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Polar Plott ing of Seasonal Hydrologic and Climatic Data

Abstract
A p o l a r p l o l l . 0 m l i n \ i \ u l i 7 i n g c h a n g c \ j | l ! c a S 0 n u l d l L l l L i s p | e s e n t e d ' 1 . h j s l . c p r c s c n t i t t i L ) n . e a 1 s
rcnlolcs lhe wintef )_eaf-boundari disconlinuil,,- created b! stxndard Cartclim piottillg method\. Polar plols l.rcilirlre \i\ al
prcsent . r t ion of  changes in rhc Inagni lude ld ph.r \e o l  en\ i ronmcnlal  \u i . rb les nd r l lo$ ef tc l i \c  ! isutr l iZrr ion of  seasonal
p.r t tems. E\rmples of  pol i r  p lo ls r rc presented using sneanr|o$ dru l iom t$o streams in Br i t ish Columbia.  This nrethod is
purlirulrrl) usel_ul for conrparing lnld rontftsting \\stenr\ rhat c\hibit dillefenr patrefns of sca\onel shilts.

Introduction

Thc need fbr impror,ed mcthods of presenting
complcx scicntif ic inlbrmation has bccn recog-
n izcJ  in  th .  . l . r l i ' l i \ J l  l i l e r , i lu rc  lo r  'o rn i  t in r r
(Fienberg. 1979). Whcn scicntif ic results are pre
sented 10 both technical and non,lcchnical audi-
ences. as is often the casc in the environmental
sciences, this need is especiall,v strong. Rccentl).
lbnnal proceduts for identilying eftective graphi
cal mcthods have been proposed (Clcvelrnd and
McGill, 198.1: 19117.). Thel'show horv cenain grrph
t)pes can be betler than others at presenting ccr-
tain t),pes of inlbrtr. ation.

Traditionrlly, the direction. nagnitude, l lnd
signiticance ofchanges and trcnds in envirorunental
data havc bccn reported via results l lorn hvpoth-
esls tests. As pointcd out b1, Lofius ( 1993), l lrc
graphical prcsentation of cxpcrimental data of
fers a more etlectir,e u'av of communicating this
intb nation to an audience. Overlaying timc-sc-
r i cs  p lo ts  o f  env i ronmenta l  ra r iab les  ( i .e .
hydrographs for prcscnting changes in discltarge)
is onc mcans of graphically plescnting this tlpe
of inlbmation (c.g. Leith and Whitfield. 1998).
Horvever, t ine se cs plots clo have drawbacks.
Thcsc methods can obscure obscrvcd changes luld

make graphicrl comparisons betwccn ditlerent
systems difficult. We prcscnt a method developcd
to bcltcr i l lustrate inpacts of clintate variations
on environmcntal systens. This ntcthod is par
ticularly useful for illustrating changes in lltc phase
and nragnitude of seasonal variables.

Method

\\t wil l i l lustrate the elfccti lenes! of this ple-
sentation nrcthod using changes in discharge in
streams in Bril ish Columbia as an examplc. Leith
and Whitl iekl (1998) and Whittleld (2000) have
shown thrt the magnitude and timing of runoff
events ur sffeams in British Columbia haYe cltanged
over rcccnt decades. Onset dates of hydrologic
spring ald fall in strcanrs in south central B.C.
lrc occurring e;u-lier in the lcar From our research
perspeclivc. we also deal with coastal streams
where the highest discharges are during thc u'in-
tcr and lowest during sumnref.

Tr r rJ i t i , ,n , r l  h )d rocr : lph :  l r , 'm I11 , ,  \ t re i l1 r .  in
Brit ish Columbia durin-e two recent decades arc
shown in Fi-sure I . Peak flows from the snow melt
drir,el Tulamccn River'(at Princeton) occur in
spring and sumner *hile peak tlows frotn the
rainll l l  driven Sarita River (ncar Bamtield) occur
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during winter. Arowhcads on each graph indi
cate periods during u'hich changes in flou,be-
tween the tu'o decades arc statistic llv siEtificant
(p < 0.05). Lcith rnd Whitl ield (t998) prcsent
dctails of the statistical mcthodology. The
Tulaneen Rivcr exhibits earlier spring flows and
an e;Lrlier surnner lorv-flou period:the Sarita Rivcr
L r hihit. inire:r.e. in u int, r anri rle. reuse: in .urn-
lt-ter.

By  t rca t ing  t ime in  a  l inear  fash ion ,  the
hyclrograph imposes an artiilcial break in discharge
across the winlcryear-b0und;ul' (Decembcr-Janu-
ary). Visually. $,e havc fi)und that this disconli-
nuily can be confusing rvhcn trying to compare
shifts in cyclical variables. such as discharge. rlhich
peak at different l imss of the year. I l Figulc 1.
chtrngcs in peak florvs that occul in \\'lnter. such
as tbose obser!ed in the Sarita River. are de-enr-
phasizccl \\'hen they e split betwecn thc two ends
0f the plot.

We have dcvcloped a polar plot forn lbr pre-
senting iftbnnation on changes in magnitude and
phasc of seasonal variables. Thc polar plot fbrm
\\'e present treilts limc in a cyclical fashion. This
renlovcs the vear-boundary discontinuity and fa-
( i l i l i r le \  \  i \u : l l  p rc \cnr i r r i , ,n  i ' l  \h i l i r  i l r  InJgn i -
tude and phase of environrnental variables.

Polar plots ofthe two hydrographs shown pre
viously arc given in Figure 2. The rulcs used to
consffuct these plots arc:

l. The beginning of thc calendar year is located
at thc botknn of the graph.

2. The time inlcrval 1 of the data is convcrtcd
into degrees bv 360(t, - r,,,,,,)/(/.,,,,-/,,,, ). The in
lcrval of diita is indicated bl thc nunrber of
l ines, and thc names of the calendar scasons
r ' re  lpp l ieJ  fo r  lh .  rc rdcr ' .  h (ne l i l .

The maxinun and ninimunr of the data rs
detemrincd and used to set the values of the
outer ring (maximuml and thc inner ring (rnini
mum). The vertical scaling nav bc cither l in-
ear or logarithnric.

The two data scries are plotted, each shadccl
dif lerentlv.

Thc area between the curvcs is shrded dark
when the second curve is luger. l ight when
thc sccond curve is snaller

Significance anorvs are altachcd to the cun es.
Ilthe sccond curve is significanth largcr then
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r l ight-shaded up arrow is located on tltc ra-
dial l inc indicating the time pcriocl: if signifi
crntly snaller thcn a dark-shaded down ar-
row is rpplicd.

7. The time period olthe maxinum for each drta
set is deternined and a shaded radial line is
drawn indicating each period. An it lc is then
drawn bctween the two peaks.

8. A vertical bar indicating the vertical scaling
is placed to the left, and othcr details ofanno-
tatlon are applicd as appropriate (i.e. station
name and numbers).

Thc essential leatures of this graphic are:

1. The cyclical view shows the timirg of thc
seasons and shilts between calcndar time and
ecological tine.

2. Ditlerences in dischargc betu'een time pei-
ods are shadcd.

3. Periods exhibit ing stlt istically signil icant
changes are markcd with arrou'heads. The
direction ofthe anowheads indicates whether
the significant trends are increasing ordecreas
ing

4. A shacled radial l ine shows the peak in each
decade. An arc bctween the l ines indicalcs the
amount and dircction ofthc shifi in the peak.

5. The axis on the left shows the range ofvalucs
obscrved at the station; thc outcr ring is the
tnaxlmum \aluc, and the inner dng is thc nrini-
mum value.

Dala arc plotted with aconunon tcmporal scale
rrrJ ir siuled di.ehrge.erlt to ln. i l i t l te comptirorr
betwccn systen]s. Shapes and attributes of mul
tiple polar plots showing different systems can
be conparcd and contrasted quite easily as a re-
sult. Plotting with polar coordinutes uses direc-
tion. angle. aDd lcngth ofthe plotted rays and arcs
to convey infbrmlrtion on the liming ud nagni
tude of dischargc cvents. Use of shading crnpha-
sizes the types of changes (increases iurd decreases).
and thc area betu'een cunes givcs an indication
of the relati\,c size of changes. The acldit ion of
arrou's denoting signil'icance of changes allows
results ol statistical tests to be intsgrated with
graphical cues showing actual magnitudes ol
obsened changcs. While sirnilar infomation could
be poftraved on a traditional hydrograph. the l i-
sual discontinuity between Dccember and Janu-
ar.y would sli l l  be present.
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This form of graph allows cffective commu-
nication of changcs in discharge both within a
gi\,en system and bet$,een different systens. Di-
rect compadsons bctween systens alc possible
and cff'ects ofthe winter discontinuity arc no longer
present. While our examples wcre chosen to com-
pare differcnces bet\\"een decadcs, the nethodol
ogy could also be used to compare more than two
time periods or sets of data. Depending on the
numberofdata sets. multiple shading pattens could
be introduced to account tbr the difl'crent rela-
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tiorships betrveen the curvcs and sets of arrows
could be plotted to pofiritv results llom the mul
trple comparisons in the slatistical tests.

Conclusion
While polar plots are not new. the application we
prcsent here is a useful firrm to present seasonal
hydrologic and climatic data. Our expericnce has
been that plots of the type we have developed
allow cftective comlnunication $'ith both tcchni-
cal and non technical audiences.

Lei th.  R.  \ ,1 Nl  rnd P H. Whit f ic ld.  199i1.  Evidencc olc l i
mare changc cilects on the h!drology of streams jn

sou&{entral B. Cl. Canrdian \Varer Resourccs Jouf-
nal  2 l ( l ) : l  l9  210.

Lof tus.  G. R.  1993. A pictLrre is  l lor lhathousandI\a lucs:
On rhe ifrelelance ofh)polhesis tesring in lhc micro-
compuler age. Bcha!ior Research Nlclhods. Instrr-
ments and Cl0lnpuref\ 25:250 156.

Whillield P H. 1000. l-inkcd hldrologic and clin.rre vlfia-
t io.s in Br i t ish Columbia and Yrkon.  Submi! !cd lo:
En! i ronmental  \4oni tor ing.rnd A\se\sJnent.

80 Northwest Scicnce, Vol.74. No. 1.2000


