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Supplemental Materials Section

NOTE: Supplements 2 and 4 are annotated Excel files and are presented separately from this document: An estimate
of the fishing-days lost due to climate impacts.xIsx and Fishing practices survey on mangrove subsistence fishers in
Zambales, Philippines.xIsx.

Supplement 1: this supplement provides support for arguments made in the main text; i.e., the tables below are

referred to in the main text.

Table S1 Typhoons and their effects on coastal communities. These data are not exhaustive and do not include all
historical typhoons, cyclones, and hurricanes; sources are presented as numbered footnote associated with the
typhoon name. Inclusion is limited to typhoon categories 4 and 5, that have caused major devastation to coastal
communities between 2013-2023. The Saffir-Simpson scale was used to determine wind speed (NHC NOAA 2023 -
https://www.nhc.noaa.gov/aboutsshws.php).

IADRC (2019), 2Aguilar-Roman et al. (2020), *Aquino et al. (2018), “Business Standard (2016), *Cahigas et al.
(2023), ®Chauhan et al. (2020), 'DFAT (2021), 8Ezer (2020), *Hallwright and Handmer (2019), °Keriwala and Patel
(2022), “*Kishore et al. (2018), Kumar et al. (2021), *3Li and Huang (2018), **Mangubhai et al. (2021), “*Marlier et
al. (2022), 8Monteclaro et al. (2018), Y'Nair (2021), BNHC-NOAA (2014), I>NHC-NOAA (2018a), °NHC-NOAA
(2018b), 2*NHC-NOAA (2020), 22NPR (2018), 220OCHA (2020), ?*Parida et al. (2018), **Reliefweb (2015),
ZReliefweb (2017), ¥’Reliefweb (2019), ®Reliefweb (2023), 2°Santos et al. (2016), Santos (2021), 3Senkbeil et al.
(2020), 22UNESCAP (2021), 3*Wingard et al. (2019), **World Bank (2014), *World Bank (2015), 3World Vision
(2020)
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Name Year Category Wind speed Location Storm surge Storm surge Homes Destroyed Deaths
(ms?) height (m) Damage Scale (x1000)
North Atlantic
Irmats33:3% 2017 Category 5 79 United States/ 0.9-15 Minimal 6,000 129
Caribbean
Marialt1522 2017 Category 5 78 Puerto Rico 1.8-2.7 Extensive 10 4,000
Michael*®3t 2018 Category 5 72 Florida USA 46 Extreme 180 16
Dorian®?® 2019 Category 5 82 Bahamas 15 Minimal 76 74
lota® 2020 Category 4 69 Central America 4.6-6.1 Catastrophic 63 84
Eastern Pacific Ocean
Odile®® 2014 Category 4 1 Mexico 1.8-3 Moderate 10 5
Patricia? 2015 Category 5 98 Mexico, Central 3 Extensive 9 13
America
Willa? 2018 Category 5 72 Mexico 2.7 Extensive 7 9
Western Pacific Ocean
Haiyan'6:2%30 2013 Violent typhoon 64 Philippines 7.6 Catastrophic 1,100 7,000
Vongfong® 2014 Violent typhoon 60 Philippines 1.8-4.0 Extensive 180 2
Soudelort3? 2015 Violent typhoon 60 Eastern China, Taiwan 14.63 Catastrophic 69 33
Meranti 2016 Violent typhoon 61 China, Taiwan 2.1-3.0 Extensive 331 28
Haima!®2632 2016 Violent typhoon 60 Philippines 4.6 Extreme 200 14
Rai® 2021 Violent typhoon 61 Philippines 3 Extensive 400 410
North Indian Ocean
- Extremely severe . f
24,34
Phailin 2013 cyclonic storm 60 India 6.1 Catastrophic 500 10,000
Hudhud? 2014 Extremgly severe 51 Nepal/India 7.9 Catastrophic 920 45
cyclonic storm
Fani®?’ 2019 Extremely severe 60 India, Bangladesh 1.2-15 Minimal 189 89
cyclonic storm
Amphan?*? 2020 Supesrt(c)?/rilomc 67 India, Bangladesh 10.36 Catastrophic 1,000 84
Tauktag!0172 2021 Extremely severe 51 India, Maldives, 34 Extensive 56 67
cyclonic storm Pakistan, Sri Lanka
South Pacific Ocean
Pam®3 2014 Category 5 69 Vanuatu 13.41 Catastrophic 188 11
Winston® 2015 Category 5 78 Fiji 3 Moderate 40 44
Harold" 2019 Category 5 64 Fiji 3 Moderate 180 31
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Table S2 The effect of suspended sediment levels on fish, crustaceans, and molluscs. Estimates are based on

freshwater species (Birtwell 2000), and the criteria are neither species-specific nor life stage specific.

Suspended sediment load (g L)

Risk to fish and their habitats

0

No risk

<25

Very low risk - No evidence of harmful effects on

stocks

25-100

Low risk - It should be possible to
maintain moderately healthy stocks, but
the yield would be somewhat

diminished

100-200

Moderate risk - These waters are unlikely to

support healthy stocks

200-400

High risk - at best, only poor fisheries are likely to be

found

>400

Unacceptable risk - mortality
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Table S3 Typhoon-related flooding events that have caused mangrove root burial and mortality. Sources are

presented as numbered footnote associated with the typhoon name.

Sediment Deposition

Typhoon/Hurricane Year Location affecting the mangrove roots (cm)
Donna 1962 USA 12-133
Ofa 1990 American Samoa 132
Mitch 1998 Central America 1002
Wilma 2005 USA 8-10*
Haiyan 2013 Philippines 1000!
Irma 2017 USA 1245

!Brill et al. (2016), 2Cahoon et al. (2003), 3Ellison (1999), “Feher et al. (2019), Wingard et al. (2019)
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Table S4 Frequency (per year) and duration (days) of heat waves and typhoons, and an estimate of the fishing-days

directly lost per year by these (i.e., the product of frequency and duration). We assumed that high-category typhoons
produced flooding that led to five further days lost (CDC 2017). Total days (d) are obtained by adding the fishing

days directly lost (d) to flood-affected days (d). See Baseline annual estimates of climate impacts 2016-2020 for

details.
Frequenc . Fishing days Flood-affected
(peg yeargl Duration (d) directlyglosty(d) days (d) Total days (d)
Heat waves 2 5 10 0
Low-category typhoon
Category 1 5 2 10 10
Category 2 2 2 4 )
14
High-category typhoons
Category 3 1 3 3 5 3
Category 4 3 4 12 5 17
Category 5 1 3 3 5 3
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Table S5 Possible loss of stocks by environmental events caused by discrete climate impacts. Losses are in decimal
fractions of the stock lost, and ranges are from data across the literature (denoted by superscripts). For details see,
Stock: fishing-days lost, based on depletion of stocks due to climate impacts.

Impact Effects Stock Loss range
Heat waves
Salinity Fish 0.10-0.50%%37
Crabs 0.20-0.40% 1828
Prawns 0.20-0.65%2"38
Oysters 0.50-0.80232.3
Temperature Fish 0.30-0.70*%-2426.34
Crabs 0.10-0.90°%1026.2934
Prawns 0.10-0.90*"*
Oysters 0.35-0.60°10-21.32.35
Oxygen Fish 0.10-0.72232531
Crabs 0.30-0.50™
Prawns 0.05-0.50"2"38
Oysters 0.25-0.70*13
Low-category typhoons
Salinity Fish 0.04-0.40%%
Crabs 0.10-0.30*18%
Prawns 0.10-0.40%2"38
Oysters 0.10-0.50%%2%
Oxygen Fish 0.10-0.30%253
Crabs 0.10-0.30%
Prawns 0.05-0.30%2"38
Oysters 0.10-0.20%1320
High-category typhoons
Salinity Fish 0.10-0.40%%
Crabs 0.30-0.70%1828
Prawns 0.20-0.70%2738
Oysters 0.50-0.8015213235
Sediment Fish 0.05-0.405"%
Crabs 0.20-0.80"2%
Prawns 0.05-0.25%1°
Oysters 0.50-0.90"1222%0
Oxygen Fish 0.10-0.72832531
Crabs 0.30-0.50'*®
Prawns 0.05-0.50%2738
Oysters 0.25-0.70*132

Allan and Maguire (1991), Allan and Maguire (1992), 3Bachman and Rand (2008), “Baker and Mann (1992),
®Bash et al. (2001), "Birtwell (2000), 8Bommireddy et al. (2021), °Caputi et al. (2016), *°Caputi et al. (2019),
Cheung and Frolicher (2020), *2Colden and Lipcius (2015), *3Coxe (2022), **Davenport and Wong (1987), °Des et
al. (2021), *Faturrohman et al. (2017), Y"Hewitt and Duncan (2002), ‘8Ji et al. (2022), °Kathyayani et al. (2019),

2 ong et al. (2008), *!Lowe et al. (2017), ??Lunt and Smee (2014), 2*McNatt and Rice (2004), >*Mora and Ospina
(2001), #Plante et al. (2005), Roberts et al. (2019), >’Rosas et al. (1998), 2Ruscoe et al. (2004), *Sanda et al.
(2022), *°Sanders et al. (2015), 3'Seager et al. (2000), *?Sehlinger (2018), **Shives and Dunbar (2010), **Vinagre et
al. (2015), ®Wang and Li (2018), *Whitfield et al. (2006), 3"Young et al. (2022), *Zhang et al. (2006).
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Table S6 Estimates of in situ losses caused by discrete climate impacts and the recovery times of stocks after these
(i.e., values applied in the model). Values are: 1) the fraction of a stock lost per event (see Stocks: fishing-days lost,
based on depletion of stocks due to climate impacts) and 2) the fraction of a year for a stock to reach harvestable

sizes, after stock losses (see footnotes for sources).

Impact Stocks Fraction of stock lost Fraction of a year to
per event reach harvestable size
Heat waves
Fish 0 0.77578
Crabs 0.03 0.615%2
Prawn 0.04 0.53%4°
Oysters 0.05 1,191210.11
Low-category typhoons
Fish 0 0.76578
Crabs 0 0.60%?
Prawn 0 0.52349
Oysters 0.01 1.18%2
High-category
typhoons
Fish 0.03 0.86578
Crabs 0.05 0.69%2
Prawn 0.07 0.6134°
Oysters 0.1 128121011

!Barman et al. (2022), 2Bordignon et al. (2020), *Boyd et al. (2002), *Briggs et al. (2004), °Britten et al. (2017),
5Chandrapavan et al. (2019), 'Dinh et al. (2022), 8FAO (2009a), °FAO (2009b), **Hansten (2017), *Hong et al.
(2022), *2Jumawan et al. (2021)
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Table S7 Sick-days arising from the most common illnesses due to discrete climate impacts. The illness with the
longest duration is in bold (i.e., the value used in the model, see Fishers: fishing-days lost based on climate impacts
on fishers and their gear). Sick-days were calculated as the product of the recovery days of an illness and its

likelihood of occurring, based on literature data (see footnotes for sources).

Impact Disease/llIness Likelihood Recovery-days (d) Sick days (d)
Heat waves
Dehydration 0.50 2 1.0t018
Heat stroke 0.18 7 1,231118
Low-category
typhoons
Diarrhoea 0.96 3 2.91422
Influenza 0.85 7 6.0°
Dengue fever 0.67 7 477916
High-category
typhoons
Influenza 0.85 7 6.0°
Water-borne Cholera 0.97 6 5.82:2
Diarrhoea 0.96 3 2.91422
L eptospirosis 0.59 14 8.3%2!
Hepatitis A 0.61 7 4361223
Typhoid fever 0.24 7 1,748
Vector-borne
Dengue fever 0.67 7 477916
Malaria 0.074 7 0.5820
Physical Injury
Cuts and contusions 0.10 4 0.4415
Lacerations 0.60 21 0.1
Fractures 0.01 56 0.56*

LAkhir et al. (2018), 2Ali et al. (2015), *Arsad (2019), *Bartholdson and von Schreeb (2018), °CDC (2017), *CDC
(2020), 'CDC (2021), 8CDC (2022), °Chan and Johansson (2012), °Cleveland clinic (2023), Davis (2022),
L2Franco et al. (2012), 1*Go Cheng et al. (2020), **Health Australia (2023), *Knight (2008), ‘°Li et al. (2021), Y"Liu
et al. (2018), *®Manning (2007), *Mastrangelo et al. (2007), ®Nsereko et al. (2020), ?Rajapakse (2022), ?*Ventura
etal. (2015), 2WHO (2010), 2WHO (2022).
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Table S8 Estimated days to replace damaged fishing gear after it had been destroyed by a discrete climate impact.

For details see Fishers: fishing-days lost based on impacts on fishers and their gear.

Stock Gear Fraction of gear per stock | Days to replace gear (d)
Fish
Gillnets 0.5 4
Crabs
Crab pots 0.22 1
Prawns Scoop net 0.07 2
Oysters Rakes/scythe 0.21 0.5

10
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Table S9 Three scenarios of predicted change of climate impacts on mangrove ecosystems in Zambales, Philippines
for 2030 (see Estimating the increase in days lost in 2030 for Zambales, Philippines). RCP values outline future
climate scenarios based on varying levels of greenhouse gases, affecting how much heat is trapped by atmosphere
(van Vuuren et al. 2011). Values are expressed as fractions that denote the increase due to climate change, above our

baseline values. Note, that negative values denote a decrease in the current impacts.

Projected fractional change

Impact scenario between 2020 and 2030

Heat waves
Mid-estimate (RCP 4.5) 0.30
High-estimate (RCP 8.5) 0.60
Low-estimate (RCP 2.6) 0.12
Low-category typhoons
Mid-estimate (RCP 4.5) -0.46
High-estimate (RCP 8.5) -0.37
Low-estimate (RCP 2.6) -0.46
High-category typhoons
Mid-estimate (RCP 4.5) 0.17
High-estimate (RCP 8.5) 0.21
Low-estimate (RCP 2.6) 0.07

11
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Supplement 2: an annotated Excel file of the model describe in Supplement 2 (An estimate of the fishing-days lost

due to climate impacts).
Supplement 3: fishing practices survey on mangrove subsistence fishers in Zambales, Philippines.

To augment published data, we conducted a survey to analyse the practices of mangrove subsistence fishers (n = 35)
in Zambales, Philippines (E 119° 57.648', N 15° 31.7132"), which is a typical mangrove ecosystem that supports a
wide range of fishing activities (Empeno and Gregorio 2015). The survey assessed: 1) the average mass and daily
quantity of their catch; 2) the cost and amount of fishing gear; 3) the market price of commonly caught stocks; 4) the
number of fishing days per month; 5) the duration of daily fishing activity; 6) the duration of daily active fishing
hours; and 7) the days lost per year due to heat waves, low-category, and high-category typhoons. Data were
collected between July and September 2023 by telephone interviews lasting 15 to 30 minutes (see Supplement 4,
Fishing practices survey on mangrove subsistence fishers in Zambales, Philippines).

From the average mass (M) of stocks caught, we calculated the proportion of each individual stock — fish,
crabs, prawns, and oysters — that each fisher catches, relative to the total mass of the catch, using the formula:
proportion =Mistock/Miotal, Where Msiock and Miotal represent the mass of the individual stock and the total mass of all
stocks, respectively (Supplement 5, Survey on the daily catch and gear utilised by mangrove subsistence fishers).
Similarly, from the gear data, we determined the proportion of gear (G) lost for each stock based on our survey of
subsistence fishers using the same formula: Proportion =Gstoek/Grotal, Where Gstock and Grotal denote the number of gear
lost for each stock and the total gear lost across all stocks. Additional insights were gathered on the types of
mangrove stocks commonly caught, the preferred fishing techniques, and other useful information such as the effect
of impacts on gear damage.

From the data collected, we calculated mean effects and their standard deviations. We also present average,
maximum, and minimum responses, these are not included in the analysis (see Statistical summary of response,
Fishing practices survey on mangrove subsistence fishers in Zambales, Philippines). Lastly, the percentage
difference between literature values and fishers' data serves as a validity check against established research, which

we refer to in the main text see Impacts of climate change on mangrove subsistence fisheries: A global review.

Supplement 4: an annotated excel file of the survey results in Supplement 3 (Fishing practices survey on mangrove

subsistence fishers in Zambales, Philippines).

12
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