Iheorclically wrong in the garent discipline
« anthropology. The distribution being modelled was that of hwnan life expestancics, il was fitted wilh
a model with no upper bound, ond 1lus intrinsically wrong model has been sucecssfully wsed in the
actuorisl practice for decades despile (he (act that, soy, for a lifc span of §000 years it yiclds a rathel
meaningless probability of ‘onc in a number with 107(not 1027 as misprinted in the cited paper) billions
of reros’,

A few historical snapshols.

To my knowledge, the problem of ‘e perical-versus-heoretical” models was firal clenely stacd by the
incomparable Robert Horton in 1931 whose orgumem { have summarized in Klemed (1997).

Jusi recenily, | have come avross records of 8 vigerous discussion on the lopic in the USSR in the period
1951-52, initiated by A D. Savarcnskii (Savarenskii, 1952). A hard-lioc Sialinist thal he was, Savarenskii
cenceived the discussion as a highly politicized campaign promoling ‘progressive’ genesic methods
(theoretical models in the langunge of this cssay) ‘based on dinlectical materialism' agniast ‘rcoctionary’
over-reliance on formaltstic-statissical methods {empisical wodels). Sinee, despite his political zgal,
Sovaorenskii wos a compeient scientist nevertheless, he incvitably made a number of pettinent points in
the process (c.g., Ihal, in vicw of the changes in land use and climate, hydrologica! processes cannot be
regarded a5 stationary). Hewever, s | now have reasons 1o belicve, he politicized the issuc noi out of
ignorance but deliberately in order 10 have a pretext for denouncing S-N. Kritskii and M.F. Menket of
whom be was cxtremely jealous because of the populasity in the Sovict ‘applicd hydrology' school of theic
J-parameter poswer-gamma disiribution model for empirical distribution fitting, and ol theic graphical
reiaterprelation of his owa malrix storage madel of 1944 (cquivalent 1o the Moran medel of 1954) which -
in the absence of ¢flicical computing technigues ol he time - did not catch oa in ils original numericnl
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form. 1t may hove been just the iming of the death of foscph Stalin in 1953 that saved Kritskil and
Menkel from falling inlo disgrace or worsc.

On this conlinenl, the conlusion about he difference beiween the ‘business of hydrology’ and the vse of
its products in engineering crepl, for inslance, inlo the 1965 ASCE Commitlee on Surfacc-Woter
Hydrology definition of stochastic hydrology as “the manipulation of stalislical characteristics of
hydrologic variables 1o solve hydrologic problems on the basis of the siochastic propenies of the
variables” {cited from Klemei, 1978). Obviously, what was meant were empirical stochastic models - bul
these were mcant not 1o sefve ‘hydrologic problems’ bul to describe some observed propertics of
hydrologic data for use in solving engineering or other applied problenis. This was made clear by Fiering
(1966) who inroduced the term hetic hydrology for empirical stochastic hydrologic models, "in an
effort 1o remind the user that Apdrologic sequences penerated by recursive models, of whatever sort, are
meaningless unless transformed into some metric and then ranked to aid and abet in the exercise of
a decision” (emphasis added}.

Another atiernpt lo draw atlenlion to the dislinetion between the busincss of hydrology (scientific truth”)
and that of engineering (‘concepts of expediency’) was made in a memorable paper by Yevjevich {1968):
*There is a substantial difference between the needs for praclical and expedienl engineering concepts of
safety and the scientific truth. They do nol neccssarily coincide. ... Hydrology has developed slowly
because it has been idered an appendage of hydraulic ¢ngincering rather than a natural seience.” The
latier, of course, was lhe consequence of the facl thal, in the absence of hydrotogy as a fuli-fledged
scicnce, engineers themselves had 10 supply the hydrological inputs they needed and they did so by
constructing simple empirical models [rom the data - afler all, it was not their business 10 do 'seientilic
hydrology'. The slow progress Yevjevich was refernng to was then exacerbated by the fact that these
eng:neers, while keeping to their ‘expedient’ | lasted to think ol themselves as hydrofogists'
engaged in the science of hydrology, merely because they were embellishing heir techniques and
empirical models wilk increasing doses of mathematical polish.

§ mysell enlered the discussion on the instigation of the late Professor P.A.P. Moran, the eminent
Australian statistician and probabilisl, with whom 1 had discussed the tack of appreciation in hydrology
and water resources engineering of the distiiction belween theorelical and empirical probabilistic models.
Recognizing the scricusness of the problem, he asked me lo preparc a paper about it for the (971
upcoming syniposium on statistical hydrology in Tucson, Arizona of which he was co-chainnan, I
complied and illusirated with several specific examples the difference formulated in the introductory
stalemenl of my paper as [ollows (Klemef, 1971):

“Pure hydrology is concemed with hydrological processes as such, should strive for explanations
of how things happen and why they behave as they do, and its methods should be indcpendent
of any eventual praclical use of the acquired knowledge. In applied hydrology, on the other hand,
the major concem should be 10 know 10 what cxient our findings about hydrological proccsscs
arc telcvant io (he practicsl decision-misking proccss in waler resource mhagemend, o what
extent a more precise knowledge con make Ihe decisions more rational, the resulls more
predictable, and the means of achieving them more cconomical. Logical as this concepl sccms to
be, it is far from being implemented in hydrology m gencral and in siatistical hydrology in
particular”.

However, the sentiment illusiraled by these few examples was already ganing ground and the early 19705
saw a burst ol activity in the implementation of the above logical concept' the slowness of which [ was



complaining about.

Thus Fiering's clear formulation of the wtility in (he “water management business’ of (deseriptive empirical)

stochastic hydrologic models was brought to life by a number of ground breaking papers. For example,

one (Slack et al,, 1975) demonstraled that, it the "business’ is a water management lask of ‘minimization

of expected opponunity design loss’ for some flood prolection mcasure, then “nothing is gained in

reducing [it] if the underlying distribution ... is defined over and abowve simply using the normal as the

. assumed distribuation", despite the fact thet the lntier definitely is hydrotogically (Savarenskii might have

" said ‘genetically’) wrong. Other smdies {(e.g., Su and Deininger, 1974; Jettmar and Young, 1975; cited

from Klemes, 1977) showed, for example, thal optinlum reservoic operation (operating rules) is rather
ingengitive to the stochastic simciure of the inflow model.

In short, by the lime the decade was half over, the facl secmed 1o be clearly established thal mathematical

sophistication and polish, even the hydrological soundness itself, of statistical and stochastic models had

no abgoluic intrinsic valye for the 'water management business’ and matlered only insolar as “diffcrent
. choices lead to different designs™ (Slack ot al., 1975). 1 also has become obvious that the effect of the
diffe in input models' d progressively less wilh the exient of averaging (inlegration), whether
physical (by reservoir slorage, say) or computational (in the calculated ‘expected’ values of economic
parameters), 10 which the models were subjecied (Klome$, 1977),

Parallel 1o these developments in the undersiandmg of the role of probabilisiic hydrologic models in the
_business of waler management were attempts to move from em pirical to theoretical probabilistic nodels
in the science of hydrology itself ('pure’ hydrology, in the language of the times) where their hydrotogical
soundness did have an intrinsic value since it aided the 'knowlodge business' of hydrology. These included
Yevjevich's explanation of the higher persistence in annual ronolT series as compared Lo that in the series
.of anpual precipitation, Kalinin's hydrological rationalization of the tendency ol annnal mnolT (o be
. gamma-distributed, Eagleson's pioneering 'dynamic approach' lo Nood frequencies, my own work on
possible hydrological causes of negative skewness of some flow disiributions and of the 'Hurst
phenomenon', and some other smudies. This early work | have summarized in Klema3 (J978). To
emphasize thol the issue here is lundamentally different from mere ‘manipulation of statistical
characieristica of hydrologic variables' which underties empirical nrodals, [ called it ‘physically based
~ stochastic hydrology'. At the time, [ deliberately avoided the labels "smpirical' and 'theoretical' stochastic
. {probabilistic) models, using instead the terms 'operational’ and ‘physically based’. The reason was thai,
. in the context of probabilislic hydrologic models, the torm ‘theotctical’ was used whenever the theory of
" probability or stalistics was used in their construction, even when, from the poimt of hydrology, the model
. was purely empirical and involved no hydrological Iheocy whatsoever; my present usage betrays my
- (cautious) belief that this danger is no longer too large.

While the work on theoretical probabilisiic hydrologic models has not lost the perspective of what ils
business is and has been bearing fruit ever since (eg, Muzik and Beersing, 1982, Kavvas and
Govindaraju, 1991; Kavvas and Karakas, 1996), the work on empirical models seeins 1o have lost the
sense of direction outlined by Fiering and drifted inte a now business of modclling for (he sake of
.. modelling. This development was undonbiedly stimulated by compater technology which has made
" ‘manipulation of siatislical characterislics’ casy thus often substiluling lranical computali for

thoughtful analysis of the purpose of the cxercisc. This danger was again [irst noliced by Ficring who,

as early 89 1976, offered a vision of the rather dismal state of offairs which has reached frition in this

deesde, I have long becn fascinated with bis insighl and quoted il on several occasions, lasi lime in
. Kiomed (1997); however, iL is worth quoling onec morc before the centuey is over:
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"Fascination with antomatic compulation has encouraged o new set of mathematical lormalisms
simply because they now can be compuled, we have nat often enongh asked ourselves whether
they cught 1o be compuled or whether they make any difference ... we build models 1o scrve
models o serve nyodels (o serve models, and with all the compulation, sccumulated truncation,
roundolff, stoppy thinking, and sources of inlellectual slippage, there is some question as 1o how
reliable are the final resulis” (Fiering, 1976),

Indeed, while new modgls and methods arc continvcusly cropping up, adverlised as ever more powerful
tools for water planning and manag, t, they are seldom subjecied (o the scruliny of being "transformed
into some metric and ranked to aid and abet in the exercise of a decision” and analyzed "whether they
make any dilference”. More typically, a statistical or probabilistic model or fechnique is antirely e off
from any specific hydrological or water £ 1 busi and is massaged mathematically in the vain
attempt to make it a ‘better’ model.

The truth is that this new type of model can serve neither hydrology in aiding its knowledge business'
nor water management in any of its diverse specific tasks, Model building has developed into a 'modelling
business' of its own, reversing the role of modelling (rom serving a given discipline te achieve a specific
cbjective, to an enlerprise to which various disciplines themselves serve merely as an excuse for cngaging
in the activity of modelling; ¢cynic may say that at least in one area of human endeavour the goal of
‘sustainable dovolopment’ has been achieved.

[ was brought up 10 dare in these matiers at a Evropean Geophysical Society meeting a few years ago
when, asking one author about the purpose of her model and how it was related to the dynamics of the
process being modelled {precipitation, in the given case), she replied, obviously surprised by my lack of
eomprehension of the basics: "??? But this is the scientists’ business - we are modellers!” [ took this
disarming clarity about the nalore of one's business with a gram of salt, 1 must admit.

1 realize that if’ the question put ic m¢ in Prague came from a modeller of such persuasion my reply must
have secmed genuinely puzzling and irrelevant - and so, for that matter, may seem this arlicle o Ihose
whose perspective coincides with the above example.

Posiscript

Myron Fiering once sent me a preprint of a joint paper he had writien with his colleague Peter Rogers,
with a note saying, among other: "Peter and [ are continuing to push on our campaign to re-humanize oor
brand of engincering, but in effect we arz climbing on the bandwagon which you initiated some vears ago

. acceptance by reviewers has been less than overwhelming because we take a characteristically
unpopular position about the dircctions in which our profession has been heading ... Nonetheless T think
you would like il, so 1 enclose a copy for your amusement” {M. B Fiering, persenal communication,
October 9, 1985). Yes, | did like the paper; but it was diflicult then, as it is now, to be amused seeing
one's profession drift inte irmelevance. )
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