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Table 1 Tide gauge stations and the corresponding water level data information
ha=s Uoaeibi g KA B AR PR IR EHE 7 5 K a

1 W% 57 (Halifax ) 44.667°N, 63.583°W 1920-2013 94

2 115 (Boston) 42.353°N, 71.053°W 1922-2019 98

3 4197 (Newport) 41.505°N, 71.327°W 1931-2019 89

4 J4F2% (Portland) 43.657°N, 70.247°W 1912-2019 108

5 A5 /% 7 ( Charleston ) 32.782°N, 79.925°W 1922-2019 98

6 4 Z | (Victoria) 48.417°N, 123.367°W 19092018 110

7 & 121L(Los Angeles) 33.720°N, 118.272°W 1924-2019 96

8 IH4x111(San Francisco) 7.807°N, 122.465°W 18982016 119

9 JETEHTHE (Cuxhaven ) 53.867°N, 8.717°E 1918-2018 101

10 #7"](Macao) 22.200°N, 113.550°E 1925-2017 93
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Fig. 1 Annual mean sea level and its linear regression for Ma-

cao tide gauge station between the year 1925 and 2017
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at the 10 tide gauge stations
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Fig. 4 Time series of mean sea level and location parameters of Gumbel distribution with the 62 a running time window at Macao tide
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The mean sea level and location parameters of Gumbel distribution are results subtracted by the corresponding time averaged values
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Fig. 5 Comparison between location parameters of the Gumbel distribution for the annual high water levels (solid lines) and the linear

summation of mean sea level and location parameters of the Gumbel distribution for the annual high water levels subtracted by annual mean

sea level (dash lines)
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Fig. 6 Linear regressions of location parameters of the Gumbel distribution for the annual high and low water levels using the long term
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Table 2 Pearson correlation coefficient of mean sea level and
location parameters for the annual high and low water level with

the 62 a running time window at the 10 tide gauge stations
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Table 3 Linear trends of mean sea-level and location paramet-

ers for the annual high and low water level with the 62 a running

time window at the 10 tide gauge stations

il [ A ITA = QU (1 S VAVATE
IR v 47 (Halifax ) 0.992 0 0.998 2
115 (Boston) 0.994 8 0.9916
#1355 (Newport) 0.9972 0.991 4
P22 (Portland) 0.997 0 0.9749
25 R Wi ( Charleston) 0.996 6 0.9189
HEZ FW.(Victoria) 0.944 5 0.805 2
#AZHL(Los Angeles) 0.984 8 0.814 1
IH4 111 (San Francisco) 0.995 6 0.985 4
JE 715 (Cuxhaven) 0.969 7 0.890 2
#17(Macao) 0.978 5 0.966 5

%5 (SSP2-4.5). ¥ (SSP3-7.0) Al &= (SSP5-8.5) HE 1%

= N s B 33 em(HF{H, TR, 39 cm, 51 cm,

63 cm #1 72 cms,

XF L 43 B A [ 5 v FUAS [R] it - T b T A R iR
ER LT 45 2R (1) LA B 0l 2020 4875 | fIRK Az
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VE N HEHEAE, 456 IPCC 55 6 UKITAL I 45 vh ¢ it 1
T b A I (<“TPCC F0 i e #5), SR A ST 2 49
o 4 0% 25 S T T A AR (B K AL T B v HE SR AR

Pk FFhER/ (cm-a™)

R ST FKALALESEL KA E 24

eI St (Halifax) 0.317 0.305 0.387
1105 (Boston) 0.262 0.341 0.256
2155 (Newport) 0.271 0.385 0.245
P4 2% (Portland) 0.187 0.281 0.164
AR W (Charleston) — 0.316 0.325 0.145
Y ZF T (Victoria) 0.084 0.114 0.075
KL (Los Angeles) 0.085 0.072 0.047
IH4:111(San Francisco) 0.200 0.247 0.148
JE5E3rE (Cuxhaven) 0.200 0.606 0.266
#1](Macao) 0.163 0.319 0217

{ELKAE 5 (2) ) ARE A4S 56 ) 36 2020 4E Bk D1 /R 43 #i 280
VE b SEEAA, (B F 3590 7 4% IR 4 v b 77 2k 3
T ARV FAEBR N IPCC 4 6 YAl 41 5 Hh #4365 7
T b T T AR (2t R 34, SR AR SCER 2 o Al 1Y
25 1 T T AR A AR 5 SR A K
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Table 4 The fitting results of location parameters of Gumbel distribution in the year of 2020 for the annual high water level at the 10

tide gauge stations

WAE KA /em
EZitntibng {7 BSH/em RESH/em
25 a—ih 50 a—i 80 a—it 100 a—it

W FI¥E ve T (Halifax) 234.4 12.0 272.8 281.2 286.9 289.6
11 (Boston) 496.6 15.7 546.8 557.9 565.3 568.8
2155 (Newport) 2335 14.4 279.6 289.7 296.5 299.7
4% 22 (Portland) 634.0 12.1 672.7 681.2 686.9 689.7
25 /R Wi (Charleston ) 311.4 14.9 359.1 369.5 376.6 379.9
4 ZF W (Victoria) 330.3 12.2 369.3 377.9 383.7 386.4
1BAZHL(Los Angeles) 336.2 53 353.2 356.9 359.4 360.6
IH4: 111 (San Francisco) 405.6 9.6 436.3 443.1 447.6 449.8
J 597k (Cuxhaven) 837.0 442 978.4 1009.5 1030.4 1040.3
] (Macao) 340.2 30.4 437.4 458.8 473.2 480.0
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Table 5 The fitting results of location parameters of Gumbel distribution in the year of 2020 for the annual low water level at the 10

tide gauge stations

W AEAK Az /em
SR fLE S8 em RIEZHem
25 a—iff 50 a—if 80 a—if8 100 a—i#

I 1 5 407 (Halifax ) -26.5 7.7 -355 -37.0 -37.9 -383

115 (Boston) 26.0 9.5 14.9 13.0 12.0 115

P4 (Newport) -1.5 10.6 -19.9 -22.0 -23.2 -23.7

P45~ (Portland) 186.5 7.9 1773 175.7 174.8 174.4

25K (Charleston) 7.6 1.3 -5.6 -7.8 -9.1 -9.7

4t Z | (Victoria) —24.1 10.5 -36.4 -38.4 -39.6 -40.1

1&H2WL(Los Angeles) 57.0 4.9 51.3 50.3 49.8 49.5

IH4111 (San Francisco) 119.5 6.7 117 110.4 109.6 109.3

J 52 4735 (Cuxhaven) 2124 30.4 176.9 170.9 167.5 166.0

"] (Macao) 28.4 12.3 14.0 11.6 10.2 9.6
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Fig. 7 Prediction of the global mean sea level rise relative to
the year of 2020 under different greenhouse gas emission scen-
arios
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The plot is adapted from Figure SMP.8(d) in the IPCC AR6M and only
the medium values of the prediction results for different greenhouse gas

emission scenarios were given
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Fig. 8 Comparion of extreme high and low water levels for different design lifetime under different greenhouse gas emission scenarios at

Macao tide gauge station
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The solid lines represent results using the method constructed in this paper; the dash lines represent results by adding the predicted mean sea level rise within the

design lifetime to the current extreme water level without considering sea-level rise; the black dotted lines represent results without considering sea level rise
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Fig. 9 Comparison of extreme high and low water levels for the design lifetime of 50 a under different greenhouse gas emission scenarios
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The difference of extreme high/low water levels are the extreme high/low water levels subtracted by the results calculated by the method constructed in this pa-

per under the greenhouse gas emission scenario SSP1-1.9 at the corresponding tide gauge stations
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Fig. 10 Return periods of extreme high and low water levels with the design lifetime of 50 a in the current extreme value distribution (the

year of 2020) estimated by different methods
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The white-filled area denotes the summation of extreme high/low water level and the predicted sea-level rise within the design lifetime of coastal facilities by

IPCC; the shaded area denotes extreme high/low water level estimated by the method proposed in this study based on the predicted sea-level rise by IPCC
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Calculation of extreme water level with the effect of sea level rise

Xie Dongmei ?, Pan Junning®, Wang Hongchuan®, Yang Fan®, Luo Xiaofeng®

(1. College of Harbour, Coastal and Offshore Engineering, Hohai University, Nanjing 210098, China; 2. State Key Laboratory of Hydro-
logy-Water Resources and Hydraulic Engineering, Nanjing Hydraulic Research Institute, Nanjing 210029, China; 3. Key Laboratory of
Port, Waterway and Sedimentation Engineering of the Ministry of Transport, Nanjing Hydraulic Research Institute, Nanjing 210024, China)

Abstract: Based on the extreme value theory of non-stationary sequences, this study carried out the quantitative
analysis of the effect of sea level rise on the exceedance probability of extreme water levels. A new method for the
estimation of extreme water level with sea level rise was proposed by adopting the overall exceedance probability
of extreme water level within the design lifetime of coastal facilities as a critical constraint. With the incorporation
of sea level rise in the location parameter of Gumbel distribution, the new method allows the adjustment of the an-
nual exceedance probability of extreme water levels along with sea level rise over time. The validity of the pro-
posed method was examined using the long term sea level measurement data at 10 tide gauge stations globally. Us-
ing the five global mean sea level rise scenarios projected by IPCC, the extreme water levels for different design
lifetime of coastal facilities with sea level rise were estimated, and the return periods of the extreme water levels
were also evaluated.

Key words: sea level rise; extreme sea level; extreme value theory of non-stationary sequences; design lifetime; occur-

rence probability
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