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Synthesis of the main findings
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CHAPTER | — High-end projection for local sea leve
along the Dutch coast in 2100 and 2200

1. Introduction

, $ 13 $$
$ % 1 (@

$ @ @
9 A>6 <((2= @ $
3 &
' @ $$
$% @ 13

1.1. Factors influencing local sea level
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1.2. Uncertainties involved in projecting future local sea level
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We omit the effects of for example waves, tides and atmospherically driven variations
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2. Sea level rise in the twenty-first century

2.1. IPCC AR4 projections for global mean sea level rise
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2.2. Additional high-end projection for global mean sea level rise
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2.2.1. Global mean thermal expansion
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2.2.2. Small glaciers
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2.2.3. Ice sheets
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2.2.4. Terrestrial water storage
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2.3. High-end projection for global mean sea level rise in 2100
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2.3.1. Comparison to IPCC ARA4 projection (A1FI ersisn scenario)
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! First, a central estimate is calculated by adtlegcentral estimates of the individual componéaits

ranges are assumed to be Gaussian). Next, thetaintgis calculated by quadratic summation oftthadwidths of
the individual contributions, as in IPCC AR4 (2003ince it can be assumed that the reported uitgetafor the
various contributions are independent. The repddtad range is the range spanned by this uncéythemd.
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Table 1.1: Overview of all estimated contributionsand the total high-end projection for global mean sa level
rise for 2100 assessed here, and the correspondicantributions reported in IPCC AR4 for the A1FI emission
scenario (in m). Note that the IPCC contribution d@s not include the extra 0.1-0.2m due to acceleratée
discharge that is mentioned in the IPCC AR4 (SPM).
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2.3.2. Comparison to paleoclimatic evidence of glbimnean sea level rise
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Table 1.2: Relative fingerprint ratios along the Duch coast for the Antarctic and Greenland ice shest
published in several studies
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2.5. High-end projection for sea level rise along the Dutch coast in 2100
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The asymmetry in the distribution of the conttibn of local expansion is accounted for.
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Table 1.3: High-end projection for local sea levdiise along the Dutch coast (in m) based on the fiegprints
presented in Mitrovica et al (2001) and others (soario A), and those presented by Plag and Juettng2001,
scenario B). We currently have no scientific basi® prefer one of the two fingerprints.
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2.5.1. Comparison to KNMI'06 projections
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( Recently, the KNMI'06 scenarios for sea level rise were updated based on recent observations

(as discussed in IPCC AR4 (2007), for example) and by incorporating elasto-gravity effects using the
fingerprint ratios presented by Mitrovica et al (2001). The updated warm scenario (Katsman et al, 2008) is
0.4-0.8 m, again assuming a 4 C temperature rise in 2100.
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Table 1.4: Overview of all estimated contributionsand the total high-end projections A and B for lochsea
level rise along the Dutch coast for 2100 assesdeste (in m), and the corresponding contributions reorted in
KNMI'06 for the warm scenario (4 C temperature rise). Vertical land movement is excluded. Numbers in
brackets result from disregarding the elasto-graviy effect completely.
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There is no significant difference between the updated ice sheet contributions in Katsman et al
(2008) and those in high-end projection A. Both estimates apply the fingerprint ratio presented by
Mitrovica et al (2001).
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3.4. Plausible high-end scenario for global mean sea level rise for 2200
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glebal high—end scenario
4 local high—end scenario A
local high—end scenario B
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3.5. Plausible high-end scenario for sea level rise along the Dutch coast for
2200
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4. Conclusions and recommendations
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5. Scientific background
5.1. Observed local sea level changes along the Dutch coast
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5.2. High-end scenario for atmospheric temperature rise for 2100
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5.2.1.4. High-end projection for the year 2100
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The observation-based estimates are left out, as they lie within the ranges obtained from the
twentieth-century climate model simulations.
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5.2.2.2. Greenland ice sheet
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Table 1.6: Additional changes in Greenland ice sheéGIS) mass balance from storyline for fast ice dyamical
processes compared with the surface mass balancesbd estimates. The temperature sensitivity of fast
processes is unknown so no uncertainty is included.
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5.3.2. Direct evidence of ice sheet extent in thestLInterglacial
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5.3.3. Oxygen isotope records of global ice volume
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5.3.4. Local sea level records
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5.3.5. Conclusions

! &
&

$ 0 8 , %

+ & .
J( 9 $

$ 1%
& & |
3
& @ &

$ & ,

7C

/
(

$

3R, %D @

=@

1 73@ &

| 2-

1



3% $ # @,

, & |
9 < ,
=@ & K (@K -
(@ IK (( < & :
# -9 @$ & 1K(
(@1K) (@ IK- (=0& $ 1
@ &
$

Table 1.7: Paleoclimatic estimates of rates of séavel rise during intervals near modern values
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Table 1.8: Sea level sensitivity for the 20th centy and 21st century from model simulations
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The grounding line — is the point at which ice flowing from the ice sheet towards the ocean starts
to float.
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Subglacial bed elevation

> 2000 metres above sea level

Sea level

l <2000 metres below sea level
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CHAPTER Il - Winds and storm surges along the Dutc  h coast

Abstract
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Mathematically, this is a well defined term. Howevs actual determination and interpretation aden difficult by
climate variability not being strictly “white” (cBunde et al. 2004). The term is conveniently agdfity the Dutch community,
but it is not an uncontested concept, and othemuamities use different design criteria.

92



@ & 1 * <
4 = $ y @,&
> & @ , $ &
& & D &
H3S %
48 + <A (= $ $ , ,
, I+ > < $599% 3=
< (@ (7=%9% @ $ $3$ &
$ , 3

2. Past and future changes of near-surface marine w  ind fields

2.1 Past changes / Variability
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2.2 Projections

2.2.1. IPCC
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2.2.2 Regional climate modelling — PRUDENCE
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/ Actually, Van Ulden and Van Oldenborgh (2006) idiged five models. However, one of them could netused to

assess the storm climate because data with adeiquateesolution (at least daily) were not avaiabl
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2.2.3 Global climate modelling — Essence
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3. Projected changes of local storm surges

3.1. Approach
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Tidal residual and inter-tidal mud flat model
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3.2. Uncertainty
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3.3. Regional climate modeling
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3.4 Results from Essence
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4. Projected change of wind waves
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5. Summary and discussion
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CHAPTER Il - Effects of climate change on the Rhi ne

discharges

This Chapter integrates and summarizes Appendik#ure Rhine discharge as a result of climate
change, and Appendix B: ‘Effect of flooding in Ganyupon the peak discharge at Lobith’.

1. Introduction
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1.2. Main results
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2. The hydrology of the Rhine basin
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3. Methods used to assess future discharge changes of the River
Rhine
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4. Estimates of future Rhine discharge
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4.1. Changes in average seasonal flow
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Table 3.1: Average Rhine discharge (fits) observed at the end of the 20th century, and pjections for 2050
and 2100 (meaningful values for 2200 cannot be dedd). The ranges for 2050 and 2100 are obtained by
applying the KNMI'06 climate scenarios to the Rhindlow-3 rainfall-runoff model. Discharges are roundel to
the nearest 50 M¥s. The percentages are rounded to the nearest 5%ummer refers to Aug — Oct and winter
to Jan — Mar.

1968-1998 2050 2100 2200
Avg. summer flow 1700 1100 — 1700 700 — 1700 n.a.
(m3/s)
Change in avg.
summer flow (%) -35-0 -60-0 n.a.
@:1’%'5;'” inter flow 2750 2950 — 3200 3100 — 3600 n.a.
Change in avg. winter
flow (%) +5 - +15 +15 - +30 n.a.
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Scenario's for the Rhine at Lobith since 1988
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4.2. Future flood frequency
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Table 3.2: Projections of flood events for 2100 witreturn periods between 50 and 1250 years comparéd the
current return values (all values rounded to 500 rifs). The average changes in 10-day discharge volusrfeom
Rhineflow were used to perturb the historical dailydischarge series at Lobith for 1901-2004 (an addtinal
delta method applied to the observed discharge ses). A Gumbel distribution was successively fittetb the
(perturbed) annual maxima above 7000 fiis. The minimum estimate corresponds with the G spario and the
maximum estimate with W+. Note that flooding (contplled or uncontrolled) is not taken into account
(Deltares, 2008).

Return period (yr)
50 100 250 500 1250
Estimated from measured series (1901-2004) 12,000L3,000 14,000 15,000 16,000
Estimate from base line simulation (1901-2004 Qa5 12,500 14,000 15,000 16,000
Minimum estimate 2100 (G) 13,000 14,500, 16,000 17,000 18,500
Maximum estimate 2100 (W+) 15,500 17,000, 18,500 20,000 21,500
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4.3. Changes in the 1250-year discharge based on the KNMI'06 climate

scenarios
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4.4. Changes in the 1250-year discharge based on climate models (direct
approach)
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Table 3.3: Effect of the change in precipitation ariability on extreme Rhine discharge compared tohe effect
of change in average winter precipitation (resultsounded to 500 ni/s).

Parameter HadRM2 HadRM3H
Average winter precipitation +8% +25%
10-day winter precipitation variability +25% -16%

Resulting Q.50 excludingprecipitation variability

change (fis) 18,500 22,000
Resulting (»5pincluding precipitation variability A a6 Anr
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4.5. Estimated range of the future 1250-year discharge and statistical
uncertainty
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Table 3.4: Peak discharge of the Rhine (ffs) in 2050 and 2100 obtained by applying the KNM06 climate
scenarios and results from climate models to relately simple rainfall-runoff models for the Rhine basin in
combination with statistical methods. The referencealue refers to the 1250-year discharge at Lobith.

Reference 2050 2100 2200
value
Peak discharge (its) 16,000 16,500 — 19,000 | 17,000 — 22,000 n.a.
Change in % 3-19 6 — 38 n.a.

" These ranges are rough estimates based on likrimdledge. Apart from the uncertainty in the mean
meteorological conditions, the 2100 range is als®td the large sensitivity of peak dischargeshemges in multi-
day precipitation variability, a precipitation chateristic which has not been included yet in thd{'06 scenarios.
The uncertainty related to hydrological modellimgldnydraulic effects (see below) is not included.
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4.6. Assessing the maximum flow arriving at the Netherlands
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5. Conclusions

A>6 @
[ &
, | (B, &
( 2B
3
, & & *
1$@ )& @, $3 $$ 1 @(((
$ n (#
& (( M, DA>6D(2 <8K=
I(# $ 3 & . C («
$ : $ &
0 , $ & 5
3
! @ 0 < 3 =
I(# . 2@((( 9 2@/
" )@((( 9 @((" @((( 9 ((<M$
D=
+ @
$ (¢ ; , <& =
0 I(# ) 1$
< = I@i((" @((( 9 (( 2@((" @/
(=M% D=
$ 0 7C
$ $ 0
M$ D & > @
& O @
@ $
* & $
< =
M$ D $
1$ ¢ (4 @ ,
, $ $% @ 1$ $
0 : , $3
$ ! , 3
3 @ , 1 M$ D
$ 1$ e«
(( 3 , $
$ $ , ! @/(( 9
8 @ 3
$ 0 @%3 , @/(( 9, &

124



12t

&
$$ %

%



? @QQ@ 6!?33@ *? 6 0A 3@ ((7+*

! &
AS6@ "' ?
? @ 0. 3@ ((- 1 &
! 8+!: $ % A>6 '$ #H @A6@' ?
@*.6@ (- '(2# 3 ,3 % 1% 1$$ $ %
\2 IR@8.p' @'
@ (7 $% 5Q A, %3 @ @'
0 @QQ<$ =5 ! #OH 1
|
'8 @6 ? @O0 ! ' 1
<0!'= ! 6 I8 IR $ ((@A>6#
$ 7@ 2%3%
'8 @6@ ? & 8&"' @ (( A &
& & !'% 6 IR 5819 ((#((2@ @% ((
@'@ (-0 & % &1 . 9
> OH %3 & &56 W+, > H@
., & H . > #8 @ &
0 @6 & :3 8 @ ! %3, Y4 #
>
@'!'@ ((7 0 $ $3
1 %3, 8 @ .
. @ @ (( & ! 6
$$ A>6 ((2 ?: '$ \-72@8.p"'
@I

12¢



Appendix A - Future Rhine discharge as a result of climate
change - review for the new Dutch Delta committee

Table A.1: Average Rhine discharge (iis) observed at the end of the 20th century,

and projections for 2050 and 2100 (meaningful valefor 2200 cannot be derived). The ranges for 20%Mid
2100 are obtained by applying the KNMI'06 climate senarios to the Rhineflow-3 rainfall-runoff model.
Discharges are rounded to the nearest 50%s. The numbers between brackets are the relativénanges
compared to the end of the 20th century (1968 — 18Pand are rounded to the nearest 5%. Summer refer®
Aug — Oct and winter to Jan — Mar.

Discharge characteristig End 20 2050 2100 2200
century
Avg. summer flow f%s) 1700 1100 - 1700 700 — 1700 n.a
(Change in %) (-35-0) (-60 —0) o
Avg. winter flow (m%s) 2750 2950 — 3200 | 3100 - 3600 na
(Change in %) (5-15) (15 - 30) o

Table A.2: Peak discharge of the Rhine (fts) in 2050 and 2100 obtained by applying the KNMO6 climate
scenarios and results from climate models to relately simple rainfall-runoff models for the Rhine basin in
combination with statistical methods. The referencealue refers to an average return period of 1250eatr,
which is of particular interest for flood managemen (so called design discharge used for the desighrover
dikes, river infrastructure and flood plains).

Reference 2050 2100 2200
value
Peak discharge (its) 16,000 | 16,500 - 19,00017,000 — 22,000, a
(Change in %) (3-19) (6 —38) o
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2. Future changes in the average discharge of the R hine
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Scenario's for the Rhine at Lobith since 1988
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Relative change in mean winter discharge
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2.1. Relative changes in winter for 2050 (see Figure A.2)
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2.2. Relative changes in winter for 2100 (see Figure A.2 )
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Relative change in mean summer discharge
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2.3. Relative changes in summer for 2050 (see Figure A.3)
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2.4. Relative changes in summer for 2100 (see Figure A.3)
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3. Future changes in the peak discharge of the Rhin e
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3.1. Peak discharges under the KNMI'06 climate scenarios
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3.2. Peak discharges under the WB21 climate scenarios
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3.3. Sensitivity to changes in precipitation variability
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3.4. Limitations of the peak discharge results
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3.5. Statistical uncertainty of the future 1250-year discharge
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3.6. Estimated range of the future 1250-year discharge
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3.7. Improving the estimates of the future 1250-year discharge
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4. Overview tables
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Table A.3: Changes in average Rhine discharge durinsummer and winter for 2050 and 2100 for different
climate scenarios and discharge models.

Average discharge (Q) Climate scenario Discharge Methodology References
model
Year Q (%) Q (%) Q (%) Q (%) |Type Tglobal
2050 2050 2100 2100
Summer | Winter Summer | Winter
(Aug-Oct) | (Jan-Mar)
2007 G: -05|G: 51 n.a. n.a. KNMI'06 2050: 1, 2 °C | HBV-Rhine |Classical Delta | Te Linde (2007)
G+: -21.8 |G+: 6.8 scenarios (134 sub method; T, P,
Ww: -04 |W: 105 Important note- (G,G+,W,W+). basins, daily | Evap per 10-
W+:-38.9 | W+: 13.7 p ; time step) day period.
Due to a recently &
discovered bug in the
L: na. L: n.a. tﬂ?itte\/\slgsvsgselg?noérn?:a CM: UKHI changes
M: -7.8 [M: 11.2 these results the KHI for the appliedwithout
H: -156.5 |H: 22.3 ) : inter 1S92a emission spatial
(('j’?”f]ase |r}) \Ilyllnl scenario under differentiation in
All these | All these IScharge IS likely equilibrium Rhine basin (in
values are | values are ov_er_est_lmatﬁd S|rr110e| conditions for contrast to
estimated | estimated preuplta@lont at shou 2100; i.e. Rhineflow
from Figs. | from Figs. be conS|der_ed as SNoW\ygo1 simulations).
13 and 18.| 13 and 18. was considered as scenariosfor
rainfall as well and thu the Rhine (only/
counted twice. M and H).
2006 G: 0.2|G: 6.7 |G: 0.5|G: 13.0 [KNMI'06 2050: 1, 2 °C | Rhineflow-3 | Classical Delta | Van Deursen (2006
(2050) | G+: -18.9 |G+: 8.3 |G+: -34.8 |G+: 16.2 |scenarios 2100: 2,4 °C | (3 x 3 knf, method; T, P, |Van Deursen (2007
2007 |W: 0.5(w: 13.0 |Ww: 1.9 |W: 249 |(G,G+W,W+) 10-day time Evap per 10-
(2100) |W+:-34.8 |W+:16.2 |W+:-58.4 [W+: 31.6 step) day period
2004 n.a. n.a. 2L: -43.42L: 31.6 |RCM: 2070-2099: Rhineflow-3 | Bias-corrected | Buishand and
2M: -52.1 | 2M: 26.1 |HadRM3H for | 25% increase 10-day data from Lenderink (2004)
2H: -58.1|2H: 21.0 |the A2 in winter (DJF) RCM used as | Lenderink et al.
emission precipitation input for (2007)
1M: -59 |1M: -59 |scenario. and16% Rhineflow
decreasen (direct approach
Note: Note: variability of combined with
results for |results for 10-day low (2L), middle
M M precipitation (2M) and high
estimated | estimated sums (C\o); (2H) scenario fo
from Fig. | from Fig. 39% decrease change in
12ain 12ain in summer potential
Lenderink | Lenderink (JIA) evaporation
etal. etal. precipitation compared with
(2007) (2007) and43% classical Delta
increase in method (1M).
CVm.




Average discharge (Q) Climate scenario Discharge Methodology References
model
Year Q (%) Q (%) Q (%) Q (%) |Type Tglobal
2050 2050 2100 2100
Summer | Winter Summer | Winter
(Aug-Oct) | (Jan-Mar)
2004 |n.a. n.a. S1:-35 S1: 21 RCM (regional | 2080-2099: Rhineflow-3 | Two scenarios | Buishand and
2003 S2:-29 S2: 18 climate model);| 8% increase in based on Delta | Lenderink (2004)
HadRM2 for a | winter (DJF) methods: a Shabalova et al.
Note: Note: 1% per year | precipitation classical method (2003)
results results increase in and25% in which the
estimated |estimated |equivalent CQ |increasein increase in the
from Fig. |from Fig. |after 1989. variability of 10-day
11in 11in 10-day precipitation
Shabalova | Shabalova precipitation variability
etal. etal. sums (C\o); (CV1p) in winter
(2003) (2003) 15% decrease is excluded (S1)
in summer and an adapted
(JJA) method in which
precipitation this increase is
and28% included (S2).
increase in
CVio
2003 (L: -3.2) |(L: 29 |L: -64 |L: 58 GCM: Scaled UKHI: | Rhineflow-3 | UKHI (H, 2100)| Van Deursen (2003
M: -6.4 M: 5.8 M: -12.8 M: 11.6 UKHI for the 05,1,2°C and scaled
H: -12.8 |H: 11.6 H: -27.1 |[H: 41.4 1S92a emissior (2050-L, 2050~ UKHI (other L,
scenario under| M, 2050-H); M and H).
equilibrium 1,2,4°C
conditions for | (2100-L, 2100-
2100; i.e. M, 2100-H).
WB21
scenariosfor
the Rhine (L,
M, H).
&
D: -475 |D: 6.4 D:n.a D:n.a. New dry Prescribed T, Classical Delta | Beersma et al.
scenariofor P and method; T, P, [(2003)
2050 (D) for Evap (D) Evap per 10-
national day period (D)
drought study.
1999 -7.8 11.9 -12.4 41.1 |GCM: UKHI: Rhineflow-2 | UKHI based Van Deursen (1999
UKHI forthe |2050 (~2 °C), |(1 x 1knf, | Delta method.
1S92a emission 2100 (~4 °C) | 10-day time
scenario under step, UKHI monthly
(Estimated from Fig. 4.4 in equilibrium Thornthwaite{ T, P
Van Deursen, 1999) conditions for Mather interpolated to
2100. evaporation) | 0.5° x 0.5° grid.
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Table A.4: Similar as Table A.3 but for peak dischege (T 1250 yr). Note that no distinction is made between

summer and winter.

Design discharge (Q) Climate scenario Dischargdeho Methodology References
Year Q (%) Q (%) Type Tgiobal (@Nd/or
2050 2100 P)
2008 G: n.a. G: 18,600 KNMI'06 2100: 2, 4°C Rhineflow-3 Two successive Deltares (2008)
G+: n.a. G+: 18,700 |scenarios (3 x 3knt, 10-day | classical Delta-
W: n.a. W: 21,000 (G,G+,W,W+) time step) methods: 1) T, P,
W+: n.a.: W+: 21,700 Evap per 10-day
period. 2) Q per 10-
Notes: draft day period used to
results based transform historical
on Deltares. daily discharge time
(2008); Q in series.
m’/s rather Gumbel distribution
than Qin %. fitted to transformed
annual discharge
maxima exceeding 7000
m’/s.
2007 G: 59 G: na. KNMI'06 2050:1,2°C HBV-Rhine Classical Delta- Te Linde (2007)
G+: n.a. G+: n.a. scenarios (134 sub basins, method; T, P,
W: n.a. W: n.a. (G,G+,W,W+) daily time step) Evap per 10-day
W+: 20.3 W+: n.a.: + Sobek period.
+ 1000-yr data Gumbel distribution
Peak discharge simulated with the | fitted to 1000 annual
(ref. Rainfall generator | discharge maxima.
16,000 n¥s): for the Rhine basin
G: 16,940
W+: 19,250
2007 Method A: Method A: KNMI'06 2050:1,2°C Rhineflow-3 (for Two rough methods to | De Wit et al. (2007)
G: 16,640 G: 17,280 |scenarios 2100: 2,4 °C changes in avg. scale KNMI'06
G+: 16,960 G+: 17,920 |(G,G+,W,W+) discharge) scenarios based on
W: 17,280 W: 18,560 + ‘basic scaling’ and results for WB21
W+: 16,640 W+: 19,840 comparison with scenarios (Kors et al.,
WB21 results (for | 2000). Method A:
Method B: Method B: changes in peak “WB21 rule of thumb
G: 16,800 G: 17,600 discharge) for theMeus€, i.e.
G+: 16,800 G+: 17,600 change in design
W: 17,600 W: 19,200 discharge equals change
W+: 17,600 W+: 19,200 in extreme 10-day
precipitation sum
Note: Q in ni/s | Note: Q in (return period of 10
rather than Q | m¥s rather year) in winter, applied
in %. than Qin %. to the Rhine. Method B:
use design discharge qf
the WB21 scenario that
resembles most the
change in the average
discharge. Note that thp
latter method will likely
underestimate the
change in the design
discharge under the Wi+
scenario for 2050 and
overestimate it for 2100
(see main text).
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Design discharge (Q) Climate scenario Dischargdeho Methodology References
Year Q (%) Q (%) Type Tgiobal (@Nd/oF
2050 2100 P
2004 n.a. 1M: 39% RCM: 2070 — 2099: Rhineflow-3 Two methods. Method | Buishand and
2M: 11% HadRM3H 25% increase in | + Gumbel 1: classical Delta Lenderink (2004)
2H: 10% running A2 winter (DJF) distribution fitted to | method applied to biast Lenderink et al.
emission precipitation and | the annual 10-day | corrected RCM control| (2007)
Decrease of | scenario 16% decreasen | maxima run used as input for
CVyo strongly | (3 runs for variability of 10- Rhineflow (ignores
reduces the | 2070 — 2099 day precipitation decrease of C\).
increase of the| and 3 control sums (C\o); 14% Method 2: bias-
10-1000 year | runs for decrease in corrected RCM data
(and design) |1961 — 1990). |autumn (SON) used as input for
discharge. precipitation and Rhineflow (direct
18% increasein approach, includes
CVio. decrease of C) and
changes in other
properties of the
precipitation
distribution).In addition
middle (M) and high
(H) scenario for change
in potential evaporation.
In total 3 combined
scenarios: 1M (classical
Delta method), 2M and
2H.
2004 |n.a. S1: 15% RCM (regional | 2080 — 2099: Rhineflow-3 Two scenarios based gmBuishand and
2003 S2: 37% climate model):| 8% increase in |+ Gumbel Delta methods: a Lenderink (2004)
HadRM2 for a | winter (DJF) distribution fitted to | classical method in Shabalova et al.
Increase of 1% per year precipitation and | the annual 10-day | which the increase in | (2003)
CVyleadsto |increase in 25% increasein | maxima the 10-day precipitatio
more than 2 | equivalent CQ@ | variability of 10- variability (CVyo) in
times as large | after 1989 day precipitation winter is excluded (S1)
increase of the| (without sums (C\o); 19% and an adapted method
10-1000 year | sulphate aerosglincrease in in which this increase is
(and design) | forcing). autumn (SON) included (S2).
discharge. precipitation and Effect of analysis of 10t
2% decreasen day maxima rather thap
CV1o. daily maxima is only al
underestimation of
about 4% of the given
increase in design
discharge for S2.
2000 Scenarios for No model but simple Rule of thumb based opKors et al. (2000)
design scaling: See Middelkoop (1999):
discharge (ref. Methodology (next | Change design
16,000 n¥s): column) discharge = 5% per °C
L: 16,400 L: 16,800 “WB21 rule of thumb
M: 16,800 M: 17,600 for the Rhine”.
H: 17,600 H: 19,200
1999 L: na. L: na. GCM: UKHI Rhineflow-2 Statistical downscaling| Middelkoop (1999)
2000 |M:n.a. M: 8-12% | UKHI for the 2050: 0.5, 1, 2 °C| + statistical models: | of 10-day discharges | Middelkoop et al.
H: 8 -12% H: 25-30% |1S92a emission| (L, M, H); See Methodology | from Rhineflow to peak (2000)
scenario under | 2100: 1, 2, 4 °C | (next column) discharges using:
Scenarios for equilibrium (L, M, H). i) Conditional Peak
design conditions for | 13% increase in Model
discharge (ref. 2100 consistent| winter i) Wavelets
16,000 nis): with WB21 precipitation in
L: 16,250 L: 16,500 scenarios Central Germany
M: 16,500 M: 17,500 in 2050 and®®4%
H: 17,500 H: 20,000 in 2100 (H
scenario).
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Table A.5: Similar as Table A.4 but for other river basins in Europe.

Design discharge (Q) Climate scenario Dischargéeho Methodology References

Year Q (%) Q (%) Type Tgioba (and/or
2050 2100 P

2007 n.a. A ~7% Three different | 2071 — 2100. HBV-Meuse Bias-corrected RCM | Leander et al. (2008|

B: ~0% GCM-RCM Summary: data used as input for

C: ~45% combinations: | 20-40% increase HBV model (direct

HadAM3H- in winter approach, accounts for

Decrease of | RACMO (A), precipitation; changes in C\ and in

CVypin A and | HadAM3H- 20-30%decrease other properties of

B almost RCAO (B) in variability of precipitation

compensates | ECHAMA4- 10-day distribution).

the effect of | RCAO (C) precipitation sumg Nearest-neighbour

the increase in| under the A2 | (CVyo) in resampling to generated

winter emission HadAM3H driven synthetic sequences

precipitation | scenario. runs (A and B) bu long enough to enhange

on the design very small estimation of changes |n

discharge. increase in design discharge

Design ECHAM4 driven Meuse.

discharge run (C).

sensitive to

changes in

CVio.

However, un-

certain how

CVio will

change in

future climate!

2005 n.a. Changes in 10RCM: 2071 - 2100 Spatially-generaliseRCM data used as inpliKay et al. (2005)

year event: HadRM3H rainfall-runoff model| for rainfall-runoff

-18'to +37% for model (direct approach,
15 small (< 500 k) | no bias correction,

Changes in 50 catchments across | spatial downscaling to

year event: Great Britain the catchment scale).

-33 to +59%

Note, for the

10-year event,

negative

changes

(decreases)

were found for

only 2

catchments and

for 5

catchments the

changes were

very small.

2002 Change in 10- | n.a. GCM: NOTE CLASSIC model for| 3 daily rainfall Prudhomme et al.
year discharge: HadCM2 In this study the | the Severn catchmepscenarios derived from| (2002)
6.6 — 23% for 2050 relevance of | situated in Wales andmonthly changes
and increases changes in the | western England. | (representing: 1
up to 30% for rainfall variability | This is a catchment | increase in frontal
the 50 year for changes in thein which the highest| systems, 2 increase in
event. probability and | flows are generally | convective systems anfd

magnitude of | due to prolonged 3increase in average
floods is stressed.rainfall during the | rainfall without change
winter. in rainfall variability).
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5. The KNMI'0O6 climate scenarios
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Table A.6: Climate change in the Netherlands aroun@100 for the four KNMI'06 climate scenarios compaed
to the baseline period 1976 — 2005.
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Appendix B - Effects of flooding in Germany upon th e peak
discharge at Lobith

1. Introduction
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2. River Rhine basin and present protection levels along the Rhine
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Stochastic weather generator (KNMI) | Time series of 1000
yearof Pand T

l Transformation to
Rainfall-runoff model (HBV) discharge (Rhine until

v

1000 year synthetic discharge waves

Selection of 16 highest discharge waves

* Flood routing with
. retention and floodings
Flood routing (SOBEK, SYNHP) 2long the Upper Rhine
(Rhine from Basel to
l Andernach/Lobith)

16 discharge waves at Andernach

Lobith with all tributaries)

l

Extreme discharges from Rhine catchment

Discharge waves at Andernach

12 i

Flooding at Lower Rhine Discharge
and Gelderland Lower Rhine — Rhine
(Delft-FLS) Branches (SOBEK)

| | | |

flooding ~ Knowledge on inflow Effects of flooding Effect of flood

to protected area / ] _

protected : _
area loss of discharge in on discharge reduction
river waves measures

4. Extreme floods and flooding in Germany due to ex
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Peak discharge Lower Rhine
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Appendix C — Sea level rise in the foreign policy d ocuments
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Table C.1: Sea level rise, advised values of selsttcountries
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