
+++ (*’$(!’! &% L@R[[\&:R[‘ROR_TR_ML5R_a&=NTR_‘ML8_VX&QR:\RQRM
L4Q_V&@\b_Va‘M 3QRYaN_R‘&[Y$ 7RYaN_R‘$

C&B& 5\e )//$ *.(( @; 7RYSa$ FUR ARaUR_YN[Q‘
+++ "#%)!’#( &%W\U[&Q\[[R_‘3‘b_S‘N_N&[Y

EGD9‘N_N$ C&B& 5\e 1,.)+$ )(1( :C
4Z‘aR_QNZ$ FUR ARaUR_YN[Q‘

(495@$(!*+,/
7RYSa+7%9?BI V‘ N *7 N[Q +7 ‘UNYY\d dNaR_ ‘\YcR_ dUVPU
PNYPbYNaR‘ [\[%‘aRNQf SY\d N[Q a_N[‘]\_a ]UR[\ZR[N _R‘bYaV[T
S_\Z aVQNY N[Q ZRaR\_\Y\TVPNY S\_PV[T \[ N Pb_cVYV[RN_$ O\b[QN_f
SVaaRQ T_VQ V[ 6N_aR‘VN[ \_ ‘]UR_VPNY P\\_QV[NaR‘&

4‘ 7RYSa+7%9?BI UN‘ ORR[ QRcRY\]RQ \cR_ ‘RcR_NY QRPNQR‘$ dVaU N
cN_VRaf \S Sb[PaV\[NYVaf N[Q \cR_ +-(X YV[R‘ \S ‘\b_PR P\QR$ ]\_aV[T
a\ CD468 V[S_N‘a_bPab_R‘ [RRQRQ ‘\ZR RSS\_a&
4a aUR Z\ZR[a 7RYSa+7%9?BI b‘R‘ @C< dVaU ‘a_V]dV‘R Q\ZNV[
QRP\Z]\‘VaV\[ N‘ Va‘ ]N_NYYRYYV‘NaV\[ N]]_\NPU& 4YaU\bTU 7RYSa+7%
9?BI RZ]Y\f‘ N ‘\]UV‘aVPNaRQ ObVYQ ‘f‘aRZ$ ‘RcR_NY
Z\QVSVPNaV\[‘ dR_R _R^bV_RQ a\ ]\_a Va a\ CD468 ‘f‘aRZ‘ QbR a\
aUR b‘R \S ‘]RPVSVP P\Z]VYR_‘ N[Q @C<%YVO_N_VR‘& 7RYSa+7%9?BI [\d
UN‘ VZ]_\cRQ ‘b]]\_a S\_ @C<6;*$ @H4C<6;$ B]R[@C< N[Q CB8& F\
VQR[aVSf ‘PNYV[T V‘‘bR‘$ QVSSR_R[a PN‘R‘ dVaU V[P_RN‘V[T P\Z]YReVaf
UNcR ORR[ b‘RQ a\ V[cR‘aVTNaR ‘PNYV[T \S aUV‘ ]N_NYYRYYV‘NaV\[
N]]_\NPU \[ ‘RcR_NY CD468 ]YNaS\_Z‘& IR ‘U\d ad\ \S aURZ2 N
‘PURZNaVP Z\QRY \S _VcR_ INNY N[Q aUR D\aaR_QNZ R‘abN_f Z\QRY&

(495@$(!*+,/ <; -.&’) 7;5>0?@>A2@A>4?

"?@ 14;26:0>8%
.7B4> /009
4‘ N ON‘R _RSR_R[PR PN‘R dR ‘aN_aRQ dVaU N ‘PURZNaVP UVTU%
_R‘\YbaV\[ *7 UfQ_\Qf[NZVP Z\QRY aUNa UN‘ PUN_NPaR_V‘aVP
QVZR[‘V\[‘ \S _VcR_ INNY V[ aUR ARaUR_YN[Q‘& B_VTV[NYYf$ aUR Z\QRY
dN‘ QRcRY\]RQ a\ ‘abQf aUR RSSRPa \S Y\dR_V[T T_\f[R‘ \[ QR‘VT[
SY\\Q YRcRY L,M& :_\f[R‘ N_R _R]_R‘R[aRQ N‘ ORQ a\]\T_N]Uf "‘RR
SVTb_R NO\cR# V[ N ‘fZZRa_VPNY P\Z]\b[Q PUN[[RY \S +( XZ YR[TaU
V[PYbQV[T SY\\Q]YNV[ "dVQaU \S )*(( Z# N[Q ZNV[ PUN[[RY "dVQaU \S
.(( Z#& FUR SY\\Q]YNV[ V‘ ‘PURZNaV‘RQ dVaU T_VQ PRYY‘ \S * Z e , Z
N[Q aUR ZNV[ PUN[[RY dVaU T_VQ PRYY‘ \S * Z e * Z$ _R‘bYaV[T V[
Z\_R aUN[ 1 ZVYYV\[ b[X[\d[‘& 4 aVZR ‘aR] \S (&1 ‘RP\[Q‘ V‘ b‘RQ&

5RPNb‘R \S aUR TR\ZRa_f "‘a_NVTUa PUN[[RY dVaU\ba Q_f’V[NPaVcR
]\V[a‘# N[Q aUR UVTU [bZOR_ \S b[X[\d[‘$ Va V‘ X[\d[ S_\Z L*M
aUNa aUV‘ P\[SVTb_NaV\[ ‘PNYR‘ dRYY b] a\ 1. ‘bOQ\ZNV[‘ "‘a_V]‘#&
;\dRcR_$ aUR ]N_NYYRYYV‘NaV\[ N]]_\NPU \S 7RYSa+7%9?BI QVSSR_‘ Na
‘\ZR ]\V[a‘ N[Q Na S\_RUN[Q Va dN‘ [\a PYRN_ dUNa a\ Re]RPa& <a
ab_[RQ \ba aUNa S\_ aUV‘ ‘PURZNaVP Z\QRY 7RYSa+7%9?BI ‘PNYR‘ dRYY
b] a\ -)* P\_R‘ \[ aUR UVTUYf%]N_NYYRY CD468 ZNPUV[R‘&

#;3 14;26:0>8%
.<@@4>30: 4?@A0>C
9\_ N YN_TR Z\QRY dVaU P\Z]YVPNaRQ TR\ZRa_f dR Z\cRQ a\ N +7
UfQ_\Qf[NZVP Z\QRY \S D\aaR_QNZ UN_O\b_ aUNa V[PYbQR‘ ‘RPaV\[‘
\S aUR _VcR_‘ DUV[R N[Q @Rb‘R N[Q N ]N_a \S aUR A\_aU ERN L+M& FUV‘
Z\QRY V‘ b‘RQ V[ FUR ARaUR_YN[Q‘ a\ ‘abQf ]\‘‘VOYR ZRN‘b_R‘ a\
]_RcR[a aUNa S_R‘UdNaR_ V[aNXR ]\V[a‘ N_R NSSRPaRQ Of Z\_R ‘NYV[R
dNaR_ N‘ N _R‘bYa \S ‘RN YRcRY _V‘R& 7RYSa+7%9?BI V‘ NOYR a\
‘VZbYNaR aUR _RYRcN[a ]_\PR‘‘R‘ N[Q ZRN‘b_R‘ a\ _RQbPR ‘NYV[Vaf
V[a_b‘V\[&

7bR a\ aUR P\Z]YVPNaRQ TR\ZRa_f $ ]_\PR‘‘\_ Q\ZNV[‘ UNcR N
UVTUYf cN_fV[T SVYY%SNPa\_& FUV‘ P_RNaR‘ VZONYN[PR‘$ dUVPU YVZVa‘
aUR ‘PNYNOVYVaf& FUR ]R_S\_ZN[PR V‘ VZ]_\cRQ Of NO\ba *(! Of
b‘V[T Y\\] ZN‘X‘ N[Q _RZ\cV[T \]aV\[NY _\baV[R‘& FUR
]R_S\_ZN[PR ]_\SVYR‘ ‘U\d aUNa aUR_R V‘ _\\Z S\_ Sb_aUR_
VZ]_\cRZR[a Of ZV[VZVgV[T aUR Y\PNY Q\ZNV[ ‘VgR N[Q aUR
P\ZZb[VPNaV\[&

=\U[ 7\[[R_‘$ @R[[\ :R[‘ROR_TR_$ 5R_a =NTR_‘$

5<> >409 9754 6C3><3C;0:72 0==9720@7<;?

Presented at the EGU General Assembly 2013,
April 7th–12th 2013, Vienna, Austria

8:G*()+%)+**)

8_VX QR :\RQR$ N[Q 4Q_V @\b_Va‘

.454>4;24?
L)M 7RYSa+7 \]R[ ‘\b_PR dRO]\_aNY
\‘‘&QRYaN_R‘&[Y’dRO’QRYSa+Q

L*M 5\_‘O\\Z$ @& =& 4&$ @&
:R[‘ROR_TR_$ 5& cN[ ha ;\S$ N[Q 8&
E]RR2 7\ZNV[ QRP\Z]\‘VaV\[ V[
‘UNYY\d%dNaR_ Z\QRYYV[T S\_
]_NPaVPNY SY\d N]]YVPNaV\[‘&
C_\PRRQV[T‘ \S aUR *)‘a
<[aR_[NaV\[NY 6\[SR_R[PR \[
7\ZNV[ 7RP\Z]\‘VaV\[ @RaU\Q‘$
DR[[R‘$ 9_N[PR "*()*#

L+M >NNVW$ F& cN[ QR_ N[Q 8&7& QR
:\RQR2 +7 Z\QRYYR_V[T cN[
g\bacR_‘]_RVQV[T V[ URa A\\_QRYVWX
7RYaNORXXR[ "V[ 7baPU#&
FRPU[VPNY _R]\_a )*()**.%((*%
K>E%(((0$ 7RYaN_R‘ "*())#

L,M J\‘‘RS$ @&9&@& N[Q @&
KNT\[W\YYV2 @\QRYYV[T aUR
UfQ_NbYVP RSSRPa \S Y\dR_V[T aUR
T_\f[R‘ \[ QR‘VT[ SY\\Q YRcRY&
FRPU[VPNY _R]\_a )((*-*,%(((%
KIE%(((1$ 7RYaN_R‘ "*()(#

L-M ddd&‘PNYN‘PN&\_T

&1?@>02@
7RYSa+7 L)M V‘ N[ \]R[ ‘\b_PR
‘\SadN_R ]NPXNTR S\_ ‘VZbYNaV[T
P\Z]YRe dNaR_ ZN[NTRZR[a
‘f‘aRZ‘& <a V[PYbQR‘ P\Z]\[R[a‘
a\ ‘VZbYNaR ‘UNYY\d dNaR_ SY\d$
‘RQVZR[a a_N[‘]\_a$
Z\_]U\Y\TVPNY PUN[TR‘$ dNcR‘$
dNaR_ ^bNYVaf N[Q RP\Y\TVPNY
]_\PR‘‘R‘&

FUV‘ ]\‘aR_ QR‘P_VOR‘ _R‘bYa‘ \S
]\_aV[T aUR UfQ_\Qf[NZVP
P\Z]\[R[a 7RYSa+7%9?BI a\
CD468 V[S_N‘a_bPab_R‘& 4[NYf‘V‘
\S aUR ]R_S\_ZN[PR \[ aUR‘R
V[S_N‘a_bPab_R‘ UN‘ ORR[ Q\[R S\_
_RNY YVSR SY\d N]]YVPNaV\[‘&

CD468$ aUR CN_a[R_‘UV] S\_
4QcN[PRQ 6\Z]baV[T V[ 8b_\]R$
\SSR_‘ NPPR‘‘ a\ aUR YN_TR‘a UVTU%
]R_S\_ZN[PR P\Z]baV[T ‘f‘aRZ‘
V[ 8b_\]R& CD468 V[cVaR‘ N[Q
URY]‘ V[Qb‘a_f a\ V[P_RN‘R aURV_
V[[\cNaVcR ]\aR[aVNY aU_\bTU aUR
b‘R \S aUR CD468 V[S_N‘a_bPab_R&
IR NPX[\dYRQTR CD468 S\_
NdN_QV[T b‘ NPPR‘‘ a\ _R‘\b_PR
6b_VR ON‘RQ V[ 9_N[PR Na 684$
9R_ZV ON‘RQ V[ <aNYf Na 6<A864$
N[Q ;R_ZVa ON‘RQ V[ :R_ZN[f Na
aUR ;VTU CR_S\_ZN[PR 6\Z]baV[T
6R[aR_ EabaaTN_a& FUR ‘b]]\_a \S
=\U[ 7\[[R_‘ S_\Z EGD9‘N_N$ FUR
ARaUR_YN[Q‘ a\ aUR aRPU[VPNY d\_X
V‘ T_NaRSbYYf NPX[\dYRQTRQ&

CR_S\_ZN[PR ]_\SVYR \S 7RYSa+7%9?BI dVaU EPNYN‘PN L-M&

’<;29A?7<;? 0;3 <A@9<<8
FUR 7RYSa+7%9?BI ‘UNYY\d dNaR_ ‘\YcR_ dN‘ ]\_aRQ a\ ‘RcR_NY
CD468 ‘f‘aRZ‘ N[Q$ N‘ N _R‘bYa$ 7RYSa+7%9?BI [\d ‘b]]\_a‘ Z\_R
@C<%YVO_N_VR‘& 7RYSa+7%9?BI ‘U\d‘ N T\\Q ‘PNYNOVYVaf dVaU N
‘bVaNOYR$ Oba VQRNYVgRQ$ OR[PUZN_X& CR_S\_ZN[PR N[NYf‘V‘ \S N
_RNYV‘aVP Z\QRY UN‘ ‘U\d[ *(! 6CG aVZR V[ YVaaYR%b‘RQ _\baV[R‘& <a
V‘ Re]RPaRQ aUNa ‘PNYNOVYVaf PN[ OR V[P_RN‘RQ ‘\ZRdUNa$ Oba dVYY OR
YVZVaRQ Of aUR ‘a_V]%dV‘R Q\ZNV[ QRP\Z]\‘VaV\[&

4 aUV_Q OR[PUZN_X V[PYbQR‘ NY‘\ ‘RQVZR[a a_N[‘]\_a N[Q
Z\_]U\Y\TVPNY PUN[TR‘& 4[ V[VaVNY N[NYf‘V‘ ‘U\d‘ ]\‘‘VOYR
VZ]_\cRZR[a‘ Of V[YV[V[T ‘\ZR _\baV[R‘&

_VcR_ INNY

D\aaR_QNZ R‘abN_f
VQRNY ‘]RRQb]

VQRNY ‘]RRQb]

) )( )(( )(((

P\_R‘
-

-(

-((

-(((

‘a
R]

‘’
Z

V[
b

aR

http://www.surfsara.nl
http://www.deltares.nl
mailto:john.donners@surfsara.nl
http://www.scalasca.org

