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SUMMARY

I. Title

Time-series modeling of the multi-variate interactions in a coastal air-sea interface

II. The goal and necessity of research

1. The goal of research
O Improvement of the heat-budget analysis level in the air-sea interface
O Time-series data reconstruction of the influence factors on the heat (energy)
budget mechanism in the coastal seas.
O Development and performance test (estimation errors and confidence interval) of
the model predicting the major parameters closely related to the heat balance in the

air-sea interface.

2. The necessity of research
(1) Technical aspect

O There are close and complex interactions between air and water temperatures,
solar (short-wave) radiation, long-wave radiation, sensible-heat, and evaporative heats
in the air-sea interface. Only few main parameters, such as air and water
temperatures and solar radiation, are observed. The other parameters should be
estimated using the available empirical formula and relationships. It makes the
predicted heat balance uncertain in a certain level.

O There are basic interactions between the related parameters in the heat/energy
transfer mechanism in the air-sea interface. It is, however, considered as the one-way
mechanism.

O It can be carried out to observe the additional parameters related to the heat
balance for the more accurate air-sea interface information of the parameters.
However, it is practically limited. The method using the available data as possible as
we collect is the most suitable and effective method. The available data sets are the
KHOA monitoring data, NFRDI monitoring data, and KMA buoy monitoring data. The
data set should be checked for the quality assurance, outlier detection and missing

— iV -

imputation.
(2) Economic and industrial aspect
O Coastal environmental change are essential issues because it is directly effected
to the ecological change and fishery management.
O Providing of the more accurate and practical coastal information, especially air
and water temperatures, can be widely used to the marine leisure industry.
(3) Social and cultural aspect
O It is highly required as the basic data (data-infra.) for the long-term

policy-making of the coastal tourism, leisure-sports, and so on.

II. Contents and scopes of research

O Time-series modeling considering the every parameter’s interaction related to
the heat budget analysis in the air-sea interface.

O Development and application of the reconstruction method on the reliable
complete data through the outlier detection/remova and missing imputation (filling—in)
using the multi-variate time-series modeling.

O Long-term (140 years) time-series water temperature data reconstruction using
the air-water temperatures relationship model and available monitoring data in the

coastal seas.

IV. Research outcome

- Development and application of the outlier detection method using the
residual (detailed) components of the coastal monitoring data

- Development and application of the missing imputation (filling-in) using the
statistical information of the residual components of the coastal monitoring data.

- Published article : Hong-Yeon Cho, Jihee Oh, Kyeongok Kim, and Jae-Seol, Shim,
2013. 4. Outlier detection and missing data filling methods for coastal water
temperature data, Journal of Coastal Research, Special Issue, No. 65, pp.1898-1903.)

- Reconstruction of the 140 years (1961-2100) complete coastal air and water
temperatures data set.

-~ Submitted articles : Khil-Ha Lee, Hong-Yeon Cho, Projection of Climate-Induced
Future Water Temperature for Aquatic Environment, J. of Environmental Engineering,
ASCE.

V. Plans of applying research outcome
O It can be used in the coastal environmental and/or ecological fields due to the

climate change. It is possible to expand the national projects because the complete



coastal data set can be widely used to the coastal research fields.
O The KIOST become a leading group of the coastal environmental/ecological

research fields as the data—hub center in the era of the big-data.

Keywords :

<FE> AAIGRADY, g7]-sFAA, o)A s, AFT ARRE, 4 AR

<% > time-series modeling, air-sea interface, outlier, missing imputation, complete
data
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Development of an Air-Water Temperature Relationship
Model to Predict Climate-Induced Future Water
Temperature in Estuaries

Hong-Yeon Cho' and Khil-Ha Lea®

Abstract: To predict climaie-indoced change in aquatic environments, i & necesary © understand the therms] eonsiraing of varoos fish
species and 1o understand the tming of cument snd projected coss] lempersnmes. This paper pressms 3 newly developed model of the

melstoamivip between air and water temperanrne that wes oo el

the basis of b ic analysie. The modiel i nove] becauses it raquines

wmly & single variable (ar Emperaine) W predict water empersiire and cxplunes the hygensis parems of the midng and fallng linbs and
iheir hdsonic memories. The model was calibrated and validsted with dats collected from monitoning buoys in Mikaws Bay, Japan hetween
ANS and 2004, The model validhtion showed 3 good performance with a nool mesn squarsd emmor (RMSE) in the range of 0.8=100C Iiis
especially encoursping tha the augpesiod model can predict water temperamse with 3 ressomble level of secursey once an socepishle

relatombip between air md waer has heen s from prevowly messuned dam DOT: 10,1061/
AASCEIEE190-TR70 N9, © 2012 American Society of Civd Engineers

CE D subject gs: T: effecs; Water

Buthor key Ak Waker

Climasie change; Hysteneai; Bomnies,

Chimste change; Harmonde anslyds Hydeneds,

Introduction

Cosutal baye and esmaries sl &5 tmsition Tones between upland
sreams, and cossial oceans are imporan nrseries and feeding
groonds for a large nomber of marine species (Stuyl of al
4 Bilgli et al 20050 It & imporiant o understond how waies
temperanire affects the dimolved ocygen (DO level in esmarine
habins, Sstursted DO levels are lwes af higher waler fempens-
e, which womlly oocor durng the summer (Lee snd Lwira
Ay, Crideally low DO levels were necently obsrved in swme
exmiaries and bays and place certain apecies ot risk. Water emper-
shire vaned with sl temperane, and both have sesonal and
diurnal puitems

alao coditrols the rates at which chemical resctiond
and Hological processes (mich =8 metaheliim and growth) iske
pace. Te and salinity varistions cormbine 10 determi

of metabolic and reproductive activite: and determines whether
figh species can swrvive (Murphy 20490, It is an essential factor
that st be onsddered i any sndy mveldng heal hudget com-
muisihon in semlenclosed bays, shallow estuarine zones, and mar-
ginal sess (Ha 1988)
Anthropogenic global warming will mflence the chermal dym-
mies of squatic envirenments, and elimsie changes may impact the
organdsms living in thoss aqualic envrmmens [Schirmer and
Schuchandt 2001 Struyf e al 2004; Intergovernmentsl Panel on
Climate Change (TPOC) 2007; Tibby and Tiller 20607) To project
aquatic hahitst changes under funume ¢ imste change condithoms, itis
Gy ! d the the el i L SIEETE
spocies and o predict e dming of changet in covent snd pro-
Jeciad dnkod stresm and esmcne e mperaioed. However, & lack
of availahle daia often Bmits our shility o estimate long-term waler
varistion,

the density of sea waiker, and tis demsity greaily influences vereal
wakr movemeni with consequent changes in chenrical sand biokegi-
cal processes within (he water colunn and the surface e dment
layer (Lalli and Pasone 1997, Waker empersture panly deer-
imines the soncentration of dissolved gased in sea water; thets gases
include cxygen and carbon dioxide, which ane profoundly linked
with beologicsl procesmes. Temperatune i3 als one of the momt
impontant a-biote facwrs influencing the distdbudon of marine
dpecied (Lalk and Pareom 1907, Temperanie omirol the mte

'KORDI, 170 Saldong. Sangrk.gu. Amand, Kymgpida,
36744, 8. Koven. B-msil; hycho@kord = kr

*(vil Bngmeering , Daega Univ, (DU}, Allyang Gyeong san, Gy ennghuk
TIZ-T14, 5 Korem ing anther) Eemail: k S

Yome. This mamnerip was sshmited on Febraary 15, 2011; appmved
on Seqtember 27, 2} 1 poblished ooline on Sepeemher 36, 2011 Discs-
siom period open ol Octoher 1, 2042; sparue discussdons ma s be mb.
mited for indvidml ppen_ This pper i pat of fe Journal
Envimamenial Engineering, Vol 138, Mo, 5, May 1, 2012 ©ASCE,
BN (073 383727001 2557057 182500

In response w0 o bulldop of greenbouse gaies, the effed of sr
Empersne on wak s lemperatune b been observed. Some effons
have alresdy been made & ikl 2 model of sie-water & mperatne
rebaticnship m an inland sineon (Mohsend ef al. 1998, 1999, 200,
Mohsend snd Stefan 1900 Mom] o sl 2008 Cho e &l 007 Lea
007y In fact, a compleie hest iamafer equaton and numerical
models for S sir-water intesface have been developed o edimate
walker temperature i 8 funofon of climae vadables (5efan and
Siockeod 1003, However, these squstions snd model sequire
large daia sets, including infonmation shoot solar mxdistion o sun-
Hghi time, rainfsll and sowfsll, wind velocity snd diteedon,
tumidity, air pressure, wpegraghy, abiude and longiude, and
the air and water temperstures of the shmulaion sea. Althoogh
thesie mechant an-baved models may be mone sconrate than siatis-
deal models, the sccorsey of he dmlston resnls depends highly
in inpan dats conditions and the dition of the dete ingul
data sed for the model rim, both of which are ranely atsfacony.
Becae of the complecity of the complate hest iransfer aquation,
simple regressdon methods Jeg. 2 simple linesr regresiion model
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Eismivacid 11 g SUTY 55 147 M SE24E ncSuictaion audipes s ASCE brmrvas £ SStarighil Vi s oiwe sy 0

ir the rionfinesr S-dhape curve (opgitic) model] were the dominant
method of relating-sir 10 wiater in siream!
tilatidl sream waker souros (Mobsend et &l 1998, Mohsend and
Stefan 1999 Morril et al. 2006 Benyshya et al. 2007).
Hioweves, most smidied sseking 1oestimale waler lemperstures in
ey snd eonaal s s lmed ecsue of nsufficen coninums
imonitoing dats. The varations between sir snd surfacs waler sim-
peramizes in inlamd tream and cosstl areas, however, do have very

smilar patiems on the whole (Knass 1978; Bemer and Bemer
1987). This smdy draws o previows resesrch on inland sreams
o predenit & newly developad model of he slr-waler &mperaiue
relatiombip for cosnl and etusdne environmens. The modsl
Ees 3 dmple repreidon approach and i3 basd o the

TG T L Wi 147 20 T4
- —

methad of hammonie malysis, Dag colleced fron mondoring
Tepoys in e Mikawa Bay m Japan berween 2005 axd 2000 were
eed (o calibeate and validaie the new model The resulis were
hien compured with the ervor bonnds for 2 € mple lineas nepredsion
el

Materiale

Data Used for the Study

The Empersture dais used for fis sudy were reconbed between
July 2008 and June 2009, (48 months) and consiss of | A61 came-
fully screened dadly values The air and waler temperature data
wiere provvddied by the Fshery Experiment Ststion, Aichi Prefectin,
Japan (20149, Seomdary sir tengesatune dats (ncluded B enswe
an accurse amlyss) was provided by the Japmn Meosological
Agency (JMA 20700, A summary of the ste information, including
e mesn, i and min: al each sstion
s in this investigation, & prezenied in Table 1. The messored
astions mre dhown in Fig. 1,

The smdy siles were sekeciad on the bass of dan A

50 a5
L
LRy | s i WEY
P T
{1k Foginsarla ﬁr'MN:'?'la e
SR . Eig
' 5 Ml
Ty e . '_;1&"?‘
astan E " =" R avan
e Guv 7. 'JLBH_E
A i Mk
S i T Tucifiz Dvun
. vy
las'srIaTEe lTir W@rEr araw

Fig. 1. Location af the Cioastal Moritoring Buoy and Irago Weather
Manitoring Station (IMA) in Mikawa Bay {lse Bay) (Buoy 1: 3584
3%"N, 1371 T13" E. depth = 101 m; Buay 2 384441°N, 3T E,
deph = 100 m; Baay 3 390307 N, 1379547 E deph= 137 m;
Irgn IMA. Swdion: 33742° N, 137536 E, elevation: +6.2 m)

Preliminary Study

A preliminsry smdy was indentaken b observe the peoeral chas.
acteritics andfor sestinal patiem of the air and water Empershire,
In paricul Lt 1500 of the sir recinded
Iy the three buoys and the IMA station wis perforined 1 ensue
data reltahilay. Fig. 2 presents & scafter plot of the sir & mperatin:
et s tecodiled by Booy | snd the IMA gstion sad shows
that the coefficient of determmation wad spprodd mately .99, This
finding implis hat the ar temper i mesiannend fom bab
relishle and {nerchangeshls iosome exient. As Fig. 2 shows, there
were g noticeshle outliers A tompersture dats was frequently
misng for varous nessond mnd had 1o be etimsted by nedghbor
s o extrapolation.

andd relishility. If no daily obeervations were svailable, valies were
edtimated by wing the schasic Inear regresion and Bayesian
methads (Alsike 190 Swuki et ol 205). The megmred data
e Lhen checked for iniegrity, quality, s ressonshleness. The
dats quality and integrty check were complerd for all loeations
and wene then followed by informaton from precedent gudes
(Linde and Rubin 2002; Barnet and Lewis 1984),

Fig 3 et conse of dats fior Buoy L
The emperaiire dais show an annual paiter of var stion and ther-
tial sirst ficstion between the surface and bottom temperstune: are
evident The dats aldo spges tat there is 2 Gme by betwesn
changes in the sir and water femperatunst, butl this me bg s
oot clesrdy shown in Fig 3. The tme lag {3 the delayed seaponse
of waler lemp o it changes atwribited 1o the
thermal nertta of waier, and i 44 & function of the aversge water

Tabie 1. Rasc Sassical Infommson sbout the IMA and Baoy Meniodng Des

Suadad Maximmm ‘Misiem Number of the

hems Men deviation tamperaime empeamz miwing dsa
AT {BdA Tagn) 1634 768 W6 as 3
Baay | AT 16.68 771 W3 16 13
Sarface WT 16.94 737 29 a3 26
Botiom WT' 1553 609 89 43 45
Baay 2 AT 1634 7467 29 14 13
Sarface WT' 1730 693 T 51 13
Batiom WT 16538 579 %7 54 13
Baay 3 AT 1645 754 27 14 &
Sarface WT 1685 877 23 53 6
Batiom WT' 1624 571 56 55 a7

Nove: These valwes wer calibrawed from das mllecied hetween Saly 2005 and Fme 2009 {0ta] dasa smmbers = | 461 |; relagivedy fitfle dats was missing (less
gun 5% AT denoten air temperatare ("0) and WT demotes warer smperanme ('T).
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Alr Termper stune a Buoy-1 (")

L) 15 20
Air Temparaturs at JMA [°C)
Flg-2. A scaner plot of fhe air smpenstre dats recorded by buoys and
e IMA, stations

depth. Hence, thme g may need i be incorporated int the regres-
don malyss for & cean time scxk (eg. daily) (Stefan and
Preud'Homme 1993: Molsen and Stefan 1999).

To aentify the tme-memory (or hittory) of the reltioahip
letween air lemperature and waler lemperalie, an ailocomelsltin
analysds was performed, and the comesponiding resulis are shownin
Fg 4. However, the sucomelation coefficent shows a dowly
decremsing trend =5 the Ume lag noesses which imphes that the
memary effect & not negligille, Accordmgly the memory effects
should be included in the model srictire in 3 sultshle mannes.

In s by and estuary, several faciors may infloence e relstion-
ship hetwieen it md waler st farior inc hud
e, cummen ke ane, e-waker inerface, and heat exchange.
The sw-waler lemperstore nelstiomhip may hawe a wasonal

Iysereds with & ristng and 2 falling limb Fg 5 dhiws 2 scaner
plod of water temperatre agsinat air temperature af Buoy | station
There & a noticeshle hysereis patirnin he air-waler Empersioe
iy The steting point of the anmal cyele {8 m the boton-left,
and the oy le moves canerclockwise,

Theoretical Background

Hamonic Analysis

Firt, aregression curve was independently comtmcid i have the
heat fit for both the sir and water temperanme dsts and (o meet the
fodlowing condition:

N
0=Minf 3} J7:0)~Tolu)F | m

whese 7= etfmated emperstue; mnd T, = abderved Emperature,
The regreddon curve condds of & sunmoetion of the harmonic
functions that have different frequency erms

Tolt) =Teln) + elu)

a @)
Tolt) = A+ 3 Mo cosfiot] + B, sinfug)]

whese A, = mean values of the time-senes dat (ug); A, and B, =
harmonie coefficienis of he onder m M = masimom order of the
fraquency function i the hamonic anslysk: £, = residusl Bm
(it termal; ¥ = number of days per year (365 in 2 commm year
and 366 in & keap vear; 36525 days were nsed for more than 1 year):
and T{1) = emperatore data of fe A day, which are composed of
T4, Ty Ty datn in vehiich A {5 the total number of measemants
for N days.
The frequenc y function can dien be expreed s follows:

= demf¥ {3)

where m = the onder of the barmosde anslyss, and the optimal order
(mudel selection) can be determinad from Akaile's Information
Crierdon (AIC) valies (Kitsgawa AM05), The nmliiyesr (n-year)
perodie fonction [eg . 2omf{n)]] could be included with exse

PR

Tomporatures ")
i P
o LN

I
2ol 200000

20T

Day of Year

Fg 3 A ime coune of the emperature dats for Booy | stafion
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g 5. A scatter plot of weskdy mean waker emperature dginst weekly
e i showing i ir-water
Emperature daia

tn the hamunic mmalyss to incomporste long-lenn frequencies
aver | year

The harmonic coefficients with order M are estimaied o aich 2
way thal the diffarence between the me-series for mestired and
imodelad kmpersine 15 minimized In general, the oplimal onder
of air emperamiee Wi higher than that of waier emperamre fior
the sy s Table 2 shows e malyses of amplimde md the
phase of the hamonic componerts 22 a function of order The
wmplitnde ragddly dectesiad until the order of 3-5 and sowly de-
creied after thar podnt &8 hamonde order ingreassed. The optimal
arder for the regresaion curve wid determined on the has of the
owest AIC valies toat are widely used &5 model selection oritenia
{Eitapawa 2006),

Faw dats with no harmonie analysis has 2 bigher fluctuation,
ond the dats may make it dffienln o malyze overall venaton
mcluding pesk Gme, pradient, and time lag. Hemonle anslyds
5 o dats smoathing process and terefore, males an malysi of
the overall variation eader,

Air-Water Temperaiure Relstionship
The independent reresin cores for sir and waier &

Hence, it 14 dedrable © eatshlidh o function-fype relationship
et the alr and waler lmperanine dats,

As mentioned previondy, s aw-waker relationship can
ahow hysteresit in the raing and falling Bmbe Fig. § presents
scalter plots that shisws & hysteness loop beiween air and waler
emperature ditn for each buoy, Hence, 2 single valied rela-
tonship could not he realisde and sufficient regandles of
ils nonlmeanty (Lapshin 1995 Cruz-Hemandez snd Haywan
20 ),

To reflect the hysiress efec in e model, the follvwing
purametic fomm was introduced = pant of i andy:

[ (T2 = [Faledfo )] = [HAL), HW(] (4)

where f () and £ (1) = bead-fitting functions (harmondc function of
order M in this study ) of the air and wa by tompersiie dais negec-
tvely. The harmonic functions HA(r) and H W(1) can be expresiad
& follows:

o
HAY) —pf = ZHL‘AEMWJ +84lgaluat)]  (5)

L
HW()— 1, =3 EWE cos{ir) + SWEsinfu)]  (8)

whesre pu and pgy = mean dr and waler Emperalined, repectively;
4, and 54 = amplinude of the harmonc finction of order m on
ar emperane; od CW, and W, = amplinde of $e hamonic
function of order m on water temperamune, The superseript C de-
it the calibrsiion st

The ramelre form i Ege (5) and {8) 15 sdvaitagecis o
comsineting o varely of different chapes becande the onder of
the harmonic function contols the loop hape. The simplest shagpe
18 the elBpse-type loop with Onder 1 (s2e Fig. 6) and the loop shape
i usually more complex s (he onder oresses Onder () denoles
the centér podnt of the loop that coresponds 1o the location of the
mesn valies.

‘The primary goal of this smdy was 1o estimale waler lempers-
e (inknown) by wiing ar temperatune (known ). However, fulwre
wter 1 s estimated from fumee sir temperamre dertved

dats do not provide any reladomship between the o varables

from the scemari- baed chmate model, and no field recond of
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Table 2. Amglimde md Puse of the Hamanic Components 25 2 Fancsm of Oxler

IMA Baoy 1 Baay 2 Baay 3
Order AT AT SWT BWT AT SWT BWT AT SWT BWT
Anpimde () a 1645 16.46 16,58 1577 1631 1730 16.47 1653 1701 1638
1 1048 1045 0.2 B3 0¥ a5 T.E: 1018 925 )
2 1% 085 0.55 L7 035 05 152 077 L] 17
3 035 015 o1 a47 a3l T a5 0 au o4l
4 a6 023 (i1 [i8T1 a 025 017 024 0.2 a4
5 013 0.16 0.14 [iRE] 0 o 016 013 ol a7
] arr 020 [ 7] e Qis @iz 15) all au
7 iz 0.1z 0.6 0106 a1 s (811 0.08 (8T (LB}
] iz 0.15 [ 1] 006 [i8E] 0m ] 0.6 iz 0
9 [FE] 018 015 018 018 o4 012 015 als e
10 [3E] a7 0.08 005 80 008 o 0.6 0.06 005
Phase (days ) a - —_ - —_ - - — - — -
1 3330 MM 2R 5008 66 5104 HAE 4700 240
2 ~1082 —6.36 1027 032 1073 2065 -3.12 1873 7346
3 ~1388 1347 L1 -2835 —am M8 1313 -0 2830
] ~331 oAz 112 -1325 L] ~21.76 -85 754 AES
5 108 6.3 452 - -18 ix .76 L7 il
[ ~175 0.7 -1.92 1458 ~531 132 -195 036 9.52
7 -036 419 1011 T 1062 3] 550 1257 1047
8 ~108% 9.75 826 -1 -T2 ~R74 -9.41 347 643
9 ~243 -3.47 25 541 20 452 ~2.48 176 i
1o 4B s B3 850 i) 495 —5.17 33l TES -0.73

Nore: AT, 5WT, and BWT indicas the air, srboe, and hotom waer iemperatwss, rspecsively; amder “07 ndicues the mean valoe.

waler temperature for the fome was svallable, It wet, thereforne,
impossble i derive any harmonic coe ficens of waler tenpera-
e for e By, (&) in reality, Thenfore, the suggested spproach is
bassd on the sssmpion thar the mbo mdlor difference of the

harmonle ook fRcdent between the air snd waler lemperstune
remain cometant in the foure Bventually Ege. (5) and {6) wene
combined to offer the following relationship betwesn the wo
lemperaie <

an

£

Suriace wake rmpa raum | C)
= &

& ]

Bottom water temperatuns [C)
=

|IG IIE ZID 26 0
Air temperaturs {"C)
Fig. & The simplest dhage of &e

; ; ; ; ;
& 10 18 _ & an
A temperature [ C)

elliie-type loop with Order 1
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o
HAl) - pf = ¥ [CALeosfugt) + AL sinfu i)

=1

o
HW () — rpf = E[cr_{_'a,‘;ma{uu] +or Al smn(w )] o
L ]

o
HW(r) = dupf = ﬂm_m:m:um + bl sinfun)]| (7]

where m = 1 cra = CWESCAS; sra= SWE/SAS [sub-
equeitly called r, (mtolype) dy=pf —pf: al, = CWE—
CAL: s, = SWE — SAL [eubsequently called o, {differenceptype];
i subseriptm = onder of the harmonie function. The siperserip V
denoites the vabidstion stage. The parametens CA. and $A. afesep-
araely determined from the obierved dats 25 in e validstion and
calibwstion stages, and dhere are different values for die validstion
anid calibration stnges unles otherwise saed

Results

The data were divided o two grougps: dein from Joly 2005 (o June
N7 (24 montha ) wene usad for calibration, dats from July 2007 o
June 2009 (24 montin) were usad for vabidstion. n panticulsr, the
tme bag was invedtigated. Time lags between air and surface war
e peraires changes e much larger in e falling limb, wherss
time laps betwesn sorface and bofiom waer temperstures changes
ane much larger in the fsing limb, The time [as bawemn airface
il botim waker Emperalired changes were more han 30 days
Resulis also indicaied ihat most of the hesi irmsferred from ihe
arface wat el o hulld Semmal srmtifcation durdng the wam
EEAHL

Table 3. Compasison of RMSE ("7} for the fnewrregression model and the
sagpevied model

Calibratinn sage Valicaiion sizgge
Booy mumber  Tiems LEM HIM LEM HIM-D HLME

Booy | AT=SWT 500 0972 1415 0837 08
AT—-BWT 2062 08T 183 08% 148
Baay 2 AT—SWT 482 08X |360 082 08
AT—-BWT 196 08M 1765 083 1240
Baay 3 ATSWT 1532 0847 1557 0860 0O

AT--BWT 1903 QX7 17% 078 Ll
Wiome: AT, SWT, and BWT mdicste the air, mrface, and hosnm waer
emperatmes, resectvely; LRM and HLM indicats fe Gnear regression
meshod and the hysteresis Joop model, respeciively; [ and B refr o
e differace- 2nd mio-iype mathod, rspectively.

Cafbration of the Suggested Model

To quantify the efficiency of fit, root mean squared eror (RMSE)
wt applied = follows:

#)

whene N = mimber of toa] dats pomis. Fig. 7 presents 8 seatter phad
of waler (emperaiure 58 extimaied by the sipgested spproach in
compateon with fiekl observation. A relive comparisn of the
aigpeded approach was made spaind 2 dmple lnesr represdon
Tishie 3 ahomws the basic stagiatics for he two methods, The RMSE
for the suppestod method was in the rmge of 0.79-097, wheres
st for the Bnesr regre sion method wa in the mange of 1.42-2.06
The suggested approach dhowed betesr performunce, and the
RMSE for the new meithod was approximaiely 5% les at 3°C

20|

=]

g
]
E
_g‘s
H
g
B
<
o

Eicktorn wate r ternpirsture (*C)

Alr iEmperatue °C)

Fig: 7. A scater plot of waler empenture estinnied by the sggessd approach against feld olweration: calibrtion procsss
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Validation of the Suggested Model

The hamonie coefficknts dedved from he calibrstion process
were tead o validse he ippeded model. These results s shown
in Table 3 and Fig. § (air emperamse versus surface waler emper-
atire; s air temperamire versu btk waler emperatee), The
RMSE of the o Aype {r-type) wasin the mnge of .788-0937
(0T62-1 A8, whiensss thatof the linesr model wasin the rnge of
13601838, Both the rAype and o type model showed beter
performance than did the linsar regresiion model However, be-
mween the two sngpested models, the d_-type model showed betier
CUrACY.

Summary and Conclusions

This smdy prisenis 3 newly developed model of the relatinadip
hetween ar and water femperamne. The mggesied model, btk
ot the hisis of hanmonic malyds, 5 novel becsmse i mguires only
o dingle variable (air temperatore) 21 an gl i project waler -
peramre, The modelcaprures the hyseness patiem of the fomg and
falling Bt anal thedr hisione memonies As 3 nesalt of mislel val-
idation, RMSE wat in the sange of 0.8-1.0°C. Thesefore, the new
model can reproduce vaksr tempersiute o2 imations with a reson-
able socursy.

The previous results aiggest thal ghe shility to sccurately esti-
ifuale Ve lempreratine partly depends onthe n of exiging data o
il an secepiable relationdip between air and waier lenpera-
e Ty some extent, the ennor nuy be diffeent for every locstion
of interea, bat the method used in this smdy should work univer-
ally. This more reslste deseription of he =
relafiomhip 1 highly desirsble and e method sugpeaead in this
audy could be usad 1o deserbe the sr-water emperane nelation-
ship in an nlend sneam.
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Outlier detartion and nrissing data filling (imputation) processes are essential firt st in the statistical analysis of

coastal data. Here, we supgest methods far these key processes. An qurfisr detection methid thar

of the time-seriss data is hy

mlhemlmimdm 'mmsedlnliylmwlmml mnpmre EEHM
(Mationa] Ficheries Fecearch Instifiste). hﬂﬂeﬂns!s.hdmnf 'l'uq-b]gut
M@GSE“N Imﬁ”ﬂmm:lsutvmhﬂnsmbd

outliers and

missing data. To test the model

mmu@muammmm

Trom the HYCOM (Hytrid Coordirate Ocean Model). mmmmmw«mmm
for filling in missng data in coastal water tamperane damses

oo mathod, gppreTimation and gt (recdu) 2

INTRODUCTION

As an i variable for climate change,
:mmmm(cwnmmmmmm
Tuumﬂurﬂmmhpsmgmwummm

and climate change, Jong-ferm data must be analyzed Recendly, a
\utynfmaﬂobsa:ﬂhnmaldahhawhmmlhcﬁeddmw
recent by wechoolozy  adv However, the
xmm.fnmmmmmﬂnmmmmm
Information Poor) phenomenon. Thus, mformaton evtraction by
comprehensive and systematic data analysiz has been limited Ome
hmmgﬁmuhehmmntwﬂusmimmgdmﬂns

a5 these data mchds many outliers, which nnmmdhqmn!}'m

DOE 10,211 23185-321 | recetved 07 December 2012 asceped 06
March 2044
& Coastal Edecation & Rassarch Foundation 2013

coastal monitering projects. Researchers mst make judsments on
these outliers hased on their own experiences and the
characteristics of the data; as a result, the outlier detection-
mdymmnguﬂmmgmﬂmnmwm
reproducible resais.

In this srady, we sugzest 2 method for detecting outliers and for
amalysis

z-score method is applied o the residual component to detect dam
autliers. 4fter removing the outiers. the mizsing or removed data
are filled in. As an exampls of envirommental monitoring dam, this
method was applisd to coastal water temperiure. We used hourly
coastal water iemperature data that were provided by the NFRDL
{Mational Fisheries Research & Development Institute). In these
darasets, the dataser of the Yeonz-Deok (hereafter
YD, 3638 "N, 12040 "E) station, Knren, is anly uzed for thic
method apphicaton, which containe some outliers and missing
mmwmﬂmmhadﬂym&g
dataset from the HYCOOM (HYbrid Coordinate Ocean Modal).

THE DEFINITION OF OUTLIER
Oratliers are defined as mnconsistent or distinctly different dam
{(Bamett and Lewis, 1004; Hair T o ai. 2010) with unusually
small or large and exmeme vahes (Agresti and Franklin,d 2007;

Tounal of Coastal Research, Special Iszae No. 65, 2013
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Marfinez and Martiner, 2005). Thus, dafa omst be quantitatnely
preteviewed because oufiiers can skew statistical resuiis. In
addition, oufliers are comsidered as incomect or umique datn
Fodgment is required to determine whether data are inromrect ar

stacistical analysis, which i accomplished by Sagging the uniqua
datn.

Cooversely, along with the Inmsstic definition, specific
statistical criteria for qutliers have baan suzzected. The mast basic
definition. assuming a nommal or amy standard
mhﬁshauaﬁmmmd&emn(m}mﬂmdmﬁdmmm
(SD). For example, Hair of af .(2010) separately defined outliers
tased on the pumber of samples A smell mumber of samples
comesponded o B0 samples or fewer, and a largs mumber of
samples comesponded to more than 80 samples. The definition is

a5 follows:

= Small sample: outside the ars of m* 2.5(50) and
= Large sample: outside the area of m= 400300 -

Grubbs (1950) and Dixon er al (1950) suggested that satistical
criferia should mohide the confidence level o deted outliers.
These cyiteria are based oo the concept that data that &1 outside of
a limit range around the averaze are oufliers The Grobbs outlisr
detertion method wses the ESD (Extreme Studemtized Deviats,
Mas{{x - ¥)/z,|): ¥, = mean and sundand deviation of % )
and the Dizon method uses the computed percentaze for the entirs
mferval by sorting the dam. The modified z-score method uses the
MAD (Median Absolute Deviation about the median, ¥ ) mther
than the standard deviation Thus, the z-score caloalation
(7=(x —%£)/z,) becomes :-0.6745(x —£)/ MAD . The daa
are regarded as outhiers i the shsokute vahes of the data z-score
are greater than 3.5 in ths study.

METHODS

Cruthier Detection
Outlier detection and treatment techmigues are as variable as
data types. Various authier detertion methods are used in a varsty
of fields (Choy, 2001; Lm et al, 2004). However, nearly every
methed iz anly applicable to mdependent data that follow a normal
distriution. Previous studies have suggested diverse aiteria for
outlier detection. To use these previoos criteria, we divided the
mms'mmmmmmmmm
the (mends) and the demiled
components {Tesiduals). mmmwmma
time-series model, such 25 the ARMA mode]l However, an outlier
detection technique that uses residuals will provide a systematic
wnadlmﬂupanﬂ'lﬁemﬂﬂmmgammymms

model sarup.

mmmmmmmmwgm
monitering dai inte approsimatons and residuals. Newt, this
method detecs outhiers by applying the modified z-score method
to the residual data (Cho and Ok, 2012). Other methods were used
hdmmmﬂmhnﬂlﬁerslﬂﬁmls:smsmmm
specified criteria that define the outliers are more sensitive (Cha
and Oh, 3012). Thus. the two following steps were used to detact
outliers

= Swp L Du:onmmuu of approximations and residuals
(smoothing process). Research reparding the remowval of
outliers from the fme series data is conducted. Howeves,
mmmmmmmm
betwesn the momitoring data. Various outlier defection

meﬂmdsﬂncmhzimhadmﬁemﬂmnﬂwmmﬂy
and identically mmly

mMmmmmmhﬂDm

dis were decomposed into approcimate and residual

perodic
companents (Emery and Thomson, 304 Hermance 1007.
m.ﬁl&.}ﬂu Cha e al., 2010). msmaﬂmdaus:ﬁilﬁ(

mﬂmulngncalwnb&smssmlsmﬂmm
penindic varations with no tidal effects. In the present smdy,
harmonic anatysis was used coastl water temperature daa
such as moving average or kemel smoothing methods,
regTession can be used 0 ob@;n i approximation conpenest
ofthe data.

= Step I Detection and removal of cutliers for the residual

Imputation of Mizsing Data

In addition to outhiers, missing data also causes bisses regarding
mmmmmmmnmm There are many
methods for filling in missing in different felds (Thanez and
Conversi, 2002 Oba et al, }003: Sehzal eral, 2005). Several of
Mmhncﬁuem:apphnblemmmlﬁnsufdmm

periods of time (Twisk and de Veme, 200I). Miost statistical
pﬂgﬁmoﬂvw]ﬂhtmplﬁedmmmtmmg
data. To overcoms this requirement, methods for dam patation
have been developed
Asmuﬁljmmmnd.hmmmcmﬂymﬁamdiﬂnmﬂnd
for estimating data with apmuml, ssasomal or lower pemiodic
variations. In this shady, the missing data were filled i by using
harmoeic anatysis and andom mimber generation nsing the mesn
and 5D of the residial components. The fallowing steps were usad
0 reconstract the data:
= Step 1 Decomposition of the data into approvimations and
residials (smoothing process). The approsimation is the long-
term mend of the time seres. In comtrast, the residual or
dmﬂmpmmhshm{mmlnﬁmmp

= Step 1 Rmmmmmofmmn(mpmmpmcus) We
abiamed the apy and resicual from the
first step. The approwimation: component was wsed as the main
value, and the residual compopent was used as a moise
compansnt. The nodse component is 3 nermal distribution with
2 mean of zero. In addttion the residnal component is
noreally distriated and & used as a noise component Affer
calmulating the mean and the siamdard deviations of the
resithal companent. a andom mimber was penerated from the
mean and standand deviation NWext the mm of the
approximation and the noise (detmiled) components were wsed
o fill in the missing data. This method was used o reconsimact
the data.
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RESULTS

Application to the Monitoring Drata
The NFEDI (Mational Fisheries Fesearrh & Development
Trstitnee) builds and operates an momatic ohservation system thar
midsmﬂmmmmﬂmﬁmmmﬁnm
dissolved oxygen concentration, et}
mlmu}mlmﬂummm
data in YD station were used These dam cover a relatively long
time-zeripz (Diac. 2005 - Dec. 2011} The monimrng data were
providad every 30 mimmtes or every kour. The outliers and missing
daty differed substamtially depending on the location and
The data dowrloaded fom the NFRDI sife were available as
mw data. In addition, we followed the procedures described in the
pwmmmh&ﬁmmﬂrmdahmdemmmd
and residual

by harmosic analysis
(Bﬂ.) mmwﬁm-ﬁllwgm:&m
period.  Thus, the conmpenents inclnded § year and 173-year

COMPONENS.

Figure 2 shows the approximation and residual componsrts
The upper panel shows the mw (white crcles) and HA dat
(d.asbdllm}. Themprmmmmpnumwlulﬂmb'

residual

3.18=10", almost zero with a standani dewviation of 1.91. The
standard deviation changed to 1.33 afier outlier removal This
result shows that the relabive agrees relatively well with the
pormal distribution,

The next step was the detection and removal of outliers from the
residual component The residnal componsnt follows a normal
distritntion; thus the medified z-score method was applied fo
detact the outliers. The detected outiiers can be cbserved in the
origiml dat (a3 shown in Figure 4). The confidence level was
5%,

Lanituda [Ny

Lesngituicks {E)

Fizure 1. Locations of the real-time moniforing systems for the
in this shady; coastiine revised from the Warld Vector Shareime
(desizmed for 1:250,000) data availsble through the TS,
Natiomal Geoplrysical Data Centrs).

e

|
|
s

T

Figlell'h!miughﬂlhm&ﬂ.wm
components and residual companents in YD sation (3 Baw
CWT dam and approwimated components, (b)) Besidual
COmpOnEnis.

I-ﬁsmgannﬂmaldum‘.bm N(0.197%) and
N(O Ijiﬁﬁmngofﬂnmxbnlmmommm station.

Afier removing the the iom of data was
conducted. The first step was to perform HA on the data without
oudliers. To consider variations, the periodic compoment

inchided data from the G-year and 12-year compopsnts. The

Tournal of Coastal Reseanch, Special Iszae Mo. 63, 2013
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outliers were remeved from the data, so that the approximation
:Wbﬂmﬁﬂummm To fill i the missing data,
the app and detadled ¢ are needed Using the
mesn and standard deviation of the residusl withomt outliers,
random numbers were penerated for the detiled component To
ﬁ.ﬂuﬂ!mﬂngdm.ﬂumeimemmmmdmﬂui

Table 1. Basic stabistical mformation of the daf befrz and
a.ﬁuumrmalmﬂnmmmn«f&msmgm
(SD=standard deviation, MAD=median absohie deviation
about the median: R=residuals; md BOR. and AOR=befre and

data Table | commins the basic swristical
mformation of the data before and after the mutiier removal

of the new data (step 3) increased slighdly, whereas the smndard
deviation decreased becanse of the larpe nepative outlisrs.

Figure 4. Detected and removed ouiliers using the modified z-
acore in VI station.

B T LR O 1 I T I TE PR
[

Figure 5. Reconsmceed time series data in YT stafion.

¥ Geommyeok itoring data)
Diata type size mean 5D median MAD
e darta 4T A0 1545 450 1471 m
wpl(RBOR) 47460 000 181 025 13
sepl(RUACE) 49887 022 133 030 L
sop 3 51,078 1564 444 1453 i
Application to the Modeling Data

To validate the method, & was applied w0 the coastal water
dam This dataset was provided by the

which cam be

i

dovminaded from the hitpe/hycom org/
lb-analysiz (Chassiznet & al. 2009). The data collaction
are indicated in Figure 1.

approximately 345 N and 1378 "E. The data were collected
daily between Dec 2003 and ful 2012. To check the perfonmance,
snmepmnmsed'mm(l?_.mhu@mdnrhwwmptnm
portions and the ntermediate portion) were removed arbitrarily.
Nemt, the following processes were implemented.
Pmﬁl[i.]shwsihemmtatb\ﬂmﬂ y removed daia. The
remewed periods. inchuded are 1) 01 Nov. 204 — 31 Jan. 2005, 1)
01 Tal 2008 — 30 Sep. 2008, 3} 01 Mar. 2009 — 15 Mar. 2009, and
-!JOINWQDM 15 Mow. 3010
In addition, the periodic component of the HA was 18; tus, we
nusad a 9-year period. In Fizmre 6a, the approximation follows each
armual and senmi-anmual variation shown in Fizore 6 (a). Fizare 6
() sheors. the residual components of the data. Figure 7 shows the
and the momal distribation firing of the residual
components. The summer data i 2008 were removed Thus, the
peak of the approzimation & low. In this siep, it is nporiant i
follow the data trend to defect outliers. Thus, when conducting the
HA, the long-term periodic conponent should be comsidered.

Inﬂleru:mmnmm:t@ the periodic component of the HA
was 1B from 9 years w0 12 years. However, the long-term
dominant period was 2 years or more due to the missing data at
the peak The optimal lonz-term perind was closely related o the
length of the available data record and the relative intensities of
the imter-ammial and seasonal variations, Figure 8 shows the
residial compeonents before and after ouflier detaction:. Figurs 9
shows the anizmal and reconstacted data. Fizume 10 chows the
differences between the original dat (pot pantly removed dam)
and the reconstnacted dafa. These differences can be regarded of
the estimation emors of the missing data filling methods in this
study. The mean and standard dewviation of the erors are .32 and

mzmummmmmunfmm
before and affer outier removing oufliers and mmpuing the

nearly the same Thus, the reconstractsd data well azresd with the
W data

Toumal of Coastal Reseanch, Special Iszae Mo. 65, 2013
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Figure §. Time series plot of the raw dam, approximate and
mldu.ll:nnpmmsnfme]-HODMm (@) Baw and partly
reowved daf and approminaie compenents, (B Residual
COmpoREnts.

e

Figure 7. Hi and normal diswibution, N{-0.02.129%),
Emgnﬂ!rmdaualmmpnmts of the HYCOM dam

R ]

hoEES

1 C Bl S

) aEC F=rr swaa

[ B
s
e
iy
e,
-

W e

e
Santiady

Figure 9. Reconstructed HY COM time-series data
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Figure 10. Differences between the orgnal and the
reconstructed HYCOM daa.
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Tahlel Basic swtistical mformation of the data before and after

the median; B=residual; and BOR/AOR=before and after outlier
wiEmvals repectively),

w daz EA L] 1326 700 4l [}
mated dama bl g 1307 693 135 &n
wep2 (BBOR) 134 oM 13 s 104
wep? (RUAOR) 2838 001 130 003 104
stap 3 3,500 1335 6.99 141 &8
CONCLUDING REMARKS

InmsmﬂyanummmmmndM|mmMﬂr

i i :
mm.mmmﬁ(lﬂnmﬂmlmmmmgh
modified z-score, which is more robust to ouiliers. A ffer removing
the curliers, harmemic analysis was applied to the data withow

[=mperarara
provided by HYCOM. The outiers were saccesshilly removed
with this fechnique. In a companison of each MAD, median, the
cased hiases or skewmess in the stristical results. Therefore,
mmmmwhmmmm
comdneting statistical analysis. The HA or any other smoothing
methods shonld be robust and show the intrinsic data trend The
longer the messing data interval fhe larger the emors of the
estimated data. In case of the very long missing dam mterval, the
filling in miszing data should be conducted based on the physical-
‘hased modal not these kinds of statistical models.

From the “most Hkely” defection of sttistical sisnificance
missing data were successfully filled in for this stady. Thus, the
propesed methed is expected to yield high performance.
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To project the effects of climate-indured chenee on squatic emviromments, it is necessary to know the

thermal constrainis affecting different fish species and to scquire time series of the current and projected

water femp (WT). A regressi the WT af individusl stations and the smbient air

temperature (AT) st nearby weather stations conld represent the easiest practical method of estimating the

WT for an entite region. Assuming that the grid-aweraged observations of AT comespond to the AT

outpe from 3 General Circulation Mode] (GCH) simmlation, this smdy constmcted a regression curve

between the observations of the local WT and the conrmrment GCM-simmiated surface AT, minimizing the

difference between the tme seTies of the measured and modeled WT, which implicitly mclades

dowmnscaling to local conditiens. The repression mode] shows excellent performance in caphuring the WT

trend in responss o the AT of the GCM. The projected WT mmder the global wamming scenanio shows a

1.5~.2.5 °C imcrease for the period 2080-2100. The maximmmmminimmm WT shows an amoumnt of change

similar to that of the mean valnes. The results also predict that the WT will increase during most seasons.

by 2100 bt that onty minar changes will ocour during the summer,

CE Database subject headings: Water temperamre, Air temperature, Climate change GCM, Global
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Imtroduoction

Water temperature (hereafter abbreviated WT) is an impostant factor i the aquatic emvitonment Changes

in the WT resalt in chanmes in the ecosystem and in water quality, especizlly in the dissolved oxyzen

(DO) level, which affects the aquatic biota (Johmson, 1071; Mohseni et al, 1008; Mohseni and Stefon,

1900; Mohseni et al, 1999; Mohseni et al, 2002; Moril et al., 2005; Pilgrim and Stefan_ 1995; Stefan and

Singkrot, 1993; Smuyfet al, 2004; Webb, 1987). It is therefore important to understand how the WT

afferts the DO level in aquatic habitats. Owver the past century, the average zlobal air temperamre

(heseafter abbreviated AT) has moressed by 1 °C. Anthropoemic global warming has contimed and is

expectad to incresse by 1-3 °C by the middls to the end of the cenmry (IPCC, 2007). The effect of the AT

om the WT in response to the increase i sreenhonse gases has been noted, and efforis have been made to

build an AT-WT relationship besed on historical reconds.

In fact, 3 complete heat ransfer equation at the sir-water interfece may be inchaded for the estimation of

the WT as a fimction of climate varisbles (Stefan and Sinckrot, 1993). Due to the complexity of the

complete heat transfer iom, b -, simmple ion methods have primarily been uzed to relats

the AT to the WT (Mohseni et al , 1998; Mohseni and Stefan, 1099; Morril at al | 2005).
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The outputs of General Circulation Models {GCMs) serve to provide grid-scale projections of the AT,

The degree of confidence in the smmiations of esch model is based primarily on the assumptions and

parameterizations nsed in developing the model (Earl et al., 1990). The impact of climate change is

primarily imvolved with site-specific factors swch 35 water management. the squatic environment, the

ecosystem. public health. agnicultural produoction, disaster and coastal For this

reason, climate change needs to be mnderstood on 3 local or site-specific basis, and it s very difficalt o

estimate the impact of climate change on a local scale withont an sdequate means of relating GCM

climste vaniables fo the observed local climate variables.

Repressions between the WT at imdividna] ganging stations and the AT at nearby weather stations can

provide an easy practical method to relate the AT to the WT.

Several studies have shown the feasibility of linking large-scals spatial averages to local (station)

averages, and the AT fom a GCM can reproduce the observed regional and local AT (DeGaetano, 2001;

Karl et al., 1900; Oshima et al | 2002; Schubert, 1008; School and Pryor, 2001; Winkler etal | 1997).

In this stdy, we construct projections of the local WT from conourrent GCM simutations of the surface

AT. The projected WTs from three study sites are presented and discussed. The study could provide a

usefil relationship between the local climate and the permrbed simmlation in GCMs in fiaure spplications.
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Srudy region ond data weed for the soudy

The Eorean Penincnls has 3 moderate climate characterized by distinct wet and dry seasons. The dry

seasan coincides with the northeest wind, which is predominant from October to March The wet season

resuits from the southeast wind, which carmies modsture-iaden sir from the Pacific Ocean and lasts from

Mazy to October, providing 70 % of the anmnsl precipitation. July-Aunsnst is wsnally the wettest season.

Al three sites exhibit typical daily and iations in mod trends, with seasonal

maxima from May to October and minims from o April. ine sites show less

variahility in temperatare, with a divemsl temperatre range (DTE) of spproximately 7 °C.

Figure 1 shows the three smdy locations: Ansan Masan snd Nakdong (summary in Table 1). The AT-

WT data for the three sites are szmmltaneously collected by the Forea Ocean Research snd Development

Institote (KOFDI). These data were sgzregated info weekly averages from 5-min observations for the

smdy. The AT-WT data were collected using an 05-316 CTD sensor (Tdromawm 5.1, Milsno, Traly)

{approximately 1 m below the water surface for the WT and approimamely 2 m shove the water surface

for the AT). All three stations are within the vicinity of the coastal zones, and they can be affected by the

oCean to 3 certain extent. The Ansan station is in a closed area sTounded by 2 sea wall, but contact with

the ocean ocours on occasion, when the gate o the sea 15 open. The Masan station is semi-open to the

ocean and is panly exposed. The Nakdong station is complesely closed off by a sea wall, and there is no

contact with the orean becanse the sea wall prevents ocean imTusion
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In the aquatic emvironment of the upland stresm seversl factors may infleence the AT-WT relstionship:

the distance from the water source, shading, uman industrial nse, the inflow temperature, and the air-

water interface heat exchange (Mohsend et al , 1998; Mohseni and Stefan, 1909; Mohseni et al | 1900;

Mohseni et al, 2002; Mosil et al, 2005; Pilgrim and Stefin, 1905; Stefen and Sinckrot, 1993). Inan

estuarine environment, additional oceanic tidal effects may ocow with seasonal patterns. There is no

inflow info the station. The merhsnisms affecting the AT-WT relationship at the estuary are assumed o

be similar to these at the upland areas, but it will be shown that this assumption is generslly sstsfactory.

The area of the Korean Peninsuls is approximately 100,000 km', and & 2-3 ® GCM grid covers the entire

area. AT data from 25 stations (Table 2) collected by the Koren Meteorological Administration (EMA)

are used for the years 1991-2010, and their d values e dtobea for GCM-grid

valnes for this study. The messured data were checked for inteprity, quality, snd reasonablensss. The data

quueality and mtegrity check were completed for all locations snd were then followed by supplemented

information from previons stadies (Little & Rubin 2002; Bamett & Lewis, 1994).

Climate change scenaries and GCM daia

The GCM data nsed for the sdy are freely svailable {at hrp:fwwrw.ocoma be ecpr.ca), and the climate

model simmlation was obisined from the Canadian Centre for Climate Modeling and Ansly=iz (CCCma).
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The second-generation coupled global climste modal (CGCMY) of the OCCma was used to prodoce

ensemible climate change projections using the IPCC SRES A2 and B2 scenarios (IPCC, 2007). The

CGCAMD represents the net radistive effact of all greenhouse gases by means of an equivalent CO2

concenration. Both the 47 and B2 scenenos are based oo the observed zreenhouse gas (GHE) forcng

change from 1061 to 1990 provided by the Hadley Centre (hence, the data for 1961-1990 are idenrical for

both scenarios), and daily data for the years 1961-2100 are availsble A2 consists of data fom g 111-year

(1990-2100) ensemble simmulstion using the provisional IPCC SRES A2 GHG and serosol forcing

scenario, whereas B2 consists of data from a 111-year (1000-210:) ensemble simulstion using the

provisions] IPCC SREES B GHG and serosol forcing scenario. Briefly, the AT scensrio emvisions

population growth to be 15 billion by 2100 with rather slow economic and technological developmens,

whereas the B2 scenario envisions the population prowth to be 104 billion by the year 2100, with & more

rapidly evolving economy and a greater emphasis on emvirommental protection. Therefore, B2 is expected

o prodoce lower emissions and less fisture warming.

Much research has shown that & hinesr resression fimction is nsufficient to determine the WT year rommd

bacanse the AT-WT relationship does not usually remsin linear at the highest and lowest AT. A harmomic
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fimction has been sugpested a5 an aitemative (Cho and Lee, 2012). An sir-water relationship can show
Iysteresis in its rising and falling limbs. Hence, a single-valued relstionship cannot be realistic ar
sufficient regardless of its nonlinearity (Cho and Lee, 2012). To reflect the hysteresis effect in the modal,
the following parsmetric form was introduced as part of this stady:

[ Tuol=lrae. fool-[ma, B ], “
where f,(f)and f, () are the best-fitting functions (the harmonic fimction of order M in this study) of

the air and water temperamure data, respectively. The harmomic fimctions H4(f) and HF(f) canbe

expressed ac follows:
HA) - =3 {CAC cos(a, ) + 54 sin(, D)} ®
HF(W) -l =3 {CW cost, 1) + SWC sinla, 1}, ©

wheze g, and [f, denoie the mesn air and water remperanres, respectively; ©4 and 54 denote

the amplimde of the harmonic firnetion of order m on air femperanre; and O, and S, denote the

amplimde of the harmonic fionction of order m on water temperature. The superscript C denotes the

calibration stage. The resder can refer to Cho and Lee (2012) for more details.

Outcomes

Linear relationship berween GCM AT and local AT
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Becmea the GCMs provide outpats at & low spatial resolution (up to 3 few degrees), downscaling to local

conditions iz essential Before farther analyses were performed. the linest relationship berween the GCM

gmid-scale AT and the local AT was checked The sveraged AT from all 25 stations was considered a

swrogate for 3 GCM-simmilated AT. The linearity between all station-averazed valoes and mdividusl

station vahes was then imrestizsted.

First, an L-moment frequency snabysis was performed to check the homogeneity within the GCM grid-

scale, and the site was declared discordant if the discordancy index valoe, D). was beyond the threshold

(Hosking, 1097). The spatizl grouping of chservaton sites provides 3 mesns of smoothing sampling

variations and is the basis for forming homogensous climate groups on the basis of terrain, vegetstion,

and climatological cheracteristics (DelGaetano, 2001). Data screening using the discordsncy measure fest

(Hosking, 1997) was employed to identify those sites from the group of given regions that were

discordant with the group 25 a whole. The sites with large emmors in the dats sef were excloded. It was

foumd that the I vakwes of the selected 25 gauging sites for the AT data were below the critical valne, and

the dats of all 25 gauging stafions were trested as hom . COmS! with the ion that the

Eoresn peninsula can be treated a5 a climstobogically homogeneons division.
Figure 2 presents a scatterplot of the 25 station-averaged ATs ws the representafive stations The

coefficient of ination 7° s approx: v 0.98, and all stations provide very good linearity. This
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resnlt may imply that the loczl or site-specific AT can be replaced by the GCM prid-scaled AT with
reasomshle acouracy in Eorea.

Projected WT under global warming scenarios

A detsiled analysis of the climate modeling and how thesa projections were determined is beyond the
soope of this paper, and these projections are regarded as the best available af the momant because they
are hased on research by many experts. However, there may be a gap between the historical data and the
GCM outputs, snd the varions existing statistical fransformations sre used to ensure that the historical
dats and GCM oufputs have similsr sististical properties. The method described by Alcamo et al. (1997)
was usad for this stady. For temperatme, the absolute changes batween the historical and fiuture GCM

time series were sdded to the messured values as follows:

Tor= rrmm. * (Taw.p. e S, @

inwhich T, is the mansformed fiunre emperatre, T, is the measured temperature, Tﬂ:ll]ir

the swerage of the ransformed GCM temperatres for historical fimes is the same as that for the messured
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fitted to the b i jon fimction (hy 15 loop) against the observed W at the representative

station. A statistical evaluation of the relationship berveen the estimared WT and the observed WT is

presented in Figure 4. Figure 4 shows the exceedance probability (EF) of the upperlower quantiles of the

egtimated WT for a range of ermor norms. Three stations show 3 simikar level of statistical accuracies. AT

three stations are associsted with high EP values, ranging from nearly 1009 for s low emor norm (0L05)

1o 10-15% for a high ermor nomm (0.2).

Figure 5 presents a time sexies of the projected anmnsl WT for 2012, 2050 and 2100, and figures 6-7

present 20-year average values af the representstive siztion under the global wanming scenario (A7 snd

B2) summlated by CCCma. [n general the WT in the A? scenario shows a ~3.0 °C mcrease for 2080-

2100, while the AT in the B2 scenario shows 2 ~1.5 °C incresse.

The main foms of this smdy is on the impact of climate chenge on the aquatic emvitonment. In certain

cases, the mawinmm snd minmum WTs (see figmes 6-7) are more important then the mean smmal WT.

The bomes in figures §-7 mdicate the sverages, and the lower/npper mangles ndicate the

minimum. maxinmm values for each time petiod For the years 2080-2100, the inrreases i the

macrimnm/minirniry W are -1.0 °C for the B2 scenario. The increases in the maximam WT are ~1.5°C,

11
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but the increases in the mininmm WT are ~5 °C for the A? scenario. The projected WT shows large

changes in the 1 i WTc with the mean WT under the climate change scensrios.

Figure § presenrs the annnal varistion of the AT and WT for the year 2100. The projected WT shows an

increasing rend in 2100, but no seasonal parterns are found.

Summary and conclosions

Aszsuminz that the sveraged AT from 25 stations in Korea cormesponds to the output from a GCM

simmlation. esch site studied was indivi fitted to the ir regression model, minimiring the

difference b ihe ob: d and est data The projections were adjusted o local conditions

nsing historical AT records, and the GCM AT was downsczled to the site-sperific AT n=ing the already

constructed limear AT-AT relationship. The projected WT's under zlobal warming scenarins 42 and B2,

simmilated by CCCma, were then presented as supporting data for fifure aquatic envionment assessment.

The primary cooclusions are as follows:

®  The averaged WT for the A? scenario shows a -3.0 °C increase for 2080-2010, whereas the WT

for the B2 scenanio shows 2 ~1.5°C increase.

®  The increases in the maximmm WT are ~1.5 °C for the A2 scenario but ~1.0°C for the B2

scenario for the years 2080-2100.
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®  The increases in the minirmm WT are ~5 °C for the A scenario but ~3.0 °C for the B2

scenario for the years 2080-2100.

®  The maxivmm/minimmm WT shows a greater variation than the mean WT in the projection.

®  The projected WT shows an mcreasimg wend for the year 2100, but no seasonal patterns are

found to incresse.

This study will contribute o predictions of the ingpact of anthropogenic climate change on the water

quality, ecosystems, snd hydrologic regime in EKorea. The methodology nsed for the stdy can be applied

o amy other location.
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Table I: Summary of WT data collected for the three sdied locations

Site Station | Lat Lon RH %) | W (m') | Peried
Ty | Leoy !

Ansan 51 37203 | 126580 |13.68 12.63 6468 300 2002-2006
52 37313 | 126613 | 1352 12.33 6540 287 2002-2006
53 37332 | 126700 | 1300 12.81 63.70 200 2002-2006

Masan M1 35106 | 128575 | 1648 15.78 63.81 272 2002-2006
M2 35201 | 128578 | 1649 15.29 65.80 2.88 2002-2006

Nakdong N1 35107 | 128956 |1719 16.08 7005 1.67 2004-2006
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349
350
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352
353
354

335

336

Table 2. Summary of the Korean metecrological stations

S Elevation Location
(o) Lon. (degress) Lat. {degress)

Daezwanrong 750.0 128° 43 37 A0
Sagsan 252 126° 29" 36" 48
Suwon 345 126" 5% Enaty
Cheonan 213 127 07 36748
Clmcheon 768 127 4 3T Se
Ganzneonz 26.1 128° 53 3745
Seoul 855 126° 5T T
Inchecn 54.6 126° 37 3728
Wonju 1507 127 56 3T
Cheonju 564 127 26 36738
Desjeon 626 b d 3602
Chupungrong 2423 127 5 36713
Andonz 140.7 1287 42° 36034
Pohang 13 129° 12 36701
Daegu 573 128° 37 3553
Jecnju 611 127 o 35°49"
Gwangju 745 126° 53 3510
Busan 692 1297 01 3508
Tmju 271 120° 02 35°09'
Ganghwa 470 126° 27 374
Minkpo 300 126° 13 347 49°
Cheonzfu 502 127 28 36738
Teju 226 126° 3" 33930
Tejugosan 732 126° 10 3317
Hussando 685 1257 45 3468
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FIGURE CAFTIONS

Figure 1: Three smdy sations: Ansan Mazan and Nakdong. All three sites are within river and ocean
CONVETZRNCE Sreas.

Figure 2: Scatterplot of all station-sveraged versns individusl sttion dats at the representative stations.

Figure 3: WT fitted to the harmonic finction agamst the observed WT at the Masan station.

Figure 4: Statistical evaluation of the estimated WT against the observed WT. The figure shows the
exceedsnre probability (EP) of the npperlower quantiles of the estimated WT for & range of ermor norms.

Figure 5: Time series of the projected WT: (a) Masan, (c) Anssn, and (g) Makdong for the A2 scenario
and (b} Masan, {d) Ansan and (f) Makdong for the B2 scenaria.

Figure & 20-year sveraged vales of the projected temperature for the A2 scenario at the representative
stations: {a) mean AT, (b} mean WT, {c} maximum WT, and (d) minimum WT.

Figure 7: 20-year averazed values of the projected tempersnure for the B2 scenario at the representative
stations: {3} mean AT, {b) mesn WT, {c) maximum WT, and () minimmm WT.

Figure & Anmeal variation of the projected values at the representative stations for the year 2100: (2) AT
and (c) WT for the A2 scenario and (b) AT and (d) WT for the B2 scenario.
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: i Figure 02: Scatierplot of all station-averaged individual
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Figure 03: WT fitted to the harmonic function against the cbsery
Click here to download Figure: figure 03.eps
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Figure 05: Time series of the projected WT: (a) Masan, (c} Ansan

Click here to download Figure: figure 05.eps
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Figure 06: 20-year averaged values of the projecied temperature

Click here to download Figure: figure 06 eps
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Figure 07: 20-year averaged values of the projecied temperature

Click here to download Figure: figure 07 eps
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Figure 08: Annual variation of the projected values at the repre
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