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Reporting Scale and the Information Content of Streamflow Data

Abstract
Hldro etric records are collected on a nearl) conrinuous basis in man] hydrologic netering prosrans rround the $orld. These
'neasured \ignal,t are t,vpicall) repoded on r tnne scrle lonser than the orisinal obser\ati|)ns. lor il1\uncc daily. nonlhb. or annual
runoff. The .rnal)sis fresenred hefe exanined records lbr sevetul )crrs lion a nunbcr ol $.rlcr\hcds in British Colunbia. ll
addre\ses $hether or n(x the repofiing of ddl,r' mean dischrrge is .rppropridc lbr slrcami ol djlicrcnl si/c \calcs and hom
differe.! hldmlogic fegions ofthe pfoviDce. Dril] ne.rndischarge is.rn apprLrpdale i:portirg scale lor wrlersheds ol large.re.r
rnd lo$ prccipitation. Howeler in smallef \\ateNhed\, rnd particularly those \ubjected to coastal fturs. r iinef tnne i er\al is
rlorc r morc tclc\anl scalc.

lntroduction

Records of strcamllow are collected from networks
of stations by nrany agencies around the world.
Caselton and Husain (1980) suggest that the sta
tions in such networks should be considcrcd as
transnitt ing hydrologic infbrrnation. The hydro-
logic infbrnation is contained in the data records
collected manually or automatically. The santpling
inten al is an impoftant decision in thc dcsign oI
data acquisition systcms (Gupta 1973). lf there are
signiticant serial correlations. rcdundant infoma-
tion rvil l  result if the sampling is too tiequcnl
(Whitfield l983). Horvever, inliequent sampling
would lead to a loss of information (Gupta 1973).

Man)' gauging prograns collect obseNations
col1linuously and then repofi data at a time scale
nuch reduced fronl the scale at $'hich the origi-
nal measurements were made. Ole example is
that continuous analog records of*ater levels are
converted into daiJy mcan discharges. This daily
data contains much intbnnation about cenfal ten-
dency. but ot'ten nruch of thc hydrologic infor-
nrlt ion containcd in Lhe original signal is lost.

Streamtlow records ha\e many propcrtics. and
many uses. Severrl authors (Matalas and Langbein
1962:  Qu impo andYang 1970:Cupta  1973)have
descrit.red the inlbrnation content ofthe mean of
such records. The information about central ten-
dency contained il such records is used in as-
sessingeconomic andengineering aspectsof water
Houe\e f ,  much o l  lhe , le l  i l ed  in l ' r r rmr r i , r r  c , ,n -
tained in such records has been lost. Historically.
the irfbrmation which was lost was of l i tt le con-
sequence as the amount of detail was djltcult. i f
not impossible. to use in hydrologic analysis.
Hou'cver, several authors have suggested that there
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be more consideration k) t ime scales in data col-
lection and analysis (Loltis et al. 1991).

Cupta  (  I  o73)  eon ' idered  th (  i r  lb rmat ion  con
tent ofhydrologic r€cords when leduced from daily
values to weckly and monthll, rccords. Gupta
( 1973) pertbrmed a number of analyses consid-
ering the intbrmation loss u'hich occurs \\"hen
records were smoothed to melns which represent
a week or a month.

The present anal"vsis considers this same ques
tion whcn applicd lt l rccords at a fincr t imc scalc;
considering the infbrnation loss which accom-
panies the smoothing of lecords digitized at 15
minute inten'als and snoothed to 30 minute, hourly
ctc. dtralions. lnmuch ofthe coastal areaofBritish
Colunbia, there is corsiderable detail in records
collected at 15 ninute intervals (Whitfield and
Wade I 992: Wadc trnd Whitl icld 199,1.1. The
present work considers the intbrmation loss that
happens rvhen data ti-om a 15 minute sampling
interval is smoothed to longer time intervals.

T()day. we are increasingly concernecl with
details. mechanisms. and environmental processes
than in the prst. Ecosystems operate on a wide
range of time and space scales, ranging tion tiac
tions of second to thousands of years. and fron.r
mill imctcrs to global cxtcnt (Stcclc l99l ). Stan-
drrd methods and standard reporting scales were
erpeJ ien t  r rn . leF l i c iun t  i  ' r  , Jer l ing  u  i th  eng ineer i r rg
and economic assessmcnts. However, k)day we
are seeking dit'tLrcnt typcs of intirrmation fronr
the records, and the availabil it l  ofhardware and
softu,ale to plocess large amourts ofdata allows
us lo consider more detailed examination of the
records. Spccifically rvc arc sccking infirrnration
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about the processes which result in the observed
hydrologic cvcnts and what the events tell us about
the eDvironments and ecosystenrs.

In the coastal areas of Brit ish Colunbia lain-
fiill dfiven steamllorv can van' quickly; olien vcry
signil icaot changes can occur over a few hours
or less. The analysis hele lelates the information
lo \ \  1 , ,  t \ !o  ph5 ' i .a l  p rope l t ie .  o I  th r  s l l t ion \  r t
which the records were collected. First, the ex
aminttion of intbrmation coDtent in relation to
drainage area. lnd second to runoff. It was ex
pected that small wrtershed with high runoffwould
have much mole complex records, and more in-
tbrmation would bc lost when records f'rom these
stations were smoothed than stations which have
large drlinage areas and less annual runoff per
unit area.

Methods

For each ofthe cases considered here the prinrarl
measurenent interval is 15 minutes. These val
ucs are the integration ofstreamflorv over l5 min-
utes rather than discrctc samples. Twenty-two
hydrometric stations from differcnt hydrologic
rcgions of British Columbia iurd ovel a broad rangc
of drainage arcas wcrc examined. For each sta
tion three separate yeals of data were asscsscd.
These stations are listed in Tablc I with the drainace
arca, the long term annual runoff. and the Envi-
ronnrcn t  Crnada s t r t ron  nurnhcr .  The.e  : t r t ion :
*'ere selected to covel the range ofboth drainage
area and runotT fiom small to large. A plot of
watershed area against runofT in Figure I shows
the variation amongstthe 22 stations studied. Thcse
stations were choscrl to cover both several orders

l l  Ul- l iL  Stat ion nu bcr and nl rnc lar  lhc $ lLcrsheds \ \ i lh  the \ iateNhed.rrea and long ierrr  annual  ru o i fandf icrunol l  in
crch ol Lh. three )e.rrs used ir this stud\'.

Nlcan Annurl Discharge
in ( lrhic \'lclcrvsccond

Runoli
1991 1991 l99 l

08HB069 Car.at ion Crcek r1 150 contoul

08l iB0, l8 CrmrLiN Creek al  the mouth
0itMH098 \\'cst Creck near Fort LaDgle!
08NM l.l5 Buln.rn Creek at the mouth

08NlH07rr Kanala Clrcck ncar $'cbster Corners
0S. lA0l6 Nl ic l lor  Crcck .c i r r  lhc lnouth

08NKol I Fording Rivcr bclo$ Clode Creek
08llc00.l Bcd$cll Riv€r abore UrsLrs Cfeet
08NNl l7 l  Vtr \eu\  Creek above Solco Cree(

08HC002 Uconr Rner at the nruth
08AA009 Giltrnr Creek neaf the mouth
08NF077 Drmcs Crcek near \eedles
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of magnitude in drainage area and tiom low run-
olT to high runoff watersheds.

values in the series compared to the total vari-
ance of the entire data set. While several cstima-
tors of the infi)rmation content have been pro-
posed von Neumann's valiance ratio was chosen
(von Ncumann e t  a l . ;  1941:von Neurnann 19 ,111.
The Von Neumann's variance ratio was calculatcd
using:

Where.r, is an obser!ation at t imc I. t is thc mean
ofthe series and fis the total number ofobserva
tions. Von-Neumann's ratio is essentially the ra
tio of thc variancc of lhc points in the serres, one
to the next. against the statistical vadance of the
entire series. This provides a measure of the in-
lbrmation content of the series of observations.
and as it approaches unily indicatcs thal thc point
to point variance apploaches the statistical vari
ance. An important leature of Vol-Neunann's
variance ratio is that the clfcct of sample sizes
associated rvith the smoothing of the raw data is
removed (von Neumann 19.11.).

Results

The differelce between l5 minutes accunulations
and daily mean discharges aLre shown in Figure
2. A sixtcen day interval is shown tirr a small
watershed (Figure 2a) and for the same period in
a largc watcrshcd (Fi-eure 2b). These are typical
exanples of the impact of smoothing. For Car
nation Crcck, a snall high dischar€e stream. the
impact ofthe smoothing is quite obvious (Figure
2a). Here the observed streamllow is ody grossly
rcpresented b)' the drilv rnean clischarge. Forthe
Fraser River at Hope, a large river with a largc
drainage area. the daily mean streamtlow nolr
closely represents the odginal obselvations (Fig-
urc 2b). In particular. the smoothing which takes
place fol a large rivel results in the expected in-
tegration, howeYer, lbr the snaller coastal strean.r
there is a complete obliteration of the signal. This
then demonstrates that the records of the daily
mean discharges signiticantly alters the intbrma-
tion content of the original measurements.

Samp ng Rate

Estimates of the lag I autocorrelation coelllcient
and thc V)n-Ncumann's variancc ratio wcre ob-
tained for each of the 22 rivers and streans, for
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I  jgure l .  l tunof l  and dfainrge xrcx fe l r t ionships fof  dre 22
hrdrobgic \tutions described in T.rble 1.

Erch series wrs smoothed from l5 minutc
obscr!alions to 30 minule trverages, I hour aver-
ages.2 hour.:l hour, 8 hour, I day and 2 day av-
efages. Each of these sm(x)thed series has thc
same mean as the initial series. The autocorrelation
t!nction of each of thcsc scrics $'as calculatcd.
One prol.rlen with the interyretation of the lag
one autocorrelation is the ditl 'erences in the cle-
grccs of frccdom bctwccn thc l5 minute data and
the smoothed versions. Wher smoothed to one
clay there is rpproximately r loss of 100 degrees
of freedom. While the total degrees of freedom
firr all cases is lrrgc, it is not cqual bctwccn thc
various cut','es.

The assessments of inlbrmation loss was based
on the assessment of trvo properties of the origi-
nal and smtnthccl rccords. Thc llrsL of these is
the autoco[elatiol'r of the values in the tine se
ries. The auk)corrcllt ion is a measurc of thc rc-
lationship between each observation and the next
onc in thc scrics and is calculaLcd using:

10 100 1000
Are!(knz)

I ( - r , - i J ( - r , , r - f )

Ll-r,  - t  /-

uhcr-c -r. is an obscrvation at t imc t, and t is the
mean of the se es. When values in the sequence
arc similar Lhc auloconelation r alue will approach
a value of one. [f the series is random. the value
u'i l l  approach zero.

The second propeny is a melsure olthe ann)unt
of inlbrmation conLained in the variance of the
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three separate years ( I 99I . I 992. and 1993). The
results lbr each of Lhc thrcc ycars wcre similar,
and the arerrge lag I autocorelation 1br the three

60.00

years for each stream and cach lcvel ol smooth-
ing is presented in Figure 3. Fol all streams. the
autocolrelation coefficienL incrcascs rvith the
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number of samplcs rcpoftcd pcr da). indicating
that as the density of samples incrcascs thc timc
series which are -eencratcd contain lcss indepen-
dence bet$een mcasurcmcnts. ln larger slreams.
such as the Fraser River at Hope IMF005 | the lag
I autocoffelation remains near unity unti l t lre re-
pofiing interval is nultiple days. Small coastal
streams such as Camation Creek at the Mouth
lHB0.1ii l and Bcdrvcll River lHC00,1l have very
low lag I auLocorrelations when the nunber of
samples rcportcd pcr dly is reduced. ln particu
lar. colrsider the range ofobscrvcd autoconelations
at the reporting interval ofone per day. The lag I
auloconelation coefficient l'aries from0.5 to nearly
L This rcsult alonc suggests that the intbrma
tion content of such rccords is dil ' lerent. and the

1 0 . 0 0

1 .00

amount of redundant inlbnnation contained il those
records is also clifTcrcnt.

There is a relationship between the repo ing
l ' tequene l  u t t t l  thc  r r 'n  Nt  umln t t  .  r r r r i rn ie  r r t i , '
for all streans. As the number of sanples re
ported per day increase there is a reduction ofthe
r r t io  r l  rgurc  4  t .  Th i .  rcJuc t ion  rn  thc  r r l i , '  i \  in
total several orders of magnitude. For all rivers
there is a substantial diff 'erence between alnrost
every sampling interval. In effect. as the repofi
in-q fiequency increases there is more inti)rma-
tion about the signal captufed. Considering the
reporting irteryal of ure day, therc is lrore than a
two order of magn itude variation I I .0 to less that
.01 I across the stations considered. When the ratio
is less than unity the point to point vanance ln
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the series is lcss than the total vadance, indicat-
ing that there is signiticant serial corrclatioD be
tu'een succcssivc poinls. As the statistic increases
torvalds unity there is ]ess scrial corelation in
the data. Thus. for one reporting trequency (i.c.
one per day) there is a substantial dif lcrence be
tween this statistic rcross the 22 sffeams consid-
ered.

On thc other hand. consider- that it might bc
desirable to hold this statistic constant for all
slrcanls iD a network. in a case $here thc same
level of inlbrm ation about each station was needed.
Consider that a Von-Neumann's variance ratio of
0.01 was impo ant for pror,iding adequrte hy-

'1 .00

0.80

drologic data. In such as case, some river could
be reported once per day (Fraser River at Hopc
lMF005l) while others $ould requirc more fre-
quent reporting (e.g. Carnation Creek IHB069l
-50 times per day).

Dra inage Area

In the preceding results it was suggested that
snaller watershed havc il nlore complex hydro
logic reu,'rJ. JnLl lhdl morc frequcnt rcportirg
provides morc information. A plot of drainage
area against lag 1 autocon elation coefhcient (Fig-
ure 5) shows that there is a tendency fol low lag
I autocorrelatioDs to be associated u'ith small
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drainage basins. This is not a consistent treld. as
there are basins of sinilar arca u,hich have very
dift'erent coefflcients fol a sampling licqucncy.
yet have similar areas. This is best i l lustrated by
colsidering one of thc lower reporting trequen
cies. At one sample pcr day. fbr example, there
the coefficient is high l>0.91 at the largest drain
age aleas [l0000 km]l but much more variable in
smaller drainage basins. ranging t'nrrn 0.5 to >0.9.

A rnuch clearer pattem cxists ti)r the relation-
ship of Von-Neumaln's vadance ratio to drain-
agc arca. There is a colsistent decrease in the

ratio across the various repofiing inteNals ti)r the
range of drainage areas considered here (Figure
6). This decrcase is about one order of magni-
tude tirr each of the reporting liequencies from
the smallest watershed to the lalgest.

Runoff

Thc other hydrologic variable which was consid
ered to be important rvas runotT. The lag I
aulocolrclation dgcreased with increasing runoff
(Figure 7) paniculiuly lor highly snroothed data
(0.25). This suggests that there is less correlation
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Discussion

The choicc of sarnpling interval is an impofianr
r le i i ' i r r r r  in  the  Jc . ign  o l  J  c  rcqu i \ i r ion  \ ) . ren t .
(Gupta 1973: Loltis el al. l99l). The final deci-
sion regarding the interval is a compromise be
twccn rnaximizing the information content ofthe
signal and minimizing the collection and storage
of redundant infbrmation. One possiblc approach
i s  a  s l r n p l i n g  i n t e r r r l  u h i c h  m r n i n r i z e '  r l r i u n c r
and thus marinrizes the inlbnnatioD contcnt (Gupta
1973). Tir achieve this Gupra suggests serting a
threshold based on infornration content which
balances the intbrnation content of the signal
against the collection of redundant inlbmation.
In his study he used a threshold of 0.80 fbr rwo

0.40

1 0 0

anongst values io a series fiom l high runoffsteam
which has been highly slnoothcd. There is sig-
nificant scatter bet$'een coefflcieDts for stations
of sirnilar area despire the general rrend. For the
highest reporting tiequencies, the autocorreliltion
for lag one are near unit1.

Vrn-Neunann's variance ratio results havc a
relationship to runoff. Vrn-Neumann's ratio in
c reJ \c \  $ i lh  in i re r : ing  runot l  l i ' r  r r r )  rcpor t i r r ! :
intcrval (Figure 8). Generally. there is about one
order of magnitude incleasc in the latto bct$,een
the lowcst runolfwalcrshed and the highest: how-
ever there is considelable scatter aboul the rela-
tlonship. This rcsult retlects the higher conplexitv
of the signal in higher runotT strean'ts.
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\', ater vears tl-orr three sites in watersheds with
areas of about 100 kn.r:. In addition Gupta actu
ally rcsamplcd thc rccorcl at discrcLc intcrvals a
record rvhich had been created by l lccumulation
and averaging to daily mean flows.

The results presented here show that selecting
one size watershgd fiom one geographic region
could be misleading. The infornatiol content of
streamllow records is related 1rr both the runoff
and the area of the watershed. The conelation
lunction is a measure ofthe reservoir nechanism
in the rvatershed (Clottschalk 1977). Caselton
and Husain (1980) suggest that there should be a
scientif ic basis firr the design and operation of
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Ficufe 8. iue.rn \,()n NeLrnunn s \rifirnce r.rtio.L\ r lirnction of runofffin the nine fepofting intervals li]f the

hydrologic neLworks. Onc of thc inrponant deci-
sions which must be made when dcvcloping a
net*ork is how the results rvillbe reported. Thc
results here suggest that reportiug on one tinle
interval results in a significant loss of dctail con-
tained in the original signal. Whilcthis intbrrna-
tion loss may be srnall in terms of central ten-
dcncy measures. thesedetails are impoftant in other
typcs of analysis. High frequencl water quality
monitoring has revealcd iniirnnation about pro-
cesses tatriingplace within the ecosystcm (Whitfield
and Wade 1992; Wade and Whitficld 199,1). As
the interest in ecosystems increases the l ircus is
shifi ing from means lnd varirnces to detailed
analysis of processes.
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From this analysis it appcars that both $atcr-
shecl area and runof} have a strong influence on
thc information contcnt of hydrologic rccords.
These dilference indicated that the response char
acteristics of watersheds vary with both size and
with runolT. This nay be considered as a prop-
cny rclatcd to thc rcsidcncc l imc of watcr within
the wiitershed. Small rvatersheds rvith high run-
oflhare highly variable hydrographs. The intirr-
nrrtion contcnt of rccorcls is rcduccd and thc sig-
nal oblitcratcd whcn rcporbd on a time inlerval
grcatcr lhan lhc scalc at which events Lake place in
that \\,atcrshccl. Thc infomration contcnl of such
rccords is not equal across l brtud range of drain-
age areas. nor acloss n rulge of annual rrrnoffi.

Conclusions

The intbrmation content of records is a useti l
perspective to consider when designing the
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collection of a hydrologic record (Gupta 1973).
Caselton and Husain (1980) suggest that infor
r r i r l i , ,n  r , ,n len l  i .  rn  i  r fn r lJ | ] l  c r i l c r i l  to  eon
sider when developing the scientit lc basis tbr
network oper-ation. The present results support
this obseruation and demonstrate the loss ol in-
fomration which results from operating in a singlc
reporting scale.
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