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Forord

Klimatilpasning, karbonopptak og langtidslagring av karbon i bla skog — «Blatt-karbon», er et prosjekt
som startet opp hgsten 2017 med formal a gi en oppdatert oversikt over karbonsyklusen av tareskog,
alegras og tang i nordiske marine farvann.

Denne arsrapporten er den fgrste i prosjektperioden (2017-2020) og presenterer fremdrift og
leveranser for 2017. | tillegg gir rapporten et sammendrag av presentasjoner og diskusjoner pa
workshopen «Status of knowledge for Nordic carbon cycling in blue forests», som ble arrangert hos
Miljgdirektoratet pa Helsfyr, den 16. og 17. november 2017.

Prosjektet ledes av NIVA og utfgres i samarbeid med Havforskningsinstituttet, GRID-Arendal, (som
sammen med NIVA utgjgr det norske bla skog nettverket - NBFN), Aarhus Universitet i Danmark, Abo
Akademi i Finland, Universitetet i Goteborg i Sverige og Universitetet i Tasmania i Australia.

Prosjektet gjgres pa oppdrag fra Miljgdirektoratet, finansiert giennom midler fra Nordisk
Ministerrad.

Rapporten er skrevet av fglgende personer:

Arbeidspakke 1. Utbredelse og biomasse av bla skog i Norden: Hege Gundersen

Arbeidspakke 2. Feltarbeid — karboneksport og deponering: Kasper Hancke

Arbeidspakke 3. Karbonkretslgp i bla skog: Kasper Hancke

Arbeidspakke 4. Bla skog na og i fremtiden — pavirkninger og muligheter for forvaltningstiltak: Guri
Sogn Andersen

Arbeidspakke 5. Formidling: Helene Frigstad

Lise Ann Tveiten var referent pa workshopen 16-17. november, og takkes for den gode hjelpen med a
skrive ars- og workshoprapport for 2017.

Samtlige samarbeidspartnere takkes for godt samarbeid.

Grimstad, 8. desember 2017

Helene Frigstad (prosjektleder)
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Sammendrag

Prosjektet «Klimatilpasning, karbonopptak og langtidslagring av karbon i bla skog» (heretter Blatt-
karbon) er et tredrig prosjekt pa oppdrag for Miljgdirektoratet, finansiert giennom midler fra Nordisk
Ministerrad (NMR).

Prosjektet utfgres av NIVA, i samarbeid med Havforskningsinstituttet, GRID-Arendal (som tilsammen
med NIVA utgjgr det norske bl skog nettverket - NBFN), Aarhus Universitet (Danmark), Abo Akademi
Universitet (Finland), Universitetet i Ggteborg, samt Universitetet i Tasmania (Australia).

Formalet med prosjektet er a lage en oppdatert oversikt over karbonkretslgp i bla skog (her: tare,
alegress og tang) i de nordiske landene. Arbeidet er delt inn i felgende arbeidspakker
(arbeidspakkeleder i parentes):

e Arbeidspakke 1: Utbredelse og biomasse av bla skog i Norden (Hege Gundersen)

e Arbeidspakke 2: Feltarbeid — karboneksport og deponering (Kasper Hancke)

e Arbeidspakke 3: Karbonkretslgp i bla skog (Kasper Hancke)

e Arbeidspakke 4: Bla skog na og i fremtiden — pavirkninger og muligheter for forvaltningstiltak

(Guri Sogn Andersen)
e Arbeidspakke 5: Formidling (Helene Frigstad)

Denne rapporten er en arsrapport for prosjektet Blatt karbon i 2017, og presenterer forelgpige
resultater og fremdrift i prosjektets fgrste ar. | tillegg gir den et sammendrag fra workshopen «Status
of knowledge for Nordic carbon cycling in blue forests» arrangert den 16-17. november 2017.

e | arbeidspakke 1 er det hovedsakelig jobbet med a fa oversikt over datagrunnlaget for a
modellere geografisk utbredelse av bla skog i Norge og de gvrige Nordiske landene (Tasks 1
og 2). NIVA har tatt for seg data fra norsk side, mens Aarhus Universitet har vurdert gvrige
tilgjengelige data i Norden. I tillegg har man fatt en oversikt over hva som finnes av GIS-
modeller (e.g. batymetri og eksponering) for a kunne lage heldekkende prediksjonsmodeller
for tare, alegras og tang for Norden.

e | arbeidspakke 2 er det utfgrt feltarbeid som bidrar med kvantifiseringer av produksjon av
Igst organisk karbon (Dissolved Organic Carbon, DOC) fra stortare under naturlige forhold i
sjgen (Laminaria hyperborea, Task 2.3).

e Arbeidet i arbeidspakke 3 er ikke budsjettert til 3 begynne fgr i 2018, men det er likevel blitt
laget en oversikt over navaerende kunnskapsstatus for et karbonbudsjett for norsk tareskog
og en oversikt over pagaende relevante prosjekter, i forbindelse med workshopen 16-17.
november.

e | arbeidspakke 4 er det satt opp rammeverk for nettverksanalyser (QPress) av tareskog,
alegrassystemer og tangsamfunn basert pa tilgjengelig litteratur. De forelgpige resultatene
fra nettverksanalysene er diskutert i Kapittel 3.4, og dialog med samarbeidspartnere og
forvaltning vil vaere viktig frem til de endelige resultatene skal presenteres i 2018/2019.

e Hovedoppgaven i arbeidspakke 5i 2017 har veert a planlegge og utfgre workshopen «Status
of knowledge for Nordic carbon cycling in blue forests» den 16-17. november. | kapittel 4
presenteres et sammendrag av presentasjoner og diskusjoner fra workshopen.

Under workshopen «Status of knowledge for Nordic carbon cycling in blue forests» var det i fgrste
sesjon pa dag 1 en presentasjon fra Miljgdirektoratet (Solrun Figenschau Skjellum) om bakgrunnen
for prosjektet og hvordan resultatene vil veere nyttig i forvaltningens arbeid med blatt karbon.
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Deretter var det presentasjoner av hver av arbeidspakkelederne (over), som gav en oversikt over
formal, arbeidsoppgaver (tasks) og status for 2017. | sesjon 2 var det fokus pa hvordan blatt karbon
behandles i policy pa miljg- og klimaomradet og hvilken rolle tarekarbon spiller i det globale
karbonkretslgpet. Grid-Arendal (Steven Lutz) holdt en presentasjon om hvordan det jobbes
internasjonalt med policy knyttet til opptak av karbon i kystnaer vegetasjon, deretter var det en
presentasjon fra NIVA (Elizabeth Selig) om arbeidet med a inkludere mangrove i REDD+. Til sist var
det en presentasjon fra Arhus Universitet (Dorte Krause-Jensen) om den viktige, og til nd oversette,
rollen tarekarbon har i det globale karbonkretslgpet. Den siste sesjonen pa dag 1 ga en oversikt over
utbredelse av bla skoger (tare, alegras og tang) i de nordiske landene og hvilke data som var
tilgjengelig for arbeidspakke 1. Abo Akademi (Christoffer Bostrom) dekket den Baltiske regionen,
Arhus Universitet (Dorte Krause-Jensen) dekket Danmark og Grgnland, mens Havforskningsinstituttet
(Frithjof Moy) dekket Norge. Til sist presenterte NIVA (Hege Gundersen) de GIS-modeller som brukes
for @ modellere utbredelse av bla skog i Norge.

Pa dag 2 var det lagt opp til sesjoner med god tid til diskusjoner og innspill fra samarbeidspartnerne
og forvaltning til det videre arbeidet i prosjektet. Den fgrste sesjonen handlet om hvorvidt
tarekarbon kan inkluderes i nasjonale utslippsregnskap. Miljgdirektoratet (Ellen Bruzelius Backer)
forklarte prinsippene for et utslippsregnskap, med eksempler fra sektor for skog og annen arealbruk.
NIVA (Kasper Hancke) presenterte et forelgpig karbonkretslgp for nordisk bla skog, samt et tentativt
karbonregnskap for norsk tareskog i relative enheter, basert pa et nylig publisert globalt estimat
(Krause-Jensen og Duarte 2016). Det ble diskutert ulike elementer som ma pa plass for a realisere et
eventuelt utslippsregnskap for tare, og det var enighet om at det fremdeles er betydelig usikkerhet
og derfor behov for videre diskusjon og samarbeid mellom tareforskerne og eksperter pa
utslippsregnskap.

Sesjon 2 handlet om pavirkningsfaktorer og muligheter for forvaltningstiltak knyttet til bla skog. NIVA
(Guri S. Andersen) holdt en presentasjon om de forelgpige resultatene fra nettverksanalyser i
arbeidspakke 4, der alegras ble brukt som eksempel. Fylkesmannen i Aust- og Vest-Agder (Katrine S.
Gunnarsli) presenterte forvaltningens behov knyttet til overvaking og bevaring av bla skog. Deretter
ble det diskutert hvordan nettverksanalyse kan vaere et verktgy for a8 bestemme de viktigste
pavirkningsfaktorene og gkologiske interaksjonene, noe som vil veere viktig for a vurdere tiltak
forvaltningen kan iverksette for & bedre tilstanden i bla skog.

Den siste sesjonen pa dag 2 handlet om a fa en oversikt over hvilke data som er tilgjengelig i de ulike
nordiske landene; data som kan brukes i arbeidet med 3@ modellere utbredelse og biomasse av bla
skog i Norden.
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Summary

Title: Blue carbon: Climate adaption, CO, uptake, and sequestration of carbon in Nordic blue forests.
Annual and workshop report 2017

Year: 2017

Author(s): Helene Frigstad, Hege Gundersen, Kasper Hancke, Guri Sogn Andersen, Trine Bekkby,

Lise Tveiten

Source: Norwegian Institute for Water Research, ISBN 978-82-577-6948-2

"Blue Carbon: Climate adaptation, carbon uptake, and sequestration of carbon in Nordic blue forests
", is a three-year project funded by the Norwegian Environment Agency, through the Nordic Council
of Ministers (NMR).

The project is led by NIVA, in cooperation with the Institute of Marine Research, GRID-Arendal (which
together with NIVA comprise the Norwegian Blue Forests Network - NBFN), Aarhus University
(Denmark), Abo Academy University (Finland), University of Gothenburg (Sweden) and the University
of Tasmania, (Australia).

The aim is to make an updated overview of carbon cycles of kelp, eelgrass and rockweed in Nordic

marine waters. The work is divided in five work packages (WP-leader in brackets)

e WP 1: Distribution and biomass of kelp, eelgrass, and rockweed in the Nordic marine waters
(Hege Gundersen)

e WP 2: Fieldwork — Kelp carbon export and sequestration (Kasper Hancke)

e WP 3: Carbon cycle of blue forests (Kasper Hancke)

¢ WP 4: Blue Forests now and in the future — pressures and management measures
(Guri Sogn Andersen)

¢ WP 5: Communication and outreach (Helene Frigstad)

This report represents the annual report of the Blue Carbon project in 2017, and presents preliminary
results and progress. It also provides a summary of the workshop "Status of Nordic carbon cycling in
blue forests" organized the 16-17 of November 2017.

Status of the different Work Packages in 2017:

e WP 1 has gathered an overview of the data availability in order to model the geographical
distribution and biomass of blue forests in Norway and the other Nordic countries (Tasks 1
and 2). NIVA has worked with data from Norway, while Aarhus University has assessed other
available data from the Nordic region. In addition, an overview of available GIS models (eg.
bathymetry and exposure) has been obtained to make comprehensive predictive models for
kelp, eelgrass and rockweed for the Nordic region.

e WP 2 has performed field work that quantifies the production of Dissolved Organic Carbon
(DOC) from kelp (Laminaria hyperborea) under natural conditions.

e WP 3 will mainly start in 2018, but a status of knowledge of the carbon budget and pathways
of kelp was presented at the workshop.

e WP 4 has established a framework for network analyzes (QPress) in blue forests based on
available literature. The preliminary results from the network analyzes are discussed in
Chapter 3.4, and dialogue with partners and management will be important until the final
results will be presented in 2018/2019.




NIVA 7213-2017

e The maintask in WP 5in 2017 was to plan and arrange the workshop "Status of Nordic
carbon cycling in blue forests" the 16-17 of November, presented in Chapter 4.

In the first session of the workshop “Status of Nordic carbon cycling in blue forests” on Thursday the
16" of November, there was a presentation from the Norwegian Environment Agency (Solrun
Figenschau Skjellum) on the background for the project and applicability of the results. It was
followed by presentations of each of the WP leaders, with an introduction to the tasks and status for
2017. In session 2, the focus was on blue carbon policy and the role of macroalgae in the global
carbon cycle. Grid-Arendal (Steven Lutz) presented blue carbon in a global policy context, followed
by a presentation by NIVA (Elizabeth Selig) about integrating mangroves into REDD +. Finally, a
presentation from Aarhus University (Dorte Krause-Jensen) was given on the role of macroalgae in
the global carbon cycle. The last session focused on the Nordic picture, and gave an overview of the
data availability of blue forests (kelp, eelgrass and rockweeds) in the Nordic countries (input to WP1).
Abo Academy University (Christoffer Bostrom) presented The Baltic Region, Aarhus University (Dorte
Krause-Jensen) presented Denmark and Greenland and the Institute of Marine Research (Frithjof
Moy) presented todays knowledge on blue forests distribution and data availability on kelp, eelgrass
and rockweed in Norway. Finally, NIVA (Hege Gundersen) presented an overview of different
possible modelling techniques bases on existing data in Norway.

On Friday the 17, the sessions were structured with ample time for discussions, in order to get input
from partners and management to future work in the project. The first session focused on the
potential for including kelp in national carbon reporting. The Norwegian Environment Agency (Ellen
Bruzelius Backer) explained the principles for carbon reporting, with examples from the sector for
forests and other land use. NIVA (Kasper Hancke) presented a preliminary carbon budget for kelp and
the status of knowledge on fluxes and sequestration potential. There were discussions on the
elements that need to be in place for a potential carbon reporting for kelp, and there was agreement
that there is still considerable uncertainty and a need for further discussion and cooperation
between research scientists and emission reporting experts. Session 2 dealt with impact factors and
opportunities for management measures related to blue forest. NIVA (Guri S. Andersen) gave a
presentation of the preliminary results from network analyzes in work package 4, with seagrass used
as an example. A representative from the County Governor of Aust- and Vest-Agder (Katrine S.
Gunnarsli) presented the management needs for monitoring and conservation of blue forest.
Followed by a discussion on how network analysis could be a tool for determining the most
important impact factors and ecological interactions, which will be important for assessing possible
measures to improve the condition of blue forest. The last session on day 2 gave an overview of
available data from the Nordic countries to be used in modelling the distribution and biomass of blue
forests (input to WP1).
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1 Innledning - blatt karbon

Marine planter og alger binder uorganisk karbon gjennom fotosyntesen, som er
primaerprodusentenes system for a utnytte energi fra sollys og omsette den til kjemisk energi i
organiske forbindelser, altsa biomasse. Lgste uorganiske karbonforbindelser fra vannmassene (CO,,
bikarbonat eller lignende forbindelser) brukes i syntetiseringen av denne biomassen, og prosessen
ferer dermed til fjerning av CO, fra vannmassene. Samtidig foregar det en kontinuerlig utveksling av
CO; mellom havet og luften over, og derfor bidrar de marine primaerprodusentene til fijerning av CO2
fra atmosfaeren. Ifglge «The Global Carbon Project» har rundt 25 % av de menneskeskapte CO,-
utslippene de siste ti arene blitt tatt opp av havet. En liten endring i opptaket av CO, i havet eller pa
land vil ha store konsekvenser for den mengden CO, som blir vaerende i atmosfaeren, og som bidrar
til at den globale temperaturen gker.

Karbonets kretslgp i det marine miljget er vist i figur 1. Karbonet som bindes i en organisme kan etter
organismens dgd ha forskjellige skjebner: (1) Det partikulaere organiske materialet (POC) kan havne i
vannmassene der det gradvis brytes ned til Igst organisk karbon (DOC) eller uorganisk karbon (DIC),
og fortsetter karbonkretslgpet i vannmassene. (2) Det organiske materialet kan havne pa sjgbunnen i
grunne omrader, der det brytes ned og frigir karbon pa tilsvarende vis som i vannmassene, eller det
begraves og lagres i lengre tid. (3) Materialet kan fraktes ut pa dypere vann (her definert som dypere
enn 1000 m) hvor det lagres lenge (> 1000 ar), enten begravd i sedimentene eller som en del av
dypvannstrgmmene.

Deponeringi=

POC + DOC

woner‘iy

Figur 1. Karbonkretslgpet i nordisk bla skog (representert ved alegraseng og tareskog). POC:
Partikulzert organisk karbon (> 45 um); DOC: Lgst organisk karbon (< 45 pum); DIC: Igst uorganisk
karbon; Deponering/langtidslagring av karbon foregar bade i den bla skogen og pa dyphavet. Under
1000 m dyp vil karbonet bli lagret lenge.

| dette prosjektet har vi satt sammen en prosjektgruppe bestaende av forskere fra NIVA, i tillegg til
forskere og fagpersoner fra Havforskningsinstituttet (HI) og GRID-Arendal (som sammen med NIVA
utgjer det norske bla skog nettverket - NBFN). I tillegg har vi knyttet til oss samarbeidspartnere fra




NIVA 7213-2017

sentrale forskningsmiljg pa dette fagomradet i de nordiske landene (Aarhus Universitet i Danmark,
Goteborgs Universitet i Sverige og Abo Akademi Universitet i Finland), samt fra University of
Tasmania, Australia.

2 Arbeidspakkene

21 WP 1: Utbredelse og biomasse av bla skog i Norden

Fagansvarlig: Hege Gundersen

Medarbeidere: Guri S. Andersen (NIVA), Hartvig Christie (NIVA), Eli Rinde (NIVA), Dorte Krause-
Jensen (Arhus Univ.), Frithjof Moy (HI), Susanne Baden (Ggteborg Univ.), Christoffer Bostrom (Abo
Akademi Univ.)

Erstatningspersonell (fagansvarlig): Eli Rinde

Forelgpige konservative beregninger presentert i rapporten «Utredning om CO,-opptak i marine
naturtyper» (Gundersen m.fl. 2011) viser at bla skog (dlegras, tang og tare) sannsynligvis har en viktig
funksjon i den marine karbonsyklusen, ved a@ «pumpe» CO, fra atmosfaeren og ned i havbunnen hvor
den kan lagres i lang tid. Beregningene tyder ogsa pa at denne deponeringen kan veere i
stgrrelsesordenen til arlig lagring av karbon i skogsjord. Navaerende beregninger av utbredelsen av
bla skog anses som noe overestimert, og det er behov for en forbedring av de bakenforliggende
modellene. Dette vil gjgres i dette prosjektet.

Arbeidet vil bli strukturert i fglgende oppgaver:

1.1. Modellere geografisk utbredelse av tareskog, tang og alegras i Norge.
1.2. Modellere geografisk utbredelse av bla skog i de gvrige nordiske landene.
1.3. Beregne biomasse av bla skog i Norden

1.4. Beregne biomasse av flora og fauna tilknyttet bla skog

Leveranser:

. GIS-modeller som viser omrader i Norden med antatt utbredelse av stortare, sukkertare, tang
og alegras (input til WP3)

o GIS-modeller som viser beregnet biomasse av stortare, sukkertare, tang og alegras i hele
utbredelsesomradet for disse artene (input til WP3)

o Estimater pa karboninnhold i bla skog akkumulert per forvaltningsenhet (fylker og kommuner i
Norge, samt tilsvarende enheter for de gvrige nordiske landene)

J Estimater pa karboninnhold fra flora og fauna assosiert i bla skog - akkumulert per

forvaltningsenhet (fylker og kommuner i Norge, samt tilsvarende enheter for de gvrige
nordiske landene)

. Bidrag til rapporter, sluttseminar og populeaervitenskapelige produkter

. Informasjon til vitenskapelig publikasjon

2.2 WP 2: Feltarbeid - karboneksport og deponering

Fagansvarlig: Kasper Hancke (NIVA)

Medarbeidere: Helene Frigstad (NIVA), Guri Sogn Andersen (NIVA), Hege Gundersen (NIVA), Hartvig
Christie (NIVA), Dorte Krause-Jensen (Arhus Univ.), Christoffer Bostrom (Abo Akademi Universitet) og
Susanne Baden (Goteborg Universitet)

Erstatningspersonell (fagansvarlig): Gunhild Borgersen (NIVA)

10



NIVA 7213-2017

Vi mangler data som kan si noe om hvor stor del av biomassen som eksporteres ut fra den bla
skogen, hvor stor andel som akkumuleres og begraves, hvor mye som omsettes, og hvor mye som
frigigres pa nytt som CO; i vannmassene. Deler av denne kunnskapen dekkes i pagaende prosjekter
ledet av NIVA eller av eksterne ressurspersoner presentert i dette tilbudet. Dette prosjektet vil bidra
med ny kunnskap om eksport og deponering av karbon fra tareskogen gjennom feltarbeid.

Arbeidet vil bli strukturert i fglgende oppgaver:

2.1 Kvantifisering av taremateriale som sedimenterer pa havbunnen.

2.2 Nedbrytningsrater og langtidslagring av organisk materiale fra tare i sedimenter.
2.3  Produksjon av DOC fra tareskogen.

Leveranser:

. Kvantitative estimater pa sedimentering av karbon pa havbunnen

. Kvantitative estimater av nedbrytnings- og lagringsrater av karbon pa& havbunnen
. Empiriske data til et oppdatert karbonbudsjett, input til WP3

o Bidrag til rapporter, sluttseminar og populeaervitenskapelige produkter

. Informasjon til vitenskapelig publikasjon

2.3 WP 3. Karbonkretslop i bla skog

Fagansvarlig: Kasper Hancke (NIVA)

Medarbeidere: Helene Frigstad (NIVA), Guri Sogn Andersen (NIVA), Hege Gundersen (NIVA), Dorte
Krause-Jensen (Arhus Univ.), Christoffer Bostrom (Abo Akademi Universitet) og Susanne Baden
(Goteborg Universitet) med flere.

Erstatningspersonell (fagansvarlig): Helene Frigstad (NIVA)

| arbeidspakke 3 vil kunnskapen fra arbeidspakke 1 og 2 syntetiseres og et karbonregnskap for bla
skog i Norden vil bli utarbeidet. Denne kunnskapen er ngdvendig for a forsta havets rolle i nasjonale
karbonregnskap, og en forutsetning for en helhetlig forvaltning av havets ressurser, saerlig stilt
ovenfor dagens og fremtidens klimautfordringer.

Arbeidet vil bli strukturert i felgende oppgaver:

3.1 Netto primaerproduksjon av tare, tang og alegras.

3.2 Eksport av karbon fra tareskog.

3.3 Deponering av karbon i kystneere omrader og i dyphavet.
3.4 Oppdatert karbonregnskap for nordisk bla skog.

Leveranser:

. Kvantitative estimater pa karbonopptak og karboneksport fra tareskog
. Samlet karbonbudsjett for den norske tareskog

. Samlet karbonbudsjett den nordiske bla skog

. Data til WP4

. Bidrag til rapporter, sluttseminar og populaervitenskapelige produkter
. Informasjon til vitenskapelig publikasjon
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24 WP 4: Bla skog na og i fremtiden — Pavirkninger og muligheter
for forvaltningstiltak

Fagansvarlig: Guri Sogn Andersen
Medarbeidere: Helene Frigstad (NIVA), Hege Gundersen (NIVA), Hartvig Christie (NIVA)
Erstatningspersonell (fagansvarlig): Trine Bekkby (NIVA)

Den generelle tilstanden til de bla skogene i Norden har fatt mye oppmerksomhet gjennom de siste
tidrene. Bortfallet av store arealer av tareskog (Norderhaug & Christie 2009, Moy & Christie 2012,
Rinde m.fl. 2014, Aratjo m.fl. 2016), samt en generell reduksjon i utbredelse og tilstand i
alegrasenger (Bostrom m.fl. 2014) har satt disse gkosystemene og deres tjenester pa agendaen. De
bla skogenes gkosystemtjenester vil vaere viktige brikker i var tilpasning til fremtidens klima.
Eksempler pa slike tjenester kan vaere karbonfangst og lagring som bidrar til 8 dempe CO,-gkningen i
atmosfaeren, bglgedemping som bidrar til a redusere risiko for skade pa kystsamfunn forbundet med
gkt frekvens av ekstremveer, hindre erosjon av havbunn som kan skade biodiversitet og kystsamfunn
som konsekvens av hyppigere forstyrrelser fra vaer og vind. De bl skogene er ogsa selve
fundamentet for en sterk fiskeriflate og kystnaering, som kan bli enda viktigere i fremtiden. Et bilde
av de bla skogenes fremtid i Norden adresseres i dette prosjektet (WP 4), og utgjgr et viktig grunnlag
for & fatte helhetlige forvaltningsmessige beslutninger som kan bidra til a sikre gkosystemtjenester
og en god tilpasning til fremtidens klimautfordringer.

Arbeidet vil bli strukturert i fglgende oppgaver:

4.1 Skjematisk fremstilling av gkologiske samspill og pavirkninger.
4.2 Etablere QPress modell som beskriver dagens situasjon.

4.3 Gi et bilde av den bla skogens fremtid.

4.4 Finne mulige tiltak for a sikre den bla skogens fremtid.

Leveranser:

° Et bilde av de nordiske bla skogenes sannsynlige skjebne og bidrag til karbonfangst og lagring
under tre relevante prognoser for fremtidens havmiljg.

. Vurderinger av betydningen dette vil ha for den bla skogens gkosystemtjenester

° Analyser av konkrete forvaltningstiltak og deres effekt pa de nordiske bla skogenes skjebne,
ogsa i fremtiden.

. Tydelige rad om mulige forvaltningstiltak basert pa denne kunnskapen og analyser av
giennomfgrbarhet (i samarbeid med vannregionmyndigheter fra sgr til nord i Norge)

. Bidrag til rapporter, sluttseminar og populaervitenskapelige produkter

o Informasjon til vitenskapelig publikasjon
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2.5 WP 5: Formidling

Fagansvarlig: Helene Frigstad (NIVA)
Medarbeidere: Hele prosjektgruppen
Erstatningspersonell (fagansvarlig): Trine Bekkby (NIVA)

Prosjektgruppen har som helhet lang erfaring med formidling og publisering, bade i vitenskapelige og
populaervitenskapelige fora. Sluttrapporten vil vaere en fagrapport, men skal vaere forstaelig ogsa for
interessenter uten faglig bakgrunn innenfor dette temaet. De populeaervitenskapelige produktene
(faktaark, poster og sammendrag til publisering pa nettsider) vil veere mer lettleste og uten bruk av
fagtermer.

Datagrunnlaget vil gjgres dpent tilgjengelig i hensiktsmessig format og kanal etter endt
prosjektperiode.

Leveranser:

Sluttrapport pa engelsk med sammendrag pa norsk, leveres senest i lgpet av f@grste halvar 2020
Populaervitenskapelig sammendrag pa norsk som egner seg for publisering pa Nordisk
ministerrads hjemmesider. Leveres i fgrste halvdel av 2020

Faktaark pa bade engelsk og norsk. Leveres i fgrste halvdel av 2020

Poster pa bade engelsk og norsk. Leveres i fgrste halvdel av 2020

Resultatene vil ogsa presenteres pa Klimatilpasningskonferansen, Arendalsuka, ICZM 2018
eller ved andre relevante nordiske og nasjonale konferanser

Sluttseminar med Miljgdirektoratet og andre relevante forsknings- og forvaltningsmiljger.
Arrangeres siste halvdel av 2019 eller begynnelsen av 2020
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3 Resultater

Prosjektet startet 8. september 2017 med et kontraktsmgte med Miljgdirektoratet hvor det ble
gjennomgatt arbeidspakker, framdriftsplan, budsjett, rapportering, mgteplan og justeringer av
prosjektet i henhold til tilbudet.

Kostnader (tabell 1) og fremdrift (tabell 2) er i henhold til avtalt plan. Endelig fordeling av kostnader
mellom arbeidspakkene for 2018 og 2019 vil avklares i 2018.

Tabell 1. Kostnadsbudsjett for 2017-2019.

Aktivitet 2017 2018 2019
WP 1 147000 147000 0
WP 2 154000 690000 0
WP 3 190000 205800
WP 4 352500 14500 88200
WP 5 335000 0 696900
Adm 88024 35023 85623
Sum 1076524 1076523 1076523

Tabell 2. Fremdriftsplan for 2017-2019/2020. Grgnt er pagaende arbeid og blatt er nar arbeidet skal
avsluttes.
2017 2018 2019 2020
Q3 Q4 Q Q@ Q@ Q@ Q1 Q a3 Qi Q12
WP1: Distribution and

biomass of blue forests in
the Nordic countries

WP2: Fieldwork: carbon
export and sequestration

WP3: Carbon cycling in blue
forests

WP4: Blue forests now and
in the future — pressures
and measures

WP5: Communication and
outreach 10 des 10 des

3.1 WP 1: Utbredelse og biomasse av bla skog i Norden

I henhold til planen skulle arbeidet med WP1 i 2017 besta i a fa en oversikt over tilgjengelige data pa
bla skog (tare, alegras og tang) for Norden (Task 1.1) og Norden for gvrig (Task 1.2) og sammenstille
dette materialet. Tidlig i prosjektperioden ble det bestemt at NIVA v/Hege Gundersen skulle st3 for
innsamlingen av Norske data mens Arhus Universitet v/Dorte Krause-Jensen skulle samle inn data for
resten av Norden. Det har vaert tett kontakt pa e-post mellom disse to institusjonene, samt Abo
Akademi Universitet v/Christoffer Bostrom og Universitetet i Ggteborg v/Susanne Baden angaende
hvilke data som eksisterer og pa hvilken mate de skal analyseres. | prosjektbeskrivelsen er det
foreslatt at de statistiske analysene skal gjgres separat for Norge og resten av Norden, men gjennom
samtaler har vi kommet frem til at vi heller gnsker a analysere bla skog i «én stor, semlgs modell» for
hver av gkosystemene.
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Gjennom Miljgdirektoratets prosjekt Indeksrevidering (Miljgdirektoratet prosjekt nr. 16040039)
gjorde NIVA og HI en sammenstilling av alle tilgjengelige data pa tare (L. hyperborea og S. latissima)
og alegras. Denne databasen er tenkt gjenbrukt i Blatt-karbon prosjektet, men ma oppdateres for
sommerens feltarbeid i Nasjonalt program for kartlegging av naturtyper. Siste ars registreringer av
alegras og tare fra Finnmark og Mgre og Romsdal har blitt lagt inn i databaser og geografisk
avgrenset i henhold til leveranser i kartleggingsprogrammet. Dette arbeidet er utfgrt av Eli Rinde
(Finnmark) og Trine Bekkby (Mg@re og Romsdal) i synergi med NBFN-prosjektet SEAME (3legras) og
Blatt-karbon (tare og alegras). De to databasene er imidlertid ikke fusjonert enna — dette er arbeid vi
starter pa tidlig i 2018.

For de resterende landene i Norden har Dorte Krause-Jensen, med innspill fra Christoffer Bostrom
fatt god oversikt over tilgjengelige data. Disse ble presentert pa workshopen i november og er
gjengitt i kapittel 4.

Midlene i WP 1 er hovedsakelig brukt til innsamling av data utenfor Norden gjennom en
underleverandgrkontrakt mellom NIVA og Arhus Universitet (NIVA kontrakt nr. 13657), samt
kommunikasjon, diskusjon og noe databasearbeid.

3.2 WP 2: Feltarbeid — karboneksport og deponering

Arbeidet startet opp hgsten 2017 med feltarbeid i Malangen, Troms, med formal 3 adressere task 2.3
- Produksjon av DOC fra tareskogen. Dette arbeidet ble gjennomfgrt i tett samarbeid med KELPEX-
prosjektet, som er et pagdende forskningsprosjekt finansiert av Norsk forskningsrad (NFR, 2016-
2018) og ledet av seniorforsker Eva Ramirez-Llodra (NIVA). Feltarbeidet ble utfgrt hovedsakelig av
Karen Filbee-Dexter (NIVA), Prof. Thomas Wernberg (Univ. Western Australia) og Prof. Morten
Foldager Pedersen (Roskilde Universitet).

For maling av Igst organisk karbon (Dissolved Organic Carbon, DOC) produsert fra tareplanter, ble
tare (L. Hyperborea) inkubert i hermetisk lukkede inkubasjonsposer i perioder fra 12 til 24 timers
varighet, pa ulike dyp (3, 5 og 10 m) under naturlige forhold i havet. Maling av DOC-produksjonen ble
foretatt ved a ta ut sjgvannsprgver fgr og etter inkubasjonene og senere analysere disse vannprgver i
laboratoriet (NIVA lab). | tillegg til DOC-produksjonen ble endring i oksygenkonsentrasjon malt i Igpet
av inkubasjonsperioden med en ‘state-of-the-art’ optisk metode for bestemmelse av oksygen-
konsentrasjon i vann. Pa navaerende tidspunkt er alle vannprgvene analysert for DOC i laboratoriet,
men ikke alle data er ferdig analysert. Saledes gjenstar de ferdige beregninger av DOC-produksjonen
fra tareskogen i Malangen. Disse vil bli utfgrt i starten av 2018. De forelgpige resultatene av
feltarbeidet ble presentert pa workshopen den 16. og 17. november 2017 og en kort oversikt
fremgar av vedlegg A.2

Midlene i arbeidspakke 2 (se Tabell 1 med kostnadsoversikt) for 2017 er brukt til utgifter i forbindelse
med feltarbeid, laboratorieanalyser av vannprgver, samt arbeidstimer til opparbeiding av resultater
og presentasjon av data.
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3.3 WP 3: Karbonkretslop i bla skog

Arbeidet starter opp for fullt i 2018. Saledes har det ikke vaert aktivitet budsjettert pd WP3 i 2017.
Likevel ble en oversikt over ndvaerende kunnskapsstatus for karbonkretslgpet for nordiske bla skog
satt opp, samt et forelgpig karbonregnskap for norsk tareskog (i relative enheter) i forbindelse med
det nordiske arbeidsmgtet. Dette ble presentert for partnere og deltagere pa workshopen den 17.
november 2017 (Figur 2, se vedlegg A.14). En oversikt over transportveier og prosesser hvor vi
mangler betydelig data og empiri i forhold til 8 sammensette et helhetlig og kvantitativt
karbonregnskap for den norske tareskog ble fremlagt (Figur 3).

Does the global budget apply to the Nordic?

% according to Krause-Jensen & Duarte 2016
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Figurer by K Hancke, H Gundersen, GS Andersen un. publ.

Kasper Hanc

Figur 2. Oversiktsfigur og kunnskapsstatus for nordisk bla skog (‘Kelp/Macroalgae’, ‘Seagrass’ og
‘Seaweeds’) og de primaere transportveier for partikuleert (POC) og Igst (DOC) karbon i sjgen.
Omsetningen av karbon i ‘bla skog’ er dominert av opptak av uorganisk karbon, CO,, i plantene;
eksport av POC og DOC fra ‘bla skog’ til det omkringliggende marine miljg; samt ‘returnering’ av
karbon som respirert CO; eller deponert organisk karbon i havbunnen, eller som DOC i
‘verdenshavene’. Tallene i figuren representerer et estimat i prosent av den samlede netto primaer-
produksjon (NPP) i norsk tareskog og dens transport og omsetning.
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Figur 3. Oversikt over transportveier og prosesser hvor vi mangler betydelig med data og empiri i
forhold til 8 sammensette et helhetlig og kvantitativt karbonregnskap for den norske tareskog.

3.4 WP 4: Bla skog nd og i fremtiden — Pavirkninger og muligheter
for forvaltningstiltak

Midlene i arbeidspakke 4 er brukt til timekostnader, knyttet til analysene beskrevet under.

1 2017 er det satt opp et rammeverk for nettverksanalyse av tareskog, alegrassystemer og
tangsamfunn. De skisserte nettverkene er basert pa en gjennomgang av et utvalg relevante
vitenskapelige publikasjoner (hovedsakelig fra 2011 og frem til i dag). En publikasjon ble regnet som
relevant dersom gkologiske interaksjoner mellom aktgrer i de ulike systemene ble beskrevet. En
fullstendig liste vil oppgis i prosjektets sluttrapport.

Innledende analyser ble foretatt ved bruk av QPress-pakken i R (R Core Team 2017, Melbourne-
Thomas J, Wotherspoon S, Raymond B and Constable A 2012). Pakken ble brukt til 4 lage 10.000
simulerte samfunn av 1) Et generelt dlegrassystem, 2) Et generelt tangsamfunn, 3) Sukkertaresystem
sgr i Norge (ikke utsatt for beitepress fra krakebolle), 4) Sukkertaresystem nord i Norge (utsatt for
beitepress fra krakebolle) og 5) Stortareskog. (Se presentasjon i Vedlegg A.5 for en oversikt over den
generelle fremgangsmaten)
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Figur 4. Forelgpig diagram som viser grunnlaget for QPress-analyser av alegrasnettverk. Linjene
mellom boksene representerer interaksjoner mellom aktgrer i nettverket. Symbolene indikerer om
pavirkningen er positiv eller negativ. En pil betyr at gkning i aktgr 1 fgrer til en gkning i aktgr 2 (altsa
en positiv interaksjon). En strek med en kule indikerer at en gkning i aktgr 1 fgrer til en reduksjon i
aktgr 2 (altsa en negativ interaksjon). Interaksjonen kan ga begge veier, noen ganger med motsatte
fortegn. De fleste organismer har ogsa en eller annen form for selvregulering, og dette er vist ved en
sirkel med kule.

Pa workshopen i november presenterte vi forelgpige resultater for QPress-analyser av
alegrassamfunn, der de 10.000 alegrassamfunnene ble utsatt for en simulert gkning i temperatur og
reduksjon i lysgjennomtrengelighet i vannsgylen. Tilsvarende er utfgrt for de andre systemene. | en
overveiende andel av simuleringene hadde en gkning i temperatur og en reduksjon i lysgjennom-
trengelighet i vannsgylen en negativ effekt pa alegraset (se Figur 5). Ved a se neermere pa hva som
skiller alegrassamfunnene som var mer robuste ovenfor endringene (altsa de som beholdt stabile
alegrasforekomster) fra de som ble negativt pavirket kan vi laere noe om hvilke gkologiske samspill
som er viktige for at dlegrasenger skal kunne takle klimaendringer. Forelgpige analyser
(RandomForest-analyser, Liaw and Wiener 2002) viser viktigheten av beiteorganismer og samspillet
mellom de ulike trofiske nivaene (se Figur 6).
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Figur 5. Figuren viser effekten av en gkning i temperatur og lysgjennomtrengelighet pa det
gkologiske systemet som helhet (basert pa nettverket vist i Figur 4). Fargene indikerer antallet
simuleringer som ga gkning (rgd) eller reduksjon (bla) i hver aktgr som respons pa det samlede

presset.
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Figur 6. Figuren viser hvilke interaksjoner som skiller de simulerte alegrassamfunnene som er robuste
ovenfor gkt temperatur og redusert vannklarhet fra de mindre robuste.

| henhold til tidsplanen for prosjektet skal endelige resultater fra QPress-analysene foreligge i 2018
0g 2019. Frem til det vil bade nettverk og relative forhold mellom ulike press justeres i henhold til ny
kunnskap og fremtidige klimaframskrivninger. Dialogen med vare nordiske samarbeidspartnere som
ble etablert pa workshopen vil vaere viktig i denne sammenhengen. Kartlegging og teoretisk testing
av mulige forvaltningstiltak for bla skog vil utfgres og sammenstilles i 2019.
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3.5 WP 5: Formidling

Det ble gjennomfgrt oppstartsmgte med relevante fagpersoner i Miljgdirektoratet 8. september
2017.

Den 16-17. november 2017 ble det gjennomfgrt en workshop med relevante forsknings- og
forvaltningsmiljger. Tittelen for workshopen var «Status of knowledge for Nordic carbon cycling in
blue forests». Workshopen hadde fglgende malsetninger:
o Kick-off mgte for Blatt-karbon prosjektet og a introdusere og forsterke samarbeid med
prosjektpartnere og relevante forvaltningsmyndigheter
e Gien oversikt over kunnskapsstatus for karbonkretslgp i bla skog per dags dato for de
nordiske land
e Lage oversikt over tilgjengelig data pa distribusjon, biomasse og GIS-modeller i de nordiske
land (input til WP 1)

Tilstede pa mgtet var Klima- og miljgdepartementet, Miljgdirektoratet, NIVA,
Havforskningsinstituttet, GRID-Arendal, Aarhus Universitet (Danmark), Abo Akademi Universitet
(Finland), Havs- og Vattenmyndigheten (Sverige), Fylkesmannen i Aust-Agder og Aust-Agder
fylkeskommune (se deltagerliste i Vedlegg B).

Referat fra workshopen og presentasjonene fra hvert foredrag er gitt i kapittel 4 og i vedlegg A.

Midler brukt i denne arbeidspakken (se Tabell 1 med kostnadsbudsjett) er knyttet til planlegging av
workshop 16-17 november (timekostnader) og dekning av utgifter i forbindelse med workshopen
(eksterne kostnader; reiseregninger, mat osv).

| 2018 skal forelgpige resultater fra prosjektet presenteres pa en relevant nasjonal/nordisk
konferanse. | 2019/f@rste halvdel 2020 skal det lages en sluttrapport (pa engelsk),
populaervitenskapelige sammendrag, ulike produkter (poster, faktaark) og det skal arrangeres et
sluttseminar med Miljgdirektoratet og andre relevante forsknings- og forvaltningsmiljger.
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4 Workshopreferat fra 16. og 17. november 2017

Referat: Workshop «Kunnskapsstatus for nordisk karbonkretslgp i bla skog.

Sted: Miljgdirektoratet

Tilstede: Klima- og miljgdepartementet, Miljgdirektoratet, NIVA, Havforskningsinstituttet, GRID
Arendal, Aarhus Universitet (Danmark), Abo Akademi Universitet (Finland), Havs- og
vattenmyndigheten (Sverige), Fylkesmannen i Aust- og Vest-Agder og Aust-Agder Fylkeskommune
(30 deltakere; se deltagerliste i Vedlegg B).

Den 16. november ble giennomfgrt med engelsk som hovedsprak, den 17. november med norsk som
hovedsprak. Referatet fglger samme mal, og er i hovedsak skrevet pa engelsk for den 16. november
og pa norsk for den 17. november. | dette kapittelet gis det en kort oppsummering av hver
presentasjon og pafglgende diskusjon, mens presentasjonene er gitt i Vedlegg A.

4.1 Agenda

Nummer foran presentasjoner viser til rekkefglge for beskrivelser i dette kapitlet og i Vedlegg A

Thursday 16. November
Welcome and introduction to the project
1. Welcome, background for the project and applicability of the results
2. Introduction to the project and outreach activities (WP5)
3.  WP1. Distribution and biomass of blue forests in the Nordic countries
4. WP2. Fieldwork — kelp carbon export and sequestration and
WP3. Carbon cycle of blue forests
5. WP4. Blue forests now and in the future — pressure and possibilities for management measures
The global picture: Blue carbon policy and role in the carbon cycle
6. Blue forests in a global policy context
7. Integrating mangroves into REDD+: challenges and opportunities
8. Role of macroalgae in the global carbon cycle
The Nordic picture: Todays knowledge on blue forests distribution and data availability
9. Balticregion
10. Denmark and Greenland
11. Norway
12. Norwegian GIS-models

Friday 17. November

Kan tarekarbon inkluderes | karbonregnskapet

13. Prinsipper og kunnskapsgrunnlag for regnskap for utslipp og opptak av klimagasser — basert pa
sektor for skog og annen arealbruk

14. Etforelgpig karbonkretslgp for tare i Norge

15. Diskusjon om kunnskapsgrunnlaget for tarekarbon og muligheter for a inkludere dette i
regnskap for utslipp og opptak av klimagasser

Pavirkningsfaktorer og muligheter for forvaltningstiltak for bla skoger

16. Forvaltningens behov knyttet til overvaking og bevaring av de bla skogene

17. Forelgpig resultater fra nettverksanalyser av bla skog

18. Diskusjon om nettverksanalyse som verktgy, pavirkninger og muligheter for forvaltningstiltak i
bla skog.

Mapping data for use in WP1

19. Presentation of possible analysing techniques based on existing data
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4.2 Oppsummering av presentasjoner og diskusjon

Thursday 16. November

1. Welcome and status of knowledge for Nordic carbon cycling in blue forests (Vedlegg A.1)

Solrun Figenschau Skjellum, Norwegian Environment Agency (NEA), Norway

All participants were welcomed to the kick-off workshop of the NMR project and then a short blue
forests history was presented. The NEA started working with blue carbon-related topics in earnest in
2013, which received further attention when mangroves were included in the IPCC Guidelines for
national greenhouse gas inventories through the Wetland supplement, also in 2013. NEAs work on
blue carbon is related to national policy and priorities, as laid out in the recent Norwegian white
papers and strategies for blue growth and bioeconomy. Funding became available in 2017 through
Norway’s chairmanship of the Nordic Council of Ministers (NMR), and the flagship project on “The
Ocean and blue bioeconomics”. The contract for the present project on blue carbon was awarded to
NIVA in July 2017. NEAs expectations for the project is to bridge existing knowledge gaps, assess the
long-term storage of carbon in Nordic macro vegetation and to provide the knowledge basis for
inclusion in the national Nordic inventories.

The Norwegian national climate goals are to reduce greenhouse gas (GHG) emissions by at least 40%
by 2030 (compared with the 1990 level) and that Norway will be climate neutral by 2030. Norway has
adopted a legally binding target of being a low-emission society by 2050 (reduce 80-95 % compared
to 1990). GHG emissions from deforestation and forest degradation in developing countries will be
reduced in ways that contribute to sustainable development. For climate adaptation, the national
goal is that Norway will prepare for and adapt to climate change. We are looking forward to the
workshop over the next two days, to get an overview of where we stand today. We are also looking
forward to the workshop at the end of the project in 2019 where we will see what we have learned
over the next three years.

2. Introduction to Blue Carbon project (Vedlegg A.2)

Helene Frigstad, Norwegian Institute for Water Research (NIVA)

The project Blue carbon — climate adaptation, CO, uptake, and sequestration of carbon in Nordic blue
forest, was presented. The aim is to create an updated overview of the carbon cycle of kelp, eelgrass,
and rockweed in Nordic marine waters. The “Blatt-karbon” project is a three-year project, funded by
the Norwegian Environment Agency, through the Nordic Council of Ministers. The project is lead by
NIVA, in cooperation with IMR, GRID-Arendal, (all partners in the Norwegian Blue Forests Network),
Aarhus University, Abo Akademi University and Gothenburg University. The different work packages,
project leaders, time schedule, communication and outreach and deliverables for 2017-2020 were
presented, together with WP 5: Communication and outreach, which H. Frigstad is leading with all
project members as participants. The aim is to facilitate dissemination of the results from the project
to relevant management bodies and research environments, both nationally and to the Nordic
countries. The deliverables for 2017 to 2020 was presented.

3. WP 1: Distribution and biomass of blue forests in the Nordic countries (Vedlegg A.3)

Hege Gundersen, Norwegian Institute for Water Research (NIVA)

The aim of this work package was to get an overview of existing data of blue forests in the Nordic
countries, compile them, and make distribution maps.
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During the workshop we got a good overview of finalized and ongoing Nordic projects where
relevant data have been sampled (see point 9 and 10, Chapter 4.2). However, some of these data are
not yet published and thus not accessible for our purpose.

We all agreed to aim for one seamless Nordic model for each of the ecosystems. However, if we find
that our data are of different kind (density classes, presence/absence, or absence only), we might
anyway split the analyses up in regions.

Although we might get access to some good data on biomass, this will likely not be sufficient to
model biomass as such. Instead we will estimate the biomass for different regions and species, using
existing literature combined with the distribution maps we create. This will be done first half of 2018.
Also the calculation of biomass from associated flora and fauna will be done in this way. Deliveries
from this WP is:

e GIS maps of predicted distribution of kelp (L. hyperborea and S. latissima), probably also for L.
digitata if we get enough data, and seagrass and rockweed (input to WP3).

e GIS maps of estimated biomass of kelp, seagrass, and rockweed (input to WP3)

e Estimated carbon content of blue forests per management unit (country, county, municipality)

e Estimated carbon content of flora and fauna associated with blue forests (per management unit)

e Contribute to reports, seminars and popular science and scientific publication.

A question came up after the talk, regarding the use of substrate data from Finnish waters or other
places it might be available. We concluded that although these data are indeed highly appreciated,
we cannot use them in our models, since they only cover a small part of our study area. Instead we
will use full cover proxies like curvature and slope, derived from bathymetry.

4. WP 2: Fieldwork — kelp carbon export and sequestration (Vedlegg 4a)

and WP 3: Carbon cycle of blue forests (Vedlegg 4b)

Kasper Hancke, Norwegian Institute for Water Research (NIVA)

This presentation gave an overview of the current status of WP2 and WP3, and how the progress is
planned for completing the two work packages. WP2 is focused on fieldwork to fill the empirical
knowledge gaps and quantify missing key values in the Nordic carbon cycle, with significance for
carbon storage in the Nordic kelp forest.

Major tasks are:

2.1 - Quantification of kelp detritus that sediment on the seafloor. Fieldwork is planned in the
Trondheimsfjord region during spring-summer-fall 2018 (input to WP3) in collaborating with other
ongoing project of relevance. A preliminary modelling approach to quantify sedimentation of kelp
organic matter is shown in Figure 1 in Vedlegg A.4a.

2.2 - Degradation rates and long-term storage of kelp organic matter in sediments. Fieldwork in the
Trondheimsfjord region where sediment cores will be collected to quantify kelp organic matter
degradation and sequestration (burial of organic matter deep in seafloor sediments). Duration: in
spring-summer-fall 2018 (input to WP3).

2.3 - Production of Dissolved Organic Matter (DOC) in kelp forests. Work in progress, samples are in
the lab from fieldwork from August 2017. There are only a very few articles on this and robust
guantitative estimated of DOC production and export is needed for quality carbon budgets of blue
forests.

The deliverables from work package 2 are quantitative estimates of 1) carbon sedimentation on the
seafloor, 2) carbon decomposition and sequestration, and 3) empirical data on dissolved organic
matter production in kelp forests. Collected data will provide for an updated carbon budget, as input
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to WP3. The WP will contribute with reports, to the final workshop, and to popular science
publications and data for scientific publications.

In work package 3: Carbon cycle of blue forests is about updating the marine carbon budget and
pathways, including a budget of the uptake, export, and sequestration of marine carbon in
Norwegian Blue Forests. The work package will provide for collected data on:

Task 3.1: Net primary production and CO, uptake in kelp, rockweed, and seagrasses.

Task 3.2: Export of kelp forest carbon and transport of these organic carbon components locally and
offshore, to understand their fate and role in the marine carbon cycle.

Task 3.3: Carbon sequestration in coastal and deep sea regions based on empirical data collected in
WP2 and literature values for Nordic (preferred) or global kelp communities.

Task 3.4: An update of the carbon budget for the Norwegian Blue Forest. This task will focus on
synthesizing an up-to-date carbon budget for Norwegian kelp forest including estimates of the
organic carbon sequestration and ‘permanent’ depositing of kelp carbon from coastal kelp forests.
Deliverables for wp3: 1) Quantitative estimates of the carbon uptake and export from kelp forests. 2)
Total carbon budget for the Norwegian kelp forest. 3) Total carbon budget for the Nordic Blue Forest
4) Data for WP4. 5) Contributions to reports, final workshop and popular science publications and
data for scientific publications.

After the presentation Maria (Grid-Arendal) commented that she is leading a Blue Forests project
(SEAME) together with IMR on seagrass and carbon sequestration, and was wondering how these
data may be included. In addition, KELPEX (NIVA-IMR) together with BURSE (IMR-UiO) may add
valuable data on kelp sequestration from the Malangen region.

5. WP 4: Blue forests now and in the future — pressure and possibilities for management measures
(Vedlegg A.5)

Guri Sogn Andersen, Norwegian Institute for Water Research (NIVA)

The basic idea behind WP4 is to apply network analysis to better understand the ecological
relationships and pressures in blue forests today and in the future. To understand how all the
different ecological relationships add up to a system response, to identify potential management
measures aimed at protecting the blue forests, and to test these measures within a theoretical
framework.

The work-package is divided into four tasks within the following timeframe:

4.1 — Schematic representations of ecological interactions and impacts in blue forests — within 2017
4.2 — Establish QPress models that describes the current systems — within 1. Quarter of 2018

4.3 — Model pressures according to expectations for future environmental change — within 2018

4.4 — Model possible management measures — within 2019.

The work package is on schedule, the models are established and are easily updated with new
information. Guri presented some simplistic network diagrams with the most important
relationships, relevant to the Nordic areas. She then continued to give a brief overview of the QPress
method, its benefits and limitations.

The results from the different simulations are not accurate by themselves. However, compiled their
great number provides a general overview of the characteristics of the different systems, and the
direction the systems (described by the network diagram) move when subjected to different
pressures. This knowledge will provide useful insight for management, but must be interpreted with
caution. The full complexity of the systems will never be captured by simplistic network diagrams,
and hence nor will the responses to pressures. The results will therefore be discussed with partners
with experience from different countries with expertise covering different ecological systems, to
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ensure the greatest possible foundation for interpretation. The aim is to provide a foundation for
future management strategies to be built on.

6. Blue forests in a global policy context (Vedlegg A.6)

Steven Lutz, GRID-Arendal

Steven Lutz presented the blue forests in a global policy context, and detailed some international
projects on coastal blue forests/blue carbon and the carbon storage potential of ocean ecosystems.
Although blue forests occupy less than 0.5% of the world’s ocean surface area, these coastal
ecosystems are estimated to bury nearly 70% of the carbon sequestered in the oceans. Blue forests
are believed to be vitally important for climate mitigation and adaptation.

The UN Environment Blue Forests Project is a global initiative focused on harnessing the values
associated with coastal carbon and other ecosystem services to achieve improved ecosystem
management and support climate resilient communities. The project is executed by GRID-Arendal
and is supported by funds from the Global Environment Facility and partners worldwide. Project sites
are located in the Americas, Asia, Africa, and the Middle East. Steven presented several examples,
see presentation in Vedlegg A.6 (slide presentation titled: ‘International Blue Carbon+’). For example,
Steven illustrated how blue carbon initiatives can contribute to achieving 15 of the 17 UN Sustainable
Development Goals (SDGs) and that many nations are recognizing the value of blue forests for
climate change adaptation and mitigation in their climate pledges to fulfil the Paris Agreement.
Steven related some notes from COP 23 side events, including Vladimir Ryabinin, Executive Secretary
I0C, Assistant Director General of UNESCO who stated that “Kelp carbon needs to be advanced just
like to other coastal blue carbon ecosystems" and that Ronny Jumeau, Permanent Representative to
the United Nations, Ambassador for Climate Change, Republic of Seychelles who stated that “fish
carbon is an opportunity for Small Island Developing States to get the oceans in their Nationally
Determined Contributions (NDCs) to the Paris Agreement”. Through the UN Environment Blue
Forests Project, blue carbon is providing a triple win: for climate, biodiversity and communities.
Steven also presented the rationale behind the concept of ‘fish carbon’, a concept recognizing the
potential role of marine vertebrates in climate change mitigation.

Steven identified some potential Norwegian opportunities to advance blue forests, for example
developing mangroves under REDD+, supporting oceanic blue carbon science, supporting countries
incorporate blue forests/blue carbon into their NDCs to the United Nations Framework Convention
on Climate Change (UNFCCC) including the incorporation of blue forests (kelp and seagrass) in Nordic
NDCs.

7. Integrating mangroves into REDD+: challenges and opportunities (Vedlegg A.7)

Elizabeth Selig, Norwegian Institute for Water Research (NIVA)

The Norwegian Blue Forests Network (NBFN) is a cooperation between NIVA, GRID-Arendal, and IMR
to mobilize Norwegian expertise for the sustainable management of blue forests ecosystems in
Norway and beyond. NBFN raises awareness in Norway on the importance of blue forests, conducts
research on their role in climate change mitigation and other ecosystem services, develops and
executes joint research projects, and support the Norwegian blue forests policy and research agenda.
Recently, NBFN worked with the Norway’s International Climate and Forest Initiative and Norad to
host an expert workshop on integrating mangroves into REDD+ (Reducing Emissions from
Deforestation and Forest Degradation). Workshop participants identified several key categories of
challenges for integrating mangroves into REDD+, including social barriers (e.g. lack of analytical
capabilities within specific regions); policy barriers (e.g. unclear tenure in mangrove areas and
jurisdictional controls); market-based barriers (e.g. access to carbon markets, how to structure
benefit sharing schemes); and monitoring barriers (e.g. complexity with soil depth measurements).
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Several challenges are shared with tropical terrestrial forests, but mangroves also present unique
challenges, particularly with monitoring and economic value of multiple ecosystem service benefits.
These challenges can be overcome as the importance of the values outweigh the existing barriers.
Social and cultural issues are embedded in many of the challenges to integrating mangroves into
REDD+, although there are identified interventions and potential solutions that can be used to
overcome these. Many of these solutions are similar to those that have been implemented in
terrestrial forests, but innovations will be needed for some social, economic, and monitoring
challenges.

8. Role of macroalgae in the global carbon cycle (Vedlegg A.8)

Dorte Krause-Jensen, Aarhus University

Knowledge on marine macrophytes as a global C-sink was presented. It was highlighted that
macroalgae have until recently been largely neglected as C-sinks because they grow on rocky shores
where material does not accumulate. However, macroalgae represent the the globally most
productive marine forests and there is a new focus on macroalgae as C-sinks in international
literature as it is realised that part of the large export of material from macroalgal forests contribute
to oceanic C-sinks elsewhere. A first-order budget shows that macroalgae support globally important
C-sequestration, which doubles previous C-burial estimate of marine forests. There is now a need for
more field evidence to verify and fine-tune this budget. The presentation further showed that being
hotspots of productivity, macroalgal forests take up so much carbon when illuminated through the
long Nordic summers that they locally increase pH and thereby also offer potential refuges against
ocean acidification. These roles of macroalgal forests as C-sinks and refuge against ocean
acidification imply that sustainable management of macroalgal habitats offer opportunities to
mitigate and adapt to climate change in addition to supporting ecological quality.

The Nordic picture: Today knowledge on blue forests (kelp, eelgrass, rockweed) distribution and
data availability

9. Baltic region (Vedlegg A.9)

Christoffer Bostrém, Abo Adademi Universty

The Seagrass Blue Carbon Work in the Baltic Sea Region, density and biomass from different regions,
study regions and sampled sites was presented, the total organic carbon stocks and carbon density
profile from Finland and Denmark. A provenance analysis of sources accumulating carbon and 10
different environmental variables explaining organic carbon stocks. Different models were used.
Blue carbon storage capacity of Zostera marina, from a global survey (ZEN) was presented, with
storage, drives, sources and context. The project study area and methods, eelgrass sediment carbon
stocks and sources, region specific variability in carbon storage capacity, sediment variables
explaining eelgrass sediment carbon. Different models were used to show the importance of
environment drivers for carbon, and importance in the global context, A model to help
understanding the eelgrass foodweb was shown. A map with seabed habitats from EMODnet map
and data available from Helcom was shown.

10. Denmark and Greenland (Vedlegg A.10)

Dorte Krause-Jensen, Aarhus University

Today’s knowledge on blue forests distribution and data availability in Denmark and Greenland was
presented. Coarse estimates on area cover are available for Danish and Greenland marine forests.
There will be better estimates for Danish eelgrass meadows by end of 2018 and better estimates for
Greenland marine forest around 2019. There is a lot of data available for ground truth models.
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11. Norway (Vedlegg A.11)

Frithjof Moy, Institute of marine research, Research station Flgdevigen

Today’s knowledge on blue forests distribution and data availability on kelp, eelgrass and rockweed
in Norway was presented. Most of Norwegian coastline is rocky shores and Norway has the largest
kelp forests of Europe. Shallow soft bottom is relatively rare. The national mapping programme of
marine biological biodiversity (2007-2019) data are the best measures of kelp forest (L. hyperborea)
and eelgrass in Norway. The data is available from www.naturbase.no. There is a gap between
modelled and observed distribution and there is a need for abundance measures from different
regions of Norway.

12. Norwegian GIS-models (Vedlegg A.12)

Hege Gundersen, Norwegian Institute for Water Research (NIVA)

GIS models for use in Norway was presented:

1. NIVA has available depth models (DEMs) at a spatial resolution of 25m from the Norwegian
Mapping Authorities.

2. The DEM has been derived for a long range of different terrain variation indices, such as slope,
curvature, hillshade, aspect, and openness — all at 25m resolution. These are variables that might
be able to separate hard from soft sediment and thus function as proxies for substrate.

3. A wave exposure index model (SWM) has been developed by NIVA at a spatial resolution of 25m
for the whole of Norway. The model predicts the wave exposure at the sea surface.

4. Wave exposure at the seabed (bedSWM, 25m) has recently been developed by NIVA from the
SWM using algorithms for wave reduction with depth.

5. Current speed (including averaged salinity and temperature) is available from the NORkyst800
model at a spatial resolution of 800 m for the whole coast. Models exists for mean, median, min,
max 90 percentile and standard deviation for both surface and seabed. Higher resolution current
models (160m or finer) is available for certain parts of the Norwegian coast through the National
program for mapping of biodiversity - coast.

6. Light level at the surface (surfPAR) and light attenuation index (KdPAR) for the whole of Europe
at a spatial resolution of approximately 220m. From the EU project EMODnet Seabed Habitats
(NIVA v/Trine Bekkby Norwegian is partner).

7. Light percentage and light level at the seabed (bed Perc and bedPAR, respectively) for the whole
of the Norwegian coast at a spatial resolution of 25 m downscaled from the coarser surface light
and light attenuation model from the EMODnet Seabed Habitats model.
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Friday 17. November

13. Prinsipper og kunnskapsgrunnlag for regnskap for utslipp og opptak av klimagasser —

basert pa sektor for skog og annen arealbruk (Vedlegg A.13)

Ellen Bruzelius Backer, Miljgdirektoratet

Det ble presentert noen refleksjoner rundt prinsipper for fgring av et utslippsregnskap (illustrert
gjennom eksempler fra Skog og annen arealbruk), aktivitetsdata og utslippsfaktorer. Nar man fgrer et
utslippsregnskap ma det utfgres etter internasjonalt anerkjente metoder. IPCC ‘national guidelines’
(GL) har en regelbok med strukturer for hvordan vi skal levere regnskap, dette er et regelverk som
alle land ma fglge. Tare inngar ikke i dette regelverket, sa for a inkludere tare i et utslippsregnskap
ma man f@rst fa pa plass en internasjonal metode med enighet om hvordan dette skal gjgres.

Norge leverer regnskap med arlig rapportering noe som betyr at an trenger arlig innsamling av data.
Det ma fremkomme klart hva som er forvaltet og hva som ikke er forvaltet areal, siden flukser pa
grunn av naturlige prosesser ikke skal inkluderes i regnskapet. All skog i Norge regnes som forvaltet.
For regnskapet er det fluksene som er viktig, ikke lager av karbon. Modeller brukes i rapporteringen,
men det skal klart fremkomme hva som males og hva som beregnes.

Det ble stilt spgrsmal om behovet for arlig rapportering og Miljgdirektoratet presiserte at de ma
levere arlige aktivitetsfakta. Regnskapene blir i utgangspunktet revidert hvert ar. Men selv om det er
arlig rapportering til FN sa har de en flerarig forpliktelse, denne perioden strekker seg over 8 ar og
neste forpliktelsesperiode vil ga fra 1921-30, dvs. en ti ars periode med et stopp halvveis etter fem ar
med bokfgring, det betyr at man har noen ar pa seg til 8 hente inn, oppdatere og korrigere
informasjon. Norge har forpliktet seg til oppgjar i slutten av forpliktelsesperioden og henter da ikke
data for alle felt hvert ar, men sikrer at det blir riktig pa slutten av perioden.

Dette kan ogsa vaere aktuelt hvis man gnsker a rapportere tare.

Det ble diskutert om det finnes paralleller mellom tare og skog og annen arealbruk, kan man
sammenligne tare med gress og alegras med tilhgrende sedimenter med rgtter? Kan man
sammenligne sediment med jord? Jord har stor karbonbeholdning, men ikke sa store flukser. Dyrket
mark og beite er forvaltet og alle fluksene er med, men de arlige vekstene er ikke med i regnskapet,
da de tar opp like mye om varen som de slipper ut om hgsten. Hva skjer med taren nar den rives av,
blir den da i norsk territorium? Hva slags karbonbeholdning har man med i regnskapet?

Geografisk omfang, representativitet, arlig oppdatering og avgrensning er viktige data sammen med
informasjon om utslippsfaktorer. Forelgpig er det mye usikkerhet som ma handteres, flukser, hvilken
lagre er relevante og geografisk avstand av lagre.

Det ble ogsa diskutert hvordan fa oversikt over forvaltet tare og hvorvidt klimaeffekter kan innga i
regnskapet, eller om restaurering av et gdelagt sukkertareomrade inngar. Nasjonalparkene inngar i
et vern og er forvaltet. Dyrking av tare er forvaltning. Det foreligger arlige uttakstall pa hgsting av
tare, som kan innga i et regnskap over menneskelig inngripen. Utbygging av en bathavn er pavirkning
og menneskelig inngripen. Det ble ogsa diskutert litt rundt tareplanter og langtidslagring i sediment.
Tareprodukter kan muligens ogsa trekkes inn i regnskapet.

Det er generelt viktig a kunne forklare hvorfor man anser et areal som forvaltet eller ikke forvaltet.
Regnskapet inneholder fluksene, det vil si utslippene og opptakene. Vi beregner lagrene, men det er
fluksene som skal inn i regnskapet.
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Det er viktig a fa oversikt over hvordan man skal handtere datainnsamlingen til et eventuelt
utslippsregnskap for tare, eksempelvis hvor mange prgveflater man trenger for a fa et representativt
nasjonalt bilde og hvordan man kan legge opp et system for a fa inn arlige data.

Det ble mye diskusjon rundt ulike elementer av et eventuelt utslippsregnskap for tare, og
Miljgdirektoratet klargjorde at de gnsker seg et bedret kunnskapsgrunnlag gjennom dette prosjektet.
Det var enighet om at det er behov for en videre diskusjon mellom forskerne som jobber med
karbonkretslgpet til tare og ekspertene som jobber med utslippsregnskapet. Det er behov for a fa
mer informasjon om blant annet hvilke parametere som er viktigst, hva som skal ansees som
forvaltet/ikke-forvaltet, datainnsamlingsmetodikk og tilknyttet usikkerhet.

14. Et forelppig karbonkretslgp for tare i Norge/Carbon pathways for Nordic kelp forest

(Vedlegg A.14)

Kasper Hancke, Norwegian Institute for Water Research (NIVA)

This presentation was about the status of knowledge for the kelp carbon budget. The work is just
started and hopefully the project will give the answer in 2019. The presentation highlighted several
contributing projects and a short introduction of key personnel was presented. The kelp forest has
undoubtedly an ecological value, but the potential for kelp forests to sequester carbon has only
recently been acknowledged. The review by Krause-Jensen and Duarte (2016) show that macroalgal
systems represents a potential to sequester carbon equal to that of terrestrial forest. To illustrate,
the figures from Dorthe’s paper was applied to the conceptual model of the Blue Forests Carbon
pathways of Nordic waters and the exercise for the next 3 years is to try is to validate these (figures
are given in Vedlegg A.14). The KELP-Fate and KELP-float (NIVA projects) modelling study from the
KELPEX area in Malangen was presented. Different transport mechanisms act on different sized
particles from large plants to small particles and on the transport distance. The KELPEX-project was
briefly presented and the BURSE-project (NBFN-HI) will this year take core samples for carbon
sequestration in the sediments. WP2 in this project will do sediment cores in the Trondheimsfjord
next year. Hopefully all the activity will bring knowledge to the major Blue Forests Carbon pathways
of Nordic waters.

15. Diskusjon om kunnskapsgrunnlaget for tarekarbon og muligheter for a inkludere dette i
regnskap for utslipp og opptak av klimagasser (Vedlegg A.15)

To structure the discussion Kasper Hancke presented some «Blank spots» in the conceptual model
for the Blue Forests Carbon pathways of Nordic waters (Figur2 and 3, last slide Vedlegg A.14). Paper
copies of the conceptual carbon cycle of kelp were handed out to the participants for everyone to
take notes on or return with comments and suggestions.

High variability in kelp distribution and abundance, including different species needs to be taken into
account. Kelp is an important vegetation in Norway and Greenland. Eelgrass and rockweed are
important vegetation in Kattegat and the Baltic. This will become apparent and quantified by WP1.
Premises for international carbon reporting and the fluxes measured were discussed. Are carbon
fluxes comparable for terrestrial forest and blue forest? It is important to distinguish between annual
fluxes, changes in pools of standing carbon biomass, or carbon transported in and out of the system.
Approaches were discussed to compare with current terrestrial carbon budget calculations. Annual
production of kelp was compared to terrestrial weed production. The kelp forest builds up biomass
of carbon as it growth and expands. Export of fragmented kelp (leafs etc.) can be transported out of
the upper layers and represents a potential for permanent sequestration of kelp carbon. It was
discussed how far these fragments have the potential to be transported, and if we could consider all
of the export to be sequestered within Norwegian territorial waters. There is a need for international
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agreements on how blue forests should be accounted for. International rules and laws have to be
agreed upon for a carbon reporting system to work across national borders.

Could the change in biomass be used as a measure for carbon sequestration, with a default factor
used to convert biomass to sediment storage? Reduction in stock is a release of carbon, the same will
account for kelp. Terrestrial forest inventory is made yearly from measurement in representative
panels. Current monitoring of kelp could be used carbon reporting if there is international
agreement. Kelp forest is monitored yearly in Norway by both IMR and NIVA. This monitoring
program could be redesigned for a carbon budget purpose. In Sweden monitoring mainly on seagrass
is done by diving. However, innovative technical solution such as drones are emerging techniques.

A tree that falls is moved from living biomass to dead biomass. In kelp ecosystem, ‘storm fell’ of
organic carbon is much larger than in the terrestrial ecosystems and may play an important role in
the transport of carbon. Natural disturbances in terrestrial forest (storm fell, fire) is not taken into
account. What about storm fell in kelp forest, how to account for this natural process, that is
important for carbon sequestration? Blue forests could be included in National Determined
Contributions (NDC), even without an established system for carbon reporting.

Pavirkningsfaktorer og muligheter for forvaltningstiltak for bla skoger

16. Forvaltningens behov knyttet til overvaking og bevaring av de bla skogene (Vedlegg A.16)
Katrine Skjajaa Gunnarsli, Miljgvernavdelingen, Fylkesmannen i Aust- og Vest-Agder
Forvaltningens behov knyttet til de bld skogene ble presentert i lys av de lover og forskrifter
forvaltningen ma forholder seg, samt at det er flere etater som har myndighet i kystsonen og med
det flere lovverk og forskrifter som skal spille sammen. Det ble vist til flere utredninger i forhold til
tema kyst. Formalet er baerekraftig samfunnsutvikling, lovverk har som formal a sikre at offentlige
avgjgrelser ikke forringer miljget, det biologiske mangfoldet, eller fgrer til forurensning, men ogsa
legge til rette for verdiskaping / naeringsutvikling. Samtidig har etatene ansvar for opprydning av
tidligere synder, tiltak og habitat restaurering, hvor planprosesser er viktige. Forvaltningens oppgaver
har endret seg fra art- og naturtypeforvaltning til gkosystemforvaltning, dvs fokus pa helhet og
baerekraft, og dette krever kunnskap om komplekse forhold. Kunnskapen ma ogsa veere lett
tilgjengelig. Sett fra forvaltningens side var rapporten «Vurdering av tiltak mot bortfallet av
sukkertare» sveert nyttig da konkrete tiltak ble vurdert.

Vannforskriften et viktig verktgy for helhetlig og gkosystembasert forvaltning av alt vannmiljg i Norge
og resten av Europa. Miljgtilstand fastsettes primeert ved bruk av biologiske kvalitetselementer.
Malet er at alle vannforekomster skal ha god gkologisk tilstand innen 2021. Men Katrine
understreket at det kan se ut som kystvann ofte blir litt glemt i de regionale planprosessene og i
tiltaksprogrammene.

Forvaltningen er ogsa opptatt av naturens sarbarhet. | kystvannet er det plukket ut 11 viktige
naturtyper, og tareskog og alegras er selvfglgelig med.

Kunnskap er viktig for forvaltning av bla skog, og forvaltningen trenger a vite mer om trusselbildet og
gkosystemtjenestene.

Forvaltningen gnsker en felles kunnskapsplattform med entydige svar, hva det er viktig a bevare,
konsekvenser, positive effekter og hva som pavirker negativt. Forskningenes dilemma er at det ikke
finnes klare ja- nei svar, men forvaltningen gnsker seg likevel dette.
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Spgrsmal:

Etter foredraget ble det stilt flere spgrsmal knyttet til Vannforskriften og klassifiseringssystemet:
fastsettelse av gkologisk tilstand, fastsettelse av grenseverdier f.eks. nedre voksegrense for alegras.
Det ble diskutert at det er viktig a forbedre klassifiseringssystemet nar kunnskapen blir forbedret.

Elementer som ble diskutert var:

-Malet er God gkologisk tilstand innen 2021, hva skjer om man ikke klarer a oppna malet. For noen
omrader er ikke dette malet mulig. Ifglge forskriften er det mulighet for a legge inn utsettelse hvis
man ikke har kunnskap nok, tiltak er altfor dyrt, eller man ikke vet hva man kan gjgre for a forbedre,
sa for disse tilfelle er det satt utsettelse til neste planperiode, og plan for a jobbe for a fa mer
kunnskap. En planperiode er 6 ar. Det ma imidlertid rapporteres en god grunn for a fa en utsatt frist.

-Forvaltnings/tiltaksplaner for Tareskog/alegras: Planene forvaltningen har, bygger pa eksisterende
kunnskap, bl.a. fra naturtypekartleggingen og her ligger det lite informasjon om tareskogen er
redusert eller er borte fra et omrade. Det rapporteringen viser i dag, er at ytre kyst har sveert god til
god tilstand. Forvaltningen gnsker seg mer grundige kartlegginger i fremtiden og gnsker en oversikt
over hvor tare skulle veert tilstede (modellert utbredelse basert pa kriterier for hvor taren vokser) slik
at man kan fa vite om bortfall av tare i et omrade og a verifisere utbredelsen.

-Ekspertradet for gkologisk tilstand — mener at det ikke er behov for forbedringer da vannforskriften
er god nok eller at det allerede er et system pa plass. | forvaltningsplanene er det kun havomradene
utenfor en nautisk mil som inkluderes.

17 og 18. Forel@pig resultater fra nettverksanalyser av bld skog og diskusjon om nettverksanalyse
som verktgy, pavirkninger og muligheter for forvaltningstiltak i bla skog

Guri Sogn Andersen, Norwegian Institute for Water Research (NIVA)

Modellverktgy er et viktig redskap i a studere gkologiske sammenhenger og for a sette opp og teste
ulike hypoteser. Blant mange modelleringsverktgy er metoden QPress valgt (Jfr presentasjon 5 WP4 i
Vedlegg A.5). QPress er basert pa kunnskap om de kvalitative sammenhengene i et gkologisk system,
det vil si hvordan de ulike aktgrene (f.eks. artsgrupper) pavirker hverandre. Ved a simulere et stort
antall kvantitative samfunn basert pa den kvalitative forstaelsen, og teste disse simuleringene for
stabilitet (at det simulerte samfunnet er i stand til 3 opprettholdes), kan vi si noe om hvilke forhold
som mest sannsynlig er viktige for a opprettholde systemet. | denne presentasjonen er det tatt
utgangspunkt i at de bla skogene har vaert eller er stabile. Hvorvidt dette er riktig er en viktig
diskusjon. Arbeidet er akkurat startet og modellen virker lovende. Det er ogsa etablert god kontakt
med C. Johnson i Australia som har jobbet mye med QPress og ogsa veert bidragsyter i utviklingen av
metodikken.

Spgrsmal:

Generelt ble det stilt flere spgrsmal som dreide seg om QPress-metodikken. Guri gikk igjennom
denne delen av stoffet fra presentasjonen pa dag 1 i litt st@rre detalj. Det kom flere spgrsmal knyttet
til den kvantitative simuleringen og hva tallene betyr. Guri forklarte at dette er tilfeldige tall som har
likt fortegn som tilsvarer den kvalitative beskrivelsen av systemet. Hvert simulert samfunn blir testet
for stabilitet, og det er kun simuleringene som gir stabile samfunn som brukes videre i analysen (se
presentasjon fra dag 1, Vedlegg A.5).

Et av malene med denne sesjonen var a kartlegge forvaltningens behov og om forvaltningen synes
QPress virker som det kan dekke noe av dette behovet. Dette bekreftet representanter fra
Miljgdirektoratet.
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Det ble stilt spgrsmal ved QPress-metodens evne til 3 fange opp forskjeller mellom systemer som har
tilsynelatende lik struktur, men hvor artsantallet eller sdrbarheten er svaert forskjellig. QPress kan til
en viss grad fange opp slike ting ved at man legger inn ulike valideringssteg (se presentasjon). Det vil
ogsa veere aktuelt a vurdere om nettverkene kan spesifiseres forskjellig, altsa at man for eksempel
lager ulike nettverk for ulike omrader (som for Sukkertare i s¢r og nord i Norge).

Det ble stilt spgrsmal ved hvordan man Igser det dersom en pavirkning antas a veere positiv i en
setting og negativ i en annen. Svaret var at man da ma forsgke a dele opp i ulike alternative nettverk
som beskriver de ulike settingene.

Det ble oppfordret til a se til erfaringer fra Sverige angdende restaurering av alegrasenger og a
«bgrste stgv» av rapporten for tiltak knyttet til sukkertare for a finne tiltak som kan testes ved
simulering i QPress.

Mapping data for use in WP1.
19. Presentation of possible analyzing techniques based on existing data
Hege Gundersen, Norwegian Institute for Water Research (NIVA)

An overview of different possible modelling techniques was presented. Which modelling techniques
we are going to use depends on the type of data we get. For instance, we can use Generalized Linear
Models (GLM), Generalized Additive Models (GAM) or Boosted Regression Tree (BRT) if our data are
of the type presence/absence (i.e. binomial data). The benefits of using GAMs is the possibility to fit
non-linear curves. Further, presence only data can be analyzed using MAXENT, and Cumulative Link
Models (CLM) can be used when data are categorized in classes of e.g. density. Both GAM and BRT
have previously been used in the modelling of kelp in the National mapping programme, whereas
MAXENT have shown useful in predictive modelling of shell sand deposits. Rule-based modelling is a
method that can be used when field observations are not available, and where we, instead of
statistical modelling, rather point out areas that fills certain criteria for suitability, based on expert
judgements and the use of GIS models. The distribution of kelp (L. hyperborea and S. latissima),
seagrass and rockweed have earlier been modelled for the whole coast of Norway using rule-based
modelling (Gundersen et al. 2011).

Below are some questions that were discussed at the workshop:

e Questions regarding data restrictions / ownership / unpublished data. E.g. Krause-Jensen
have some eelgrass data from the Kattegat area — if they are published they might be used in
this project.

e What is the best proxy for substrate? See point 3 and 12 in Chapter 4.2.

e Should we include data also outside the Nordic countries (e.g. Estonia, Germany) to improve
model performance? No, because we will probably not have access to GIS-models from these
countries, and then we will not be able to analyse the data anyway.

e Which species shall we include (e.g. L. digitata, Ruppia maritima)? L. digitata is often found
close to L. hyperborea and have much of the same requirements and can thus probably be
included in the same model as L. hyperborea. L. digitata is not found at Greenland, but here
some other kelp species might be relevant. R. maritima has somewhat other environmental
requirements than Z. marina (e.g. lower salinity) and might not be modelled together with Z
marina. Norwegian observations on R. maritima is not systematized in databases and will
probably not be used in the modelling of seagrass. Z. noltii is redlisted and very rare in
Norway and is not relevant for modelling.
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e Include relevant variables, although not available as full cover GIS layers (e.g. mud content
for eelgrass)?

e Where can we get climatic data?

e We can also model future potential distributions.

e Are we modelling potential distribution or actual distribution (relates to the sea urchin
situation of Norwegian kelp forests)?

e Will we analyse biomass data, or “stick to the plan”?

e What about red algae? Karl Norling pointed out that at some places in the Baltic there are
massive amounts of red algae, which might sum up to substantial biomasses in the region.
However, red algae are beyond the scope of the project and we decided not to do any
analyses on this, except keep in mind that this could be interesting to explore in the future.

e C.Bostrom showed in his talk (and M. Potouroglou also confirmed) that the content of mud
in the sediments is an important variable that contribute to explaining the amount of carbon
sequestered from seagrass. Thus, mud content would be a very useful predictor variable,
although we do not have such data for all the Nordic countries. But T. Bekkby pointed out
that perhaps we can make a proxy using slope and model basin areas with softer sediments.

e We discussed which climatic data we should use and how to access them. Is Sea Surface
Temperature (SST) good enough or should we try to get temperature at seafloor? Most likely
we are anyway not able to model the micro climate, so we might do fine with the more
regional gradients given in the 160m from the National mapping programme or similar (IMR).

e Should we try to predict for the future using climate scenarios? No, this is not a part of our
deliveries in the project. Also, it would require much more resources than we have, since it
will also require projections on pressures, the sea urchin situation in the north, etc. But we
are still open for making some simple estimates on the potential distribution of blue forests if
the big pressures (like eutrophication, warming and sea urchins) should disappear.

A presentation from Trine Bekkby with some slides from the EMOnet Seabed Habitats project
(European Marine Observation and Data network) presenting some of the models available at a
European level. NIVA is a part of EMODnet Seabed Habitats. As part of the National program for
mapping of biodiversity -coast, NIVA present the kelp and rockweed models (e.g models om
Laminaria hyperborea and Saccharina latissima, the latter only for Skagerrak, Bekkby et al. 2009,
Bekkby and Moy 2011) at the EMODnet Seabed web page. The probability of finding kelp has been
modelled by NIVA. The available predictor raster layers have varied between regions (and with
program period), but both bathymetry, terrain variation (such as slope and curvature), wave
exposure, ocean current speed, salinity and temperature have been included in the modelling
selection. The predicted raster models of the probability of finding kelp forest have been used to
delineate the most important kelp forest areas (L. hyperborean) and have been submitted to the
Norwegian Environment Agency for use in management and planning of the coastal zone (Bekkby et
al. 2013).

Published papers have shown that the probability of finding kelp correlated the the coverage, i.e. the
density of the kelp (Bekkby et al. 2009). And the coverage is correlated with biomass and carbon.
That means that we can combine the probability models with regional data on biomass, production,
carbon binding etc. in order to produce a map. If other countries in Europe also have kelp models, all
European kelp models can be combined. In regions where models are lacking we can supply with rule
based models using national, regional and/or EMODnet substrate, depth/seabed PAR (downscaled
with regional bathy if possible) and wave exposure models. NIVA is in dialogue with Mike Burrows at
SAMS for European waves models, which is of relevance, wave exposure is one of the most
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important variables, is addition to substrate of course. New kelp predictions may also in the future
be run with updated NORW and EUR models (e.g. on bed PAR).

Considering seagrass, WCMC has a global seagrass distribution map. This can be combined with
whatever we have on seagrass biomass, production, carbon binding data (regional if available). It is
possible to supply this with models on the potential/max possible distribution using national,
regional and/or EMODnet substrate, depth/seabed PAR and EUR waves from Mike Burrows at SAMS.

At the end of the day H. Gundersen put up an Excel sheet which was completed as far as we could, to
make an overview of existing data on kelp (L. hyperborea and S. latissima), seagrass, and rockweed
for all the Nordic countries. The table is reproduced in Table 3 and must be regarded as an
incomplete overview of what we recalled at that point. The table is to be improved and checked in
2017 and also into 2018.

Table 3. Overview of existing data on blue forests in the Nordic countries gathered through a
brainstorm during the workshop — to be improved. H = High quality; M = Medium quality; L = Low
quality; 0 = No data/model; NR = Not relevant; Yes = data/model exists at unknown quality.

Region Data Model Data Model Data Model Data Model
Finland H H NR NR NR NR H 0
Sweden H H M (west) NR M (west) O H 0
Denmark H H stone 0 Kattegat 0 H 0
reefs

Norway H 0 H H H H L 0
Iceland M/L yes yes yes
Faroelslands NR NR yes yes yes
Greenland biomass, 3 sites, Other M

presence only species
Svalbard NR NR M 1st gen

Helene Frigstad avsluttet med 3 takke alle deltakere for gode presentasjoner og innspill.
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Vedlegg A. Presentasjoner Workshop

1. Welcome, background for the project and applicability of the results

Solrun Figenschau Skjellum, Norwegian Environment Agency, Norway

NORWLGIAN ‘ J I I I
Norsk institutt for vannforskning

ENVIRONMENT
AGENCY

Status of knowledge for Nordic carbon

cycling in blue forests
Kick-off workshop NMR project, November 16-17, 2017

= Apolicy relevant topic emerging
in 2012
= Tried to get funds for own
assessments and research, but not
a priority
= Surveyed literature:
— NIVA report suggested much

larger CO2 storage potential
for blue forest than for green

= Two carbon cycle experts in 2013

. ¥ :
L NORWEGIAN
Photo: Lill Haugen n ENVIRONMENT
ACGENCY
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Our blue forest history - chapter 2

= 2013: IPCC supplement : nce
wetlands guidelines
— Includes mangrove forests, mm;"m'w
tidal marshes and seagrass " et Weands.
IR o
= Dialogue with NIVA, NBFN, e
read scientific literature... —

= Scoping of IPCC reports

= Slowly, things started to
change

NUHWEGLAN
ENVERUNMENT
AGENCY

Kjente ressurser
- uante muligheter

o qurs teanir s og

Ny vekst, stolt historie

gy e g

KONKURRANSEKRAFT
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Our blue forest history- chapter 3: Nordic

Council of Ministers comes to the rescue
y', ‘(

= 2015: Blue bioeconomics
= 2017: Norway chairs the
Council

— One of two chairman
projects is «The Ocean and
Blue Bioeconomics»

— Outsourced to NEA
— Contract awarded to NIVA

Foto: Maria Pettersvik Arvnes, n S
Miljadirektoratet AGENCY

Our expectations for the project -

mitigation

* Bridging the knowledge
gaps

»= Long-term storage of macro
vegetation in Nordic waters

= Knowledge basis for
inclusion in the national
Nordic inventories

Foto: Stein Fredriksen, Ui0 n ENVIRONMENT
AGENCY
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Our national climate goals

= Reduce GHGs emissions by the
equivalent of 30 % of its own 1990
emissions by 2020

* Reduce emissions by at least 40 % by
2030 compared with the 1990 level

= Norway will be climate neutral by 2030

= Norway has adopted a legally binding
target of being a low-emission society by
2050 (reduce 80-95 % over 1990)

= GHG emissions from deforestation and
forest degradation in developing
countries will be reduced in ways that
contribute to sustainable development.

= Prepare for and adapt to climate change

NURWEGIAN
ENVIRONMENT
AGENCY

Our expectations for the project -

adaptation

= Adaptation measures to
protect
— Carbon storage ability
— Biodiversity
— Commercially harvested
species
— Shores from strong waves

Foto: Henrik Jensen, NTNU

Foto: Henrik Jensen

NURWEGIAN
ENVIRONMENT
AGENCY
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2. Introduction to the project and outreach activities (WP5)
Helene Frigstad, Norwegian Institute for Water Research (NIVA)

BLUE CARBON — CLIMATE ADAPTATION, CO, UPTAKE AND
SEQUESTRATION OF CARBON IN NORDIC BLUE FORESTS

The aim is to create an updated overview of the carbon cycle of
kelp, eelgrass and rockweed in Nordic marine waters

Photos: NIVA (J Gitmark, K Hancke)

NIV |

The Blatt-karbon project

* 3-year project funded by the Norwegian
Environment Agency, through the Nordic Council of
Ministers

* Lead by NIVA, in cooperation with IMR, GRID-
Arendal, Aarhus University, Abo Akademi University
and Gothenburg University

N’w'-l Helene Frigstad 23.11.2017

41




NIVA 7213-2017

WP4

Blue fore now and

in the future

NIV3-

Carbon cycling in blue
forests

Kasper Honcke

Helene Frigstad

WP2

Feldwork - carbon
export and
sequestration

Kasper Haoncke

23.11.2017

WP1: Distribution and
biomass of blue forests in
the Nordic countries

WP2: Fieldwork: carbon
export and sequestration
WP3: Carbon cycling in blue
forests

WP4: Blue forests now and
in the future — pressures
and measures

WP5: Communication and
outreach

NIV4-

Time schedule

Helene Frigstad

23.11.2017

2019
Qa3

2020
|laa ai-2
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WP5: Communication and outreach

WP lead: Helene Frigstad (NIVA)
Participants: All project members

«Facilitate dissemination of the results from the project to relevant management
bodies and research environments, both nationally and to the Nordic countries»

Kasper Hancke

le Helene Frigstad | 16.11.2017 5

WP5 deliverables

2017

Kick-off meeting with Norwegian Environment Agency in september 2017

Workshop with project partners in november 2017 (followed by
workshop/annual reportby 10. december)

+ 2018

Preliminary results presented at relevant conference (national/nordic)

*+ 2019

Final seminar with relevant research and management bodies in fall
2019/spring 2020

* Spring 2020

NIV

Final report in English, with summary in Norwegian

Popular science summary in Norwegian for the Nordic Council of Ministers
webpage

Facts sheets in English and Norwegian

Poster in English and Norwegian

Helene Frigstad 23.11.2017 6
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Tha

Project partners:

NIV4-

Norsk institutt for vannforskning

HAVEORSKNINGSINSTITUTTET

nk you!

*
Norwegian
Blue Forests
Network
»

@rin)

o &
AARHUS
() . UNIVERSITY OF
/ UNIVERSITY Ao adar GOTHENBURG
Sponsors:
Nordic Council MILJO-
of Ministers DIREKTORATET
le Helene Frigstad | 23.11.2017
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3. WP 1. Distribution and biomass of blue forests in the Nordic countries

Hege Gundersen, Norwegian Institute for Water Research (NIVA)

WP1: Distribution and biomass of blue forests in the Nordic countries

WP lead: Hege Gundersen (NIVA)

Participants: GuriS. Andersen (NIVA), Hartvig Christie (NIVA), Eli Rinde (NIVA), Dorte Krause-Jensen (AU),
Frithjof Moy (IMR), Susanne Baden (GU), Christoffer Bostrém (AAU)

Task 1.1 Model geographical distribution of kelp, eelgrass and rockweed in Norway

Task 1.2 Model geographical distribution of kelp, eelgrass and rockweed in other Nordic countries
Task 1.3 Calculate the biomass of blue forests in the Nordic countries

Task 1.4 Calculate the biomass of flora and fauna associated with blue forests

& O J2ngeKgitmat

le Hege Gundersen l 23/11/2017 1

WP1: Deliveries

*  GIS maps of predicted distribution of kelp (L. hyperborea and S. latissima), seagrass and
rockweed (input to WP3)

*  GIS maps of estimated biomass of kelp, seagrass and rockweed (input to WP3)

* Estimated carbon content of blue forests per management unit (country, county, municipality)

* Estimated carbon content of flora and fauna associated with blue forests (per management unit)

* Contribute to reports, seminars and popular science and scientific publication

Source: Gundersenetal. 2022

NIwF Hege Gundersen 11/23/2017 2
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WP1: Sub-tasks

\/ 1. Overview of distributionand data
*  Allecosystems
*  Allcountries
/- 2. Compiledata
*  Biological
*  Laminaria hyperborea
*  Saccharinalatissima
*+  Zosteramarina
*  Rockweed

*  GISmodels
*  Depth
*  Wave exposure
*  Current
*  Light
¢  Temperature
*  Salinity

NIV3-

3. Analysedata
*  Aimingfor one seamless Nordic model for
each of the ecosystems, or
*  extrapolate for areas without data
* splitupin regions, depending on data
type
*  use existing models/knowledge without
any modelling
4. Calculations (based on literature)
* Biomass
*  Carbon

Wiy W‘ %Lé’

Hege Gundersen 23/
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4a. WP 2. Fieldwork - kelp carbon export and sequestration

Kasper Hancke, Norwegian Institute for Water Research (NIVA)

BLUE CARBON - CLIMATE ADAPTATION, CO, UPTAKE AND
SEQUESTRATION OF CARBON IN NORDIC BLUE FORESTS

WP1 - Distribution and biomass of kelp, eelgrass and rockweed in Nordic marine waters
WP2 - Fieldwork — kelp carbon export and sequestration

WP3 - Carbon cycle of blue forests

WP4 - Blue forests now and in the future — pressures and management measures

WP5 - Communication and outreach

By Kasper Hancke, Helene Frigstad, Hege Gundersen, Guri Sogn Andersen (NIVA)
16-17 November at Miljgdirektoratet, Helsfyr, Oslo

Photos: NIVA (J Gitmark, K Hancke)

lef Kasper Hancke | 23.11.2017

Work package overview

WP1

Utbredelse og
biomasse av bla skog i
Norden

Hege Gundersen

WP4

Pavirkninger og WP5 WP2
muligheter for Formidling og

forvaltningstiltak i Bmiikacion Eksport og deponering
nordisk bla skog g av karbon fra bla skog

Helene Frigstad Kasper Hancke

Guri Sogn Andersen

NIV -
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WP2 - Fieldwork — kelp carbon export and sequestration

Responsible: Kasper Hancke (NIVA)
Personal: NIVA (Helene Frigstad, Guri Sogn Andersen, Hege Gundersen, Hartvig Christie)
Additional personal (fagansvarlig): Gunhild Borgersen (NIVA)

Collaborators: Aarhus Universitet: Dorte Krause-Jensen, Abo Akademi University: Christoffer
Bostrém, Goteborg Universitet: Susanne Baden

«Dedicated fieldwork to quantify missing key values in the Nordic carbon
cycle, with significance for carbon storage in the Nordic kelp forest»

2.1 - Quantification of kelp detritus that sediment on the seafloor
2.2 - Degradation rates and long-term storage of kelp organic matter in sediments

2.3 - Production of Dissolved Organic Matter (DOC) in kelp forests

lel"’ Kasper Hancke I 23.11.2017 3

WP2 - Fieldwork — kelp carbon export and sequestration

2.1 Quantification of kelp detritus that sediment on the seafloor

photoby K Filbee-Dexter

Figur 1. Modelled
sedimentation of
kelp organic matter
(ABOVE), and

a sedimentation
‘trap’ for quantifying

* Fieldwork is planned completed in the
10m, Trondheimsfjord region, with its highly
productive kelp forests and know deposit
areas

kelp detritus * Spring-summer-fall 2018
transport to the
seafloor (RIGHT) am + Delivering rates to WP3

* Closely collaborating with ongoing projects
of high relevance, i.e. KELP-Fate, Kelp-
float, KELP-EX, and KELPPRO

lef nasper Hancke 23.11.2017
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WP2 - Fieldwork — kelp carbon export and sequestration

2.2 Degradation rates and long-term storage of kelp organic matter in sediments

+ Fieldwork will be in the
Trondheimsfjord region,
and will collect sediment
cores to track kelp organic
matter and its degradation

photoby TBakken

+ Spring-summer-fall 2018
» Delivering rates to WP3

+ Closely collaborating with
ongoing projects of high
relevance, i.e. KELP-Fate,
Kelp-float, KELP-EX, and
KELPPRO

Figur 2. Kjerneprovetaker og sedimentkjerne (Foto: NIVA)

lel" Kasper Hancke | 23.11.2017 5

WP2 - Fieldwork — kelp carbon export and sequestration

2.3 Production of Dissolved Organic Matter (DOC) in kelp forests

Work in progress..... (samples in the lab from fieldwork Aug 2017)

the coastal dissoived

2013

Production, respiration and exudation of dissolved onganic
matter by the kelp Laminaria hyperborea

along the west coast ¢ ay 2004
i1 O, Nerury

d L Abduld®

lef Kasper Hancke 23.11.2017
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WP2 - Fieldwork — kelp carbon export and sequestration
Deliverables:

* Quantitative estimates of carbon sedimentation on the seafloor

* Quantitative estimates of the carbon decomposition and sequestration

*  Empirical data for an updated carbon budget, input to WP3

*  Contribution to reports, final workshop, and popular science publications
*  Data for scientific publications

Photos: J Gitmark, K. Filbee-Dexter and T Bakken

le'-d Kasper Hancke I 23.11.2017 7

WP3 - Carbon cycle of blue forests

Responsible: Kasper Hancke (NIVA)

Personal : NIVA (Helene Frigstad, Guri Sogn Andersen, Hege Gundersen, Cecilie Mauritzen), Aarhus Universitet
(Dorte Krause-Jensen), Abo Akademi University (Christoffer Bostrom), Goteborg Universitet (Susanne Baden),
GRID-Arendal (Maria Potouroglou), and IMR (Frithjof Moy).

Additional personal (fagansvarlig): Helene Frigstad (NIVA)

«Updating the marine carbon pathways, including a budget of the uptake, export, and
sequestration of marine carbon in Norwegian Blue Forests»

3.1 Net primary production of kelp, seaweed and seagrasses

3.2 Export of kelp forest carbon

3.3 Carbon sequestration in coastal and deep searegions

3.4 Anupdate of the carbon budget for the Norwegian Blue Forest

photo by NIVA (J Gitmark, K Hancke)
8

Kasper Hancke 23.11.2017
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The major Blue Forest Carbon pathways

3.1 Net primary production of kelp, seaweed and seagrasses

co,

Stranded algae . ; i
i 3 Grazing

——> (o, S

Mineralization (g}

_ 3

ooc] = |

2

9

=

=]

Particular |-

| depositions
I C burial/sequestration
le Kasper Hancke I 23.11.2017 9
The major Blue Forest Carbon pathways
3.2 Export of kelp forest carbon
co,

—> [ co, S

ralization ()

®

Q2

. =

Seagrdss °

Kelp/ ! 3

Macroalgag . S
Particular 1} l =

depositions ‘\ 1

| C burial/sequestration

NIW Kasper Hancke 23.11.2017
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The major Blue Forest Carbon pathways

3.3 Carbon sequestration in coastal and deep sea regions

co,

—_—
|

Grazing

-
neralization

StrandléclI algae
) ||
| v ISeaweed
W

-

=% \l
o
| o I
)
uonesyssnbas H0Q

Particular |
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depositions | 4

C'burial/sequestration

NIV—}-! Kasper Hancke I 23.11.2017 11

The major Blue Forest Carbon pathways

3.4 An update of the carbon budget for the Norwegian Blue Forest

co,
v

Grazing

Transport locally and offshore
' 4L X e t —I

Mineralization

SNy

uonesisanbas H0Q

Particular

| ( @ bt;rial/sequestration j)

S

lef Kasper Hancke | 23.11.2017 12
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4b. WP 3. Carbon cycle of blue forests

Kasper Hancke, Norwegian Institute for Water Research (NIVA)

WP3 - Carbon cycle of blue forests

Deliverables:
¢ Quantitative estimates of the carbon uptake and export from kelp forests
*  Total carbon budget for the Norwegian kelp forest
*  Total carbon budget for the Nordic Blue Forest

* DataforwpP4

¢  Contributions to reports, final workshop and popular science publications
*  Data for scientific publications

co,
Strandedl premm, /\/\/J—\/\/\/ [
i3
N

[poc ]——>[co 8

t Mineralization! 2 o

@

| fooe 8

Kelp/ 3

Macroalgae { g'
Particular s
depositions l

I C burial/sequestration

DOC incubation in situ experiment.
Malangen fjord, August 2017.
Photo by Karen Filbee-Dexter
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5. WP 4. Blue forests now and in the future — pressure and possibilities for
management measures.
Guri Sogn Andersen, Norwegian Institute for Water Research (NIVA)

WP 4 — Blue forests now and in the future.
Pressures and management.

photo by NIVA (J Gitmark, K Hancke)

WP 4 — Blue forests now and in the future.
Pressures and management.

Apply network analysis to better understand
the ecological relationships and pressures in
blue forests today and in the future

NIVi-
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WP 4 — Blue forests now and in the future.

Pressures and management.

Apply network analysis to better understand
the ecological relationships and pressures in

blue forests today and in the future

&

MANAGEMENT

NIV3-

/ Incl. three C sphere's (inorganic CO2, particulate organic C (POC) and dissolved organic C (DOC)

| =2

ﬂi - r'j
.
Stranded algae
: ; grazing

]

[ uonensanbas 500 ]

N/

\ I C burial/sequestration I

NIVz-
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Blue forests now and in the future: TASKS

4.1 - Schematic representations of ecological interactions and impacts in blue forests
4.2 - Establish Q-Press models that describes the current systems (based on4.1)

4.3 - Model pressuresaccording to expectations for future environmental change (based on 4.2)

4.4 - Model possible management measures (based on 4.2 and 4.3)

photo by NIVA (J Gitmark, K Hancke)

NIVi-

Blue forests now and in the future: TIMEFRAME

4.1- Schematic representations of ecological interactions and impacts in blue forests- Within 2017

4.2 - Establish Q-Press models that describes the current systems (based on 4.1) - Within 1. quarter of 2018

4.3 — Model pressures according to expectations for future environmental change (based on 4.2) - Within 2018
4.4 - Model possible management measures (based on 4.2 and 4.3) - Within 2019

photo by NIVA (J Gitmark, K Hancke)

NIVz-
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Blue forests now and in the future: STATUS

/" 4.1-Schematic representations of ecological interactions and impacts in blue forests- Within 2017
~/ 4.2 - Establish Q-Press models that describes the current systems (based on 4.1) - Within 1. quarter of 2018

4.3 - Model pressures according to expectations for future environmental change (based on 4.2) - Within 2018
v/ 4.4- Model possible management measures (based on 4.2 and 4.3)- Within 2019

photo by NIVA (J Gitmark, K Hancke)

NIVz-

Blue forests now and in the future: Task 4.1 and 4.2

4.1 — Schematic representations of ecological interactions and impacts in blue forests
4.2 — Establish Q-Press models that describes the current systems(based on 4.1)

ecological relationships

NIVz-
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positive

negative
S

Kelp
Seaweed
Seagrass

NIVz-

=y

) /
k’ Tort sigoe / sigel mats
\_) Interaction matrix

Witer clarey [ Sesmantzsen 2 = 0
OV Y
0 +
+ +
0 +

NIVz-
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0 +
0 - +
+ +
Apply pressures (+/-)
0 +
Simulation ™
“«no» «yes»n n
|
[
]
-19 .00 42 -
-11 .68 -.33 q Stability N =10.000? :
analysis
54 -3 -12 ¥ “yes» 8
(]
00 23 -15 .
«no» * e Optional validation steps

NIVz- E

Blue forests now and in the future: Task 4.3

4.3 - Model pressures according to expectations for future environmental
change (based on 4.2)

pressures
today and in the future

NIVz-
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"J Climate

Blue forests now and in the future: Task 4.4

4.4 — Model possible management measures (based on 4.2 and 4.3)

4

MANAGEMENT

NIVz-
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Climate
+management

Seagrass systems

Water clarity
Nutrierts (I
Sedimentation
Temperature

Turf aigac / aigal mats

nt
Epphytes
Wiansion =2
Juv. predators amana
Mesoprodators
Large predatory fish ’
Fishing |
r T T T 1
o 2000 4000 6000 8000 10000
Ssmulatons
L . . t t .

* The results will be useless IF:
- important links are missed
- the direction of links are wrong

- relationships switch completely depending on context,
and this is not accounted for

- Other issues...?
* Bottom line: shit in -> shit out

NIVz-
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Limitations

Workshop session tomorrow
(in Norwegian)

* Discuss preliminary results from QPress and the
underlying assumptions (community network
structures and stability)

* Discuss possibilities for management
* Discuss collaborative publication possibilities

NIVA-
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6. Blue carbon in a global policy context
Steven Lutz, GRID-Arendal

Blue forests in a global policy context +

Steven Lutz, GRID-Arendal
Carbon uptake and storage in

UN&

environment f

- Coastal blue forests/carbon:

~_+ Vitally important for climate mitigation and adaptation

+ Estimated to bury nearly 70% of oceanic carbon in sediments

» Support communities across the world ’;
+ Degraded globally at an alarming rate of 1-7% per year

'+ When degraded, can contribute GHG

UN Environment Blue Forests Project s Wblue &
* Improved ecosystem
management through
harnessing carbon and other &
ecosystem values . o ‘
* Implemented with partners " @ e Fure
worldwide ol - oS
* Lessons learned, experiences ¥ . @ ®indopis
and toolkits will help guide the " AC R ’
global application of the blue
carbon approach
UN® & (crio) ®AGEDI QEoimoe blucventurcs e O oyt g
Duke @8 & ® & .0 V=== B vae” @ 6 u &
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_ * UN®&
Indonesia Blue Forests @ 3 We Soue &
x\\‘\ ’ ”‘,:“'2.\ i f(‘
T o« {g’? B i
h. O . °. /7 KX _Derawan Islands
- :‘\\\ ‘.‘A,\‘\.,‘;l j\\-‘f = ig - . ‘h {,‘\
o P hin
N % 3 { ‘
{ _Seribu Islands
West Java ‘ ° S s
Lembagon &

+ Mangrove, seagrass carbon & ES assessments
« Capacity building

« National policy engagement & coordination

* Mangroves under REDD+

Community benefit - Kenya

Carbon finance supporting communities
though:
* Job creation
* Livelihood support
* Ecotourism
* Energy efficient stoves
« Community services
» Education materials for 700 school
children
* lean water access for 4500
community members
« Mangrove conservation & reforestation
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l;/:TIGATlS}lrE Coastal Blue Carbon
] 5 in Nationally
Determined

Contributions

- .
TheNatur @ Blue Climate
Conscrsancg &N a SQlU!IOnS

9 -
CONSERVATION &)
S @ (@4 G'R'1'D)
WWF

(&) Wblue g

Wide range of blue carbon NDC actions === Pblue &

Saudi Arabia (adaptation with mitigation co-benefit):

* Mangroves and other coastal ecosystems roles in mitigation
and adaptation recognised, with explicit reference to blue
carbon. Coastal zone management and planting of mangrove
seedlings identified as adaptation measures.

Antigua and Barbuda (mitigation):

* By 2030, all remaining wetlands and watershed areas with
carbon sequestration potential are protected as carbon sinks.

Haiti (mitigation and adaptation):

* Protect, conserve and extend mangrove forests to (19,500ha)
by 2030.
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ACHEVING THE GLOBAL GOALS oo Wblue &
THROUGH BLUE FORESTS

Experience from projects the Dominican Republic, Kenya, Madagascar and the United Arab Emirates show
that blue carbon approach can make a direct contribution to achieving 15 of the 17 SDGs, as illustrated here:

Dominican Republic ~ Kenya Madagascar United Arab Emirates
i [l o5 [&]
(%5

Project activities

Capacity building EL—JEE
BHEEsE

Community-led
management

B
B

B géﬂa@a
2

LS EE
AR

Marine managed areas

Assessment and mapping i

Finance mechanisms E:‘E EE
Creation of partnerships L:?E 'Y 'S JLTIEE .i B
Policy and management E’: © = m

A =B

Blue Forests at COP23 ..

* Australia: 6 million for Pacific Blue Carbon Partnership c OP?';I»:/IJI

* Indonesia: Blue carbon announcement expected today

* Vladimir Ryabinin, Executive Secretary IOC, Assistant Director
General of UNESCO:

» ~ “Kelp carbon needs to be advanced just like to other coastal
blue carbon ecosystems”

* Ronny Jumeau, Permanent Representative to the United Nations,
Ambassador for Climate Change, Republic of Seychelles:

» “Fish carbon is an opportunity for Small Island Developing
States to get the oceans in their Nationally Determined
Contributions to the Paris Agreement”
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Norwegian

Blue Forests

Network
S »

HAVIORSENINGSINSTITUTIET

UNIVERSITY
OF AGDER

Lutz and
Martin 2014

« Marine vertebrate pathways, pumps & trophic cascades

Ingrid Taylar/fflickr

6.55 million tonnes of CO2 captured
due to predation by sea otters in kelp forests
from Vancouver Island to the Aleutian Islands

Wilmers etal. 2012
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A8,

62,506 tonnes CO2 Per Year Not Stored
due to removal of commercial species by
fisheries in the Eastern Tropical Pacific

\vu
. B

35,451 tonnes CO2 Not Stored

due to removal of dolphins as by-catch 1958-
2006 by fisheries in the Eastern Tropical Pacific
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Amount and value of the biological carbon-
sequestering activity provided by the high seas:

e 0.448 billion tonnes of carbon annually

* USD $74 billion to $222 billion annually ¢ o

4

There are fewer fish in the sea than ever before

Percentage of high seas fished in each year | Per of i loited, overexploited or collapsed
i i

% To% | N 63%

15

WWF 20

What is the biological-carbon sequestration value of a living ocean versus a depleted one?
Can we measure and account for this value and translate it into policy and management options?
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Norwegian opportunities???

>
>
>

Y Y'Y

Mangroves under REDD+ in Indonesia and other priority areas
Incorporation of blue forests in Nordic NDCs?

UN assembly meeting - Premier intergovernmental discussion on
advancing coastal blue forests in NDCs to the UNFCCC, etc.

Regional capacity building and assessment, NDC incorporation, &
implementation (UN Environment, Regional Seas, local stakeholders+)

Norwegian fisheries and oceanic blue forests science in support of
SIDS getting the oceans into their NDCs

Representation of communities in international blue carbon dialogue
Seagrass and kelp carbon research and policy

International Kelp Alliance, International Seagrass Working Group (UN
Environment+) & more!
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7. Integrating mangroves into REDD+: challenges and opportunities
Elizabeth Selig, Norwegian Institute for Water Research (NIVA)

Integrating mangroves into REDD+:
challenges and opportunities

Liz Selig

Norwegian Institute for Water Research

Norwegian Institute for Water Research

Norwegian Blue Forests Network (NBFN)

INSTITUTE OF MARINE RESEARCH

NIL/A- HAVFORSKNINGSINSTITUTTET [G.R.i@

Norwegian Institute for Water Research

A Centre Collaborating With UNEP
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Norwegian Blue Forests Network (NBFN)
Mobilizing Norwegian expertise for sustainable management of blue forests

* Raiseawarenessin Norway on the role of blue forests

* Conduct research on the role of blue forests in addressing global
climate change and providing vital ecosystem services

* Develop and execute action oriented projects in Norway and beyond
to conserve and improve ecosystem management of blue forests

* Support the Norwegian blue forests policyand research agendaand

its implementation nationally and internationally, including as e
requested by the Parliament and Government Norwegian
Blue Forests
LNetvvork
»

Reducing Emissions from Deforestation and
Forest Degradation (REDD+)

Financial incentives for avoiding carbon loss from deforestation and degradation

Integrating mangrove forests into
REDD+ workshop

Norway's International / v
% Climate and Forest Initiative @ gjﬁ‘(\ﬁ;l]f«,
(NICFI) Norad Netwark

»
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Integrating mangrove forests into
REDD+ workshop

d The Norwegian Climate and Forest Initiative will support civil society organizations
Nora in 11 focus countries. A new grant period starts in 2016 and runs until 2020.

Incorporating mangroves in REDD+:
requirements for results-based payments

1. National REDD+ strategy or . National forest monitoring
action plan system

. Safeguards Information
System: how the REDD+
safeguards are being
addressed and respected

. National forest reference
emission level and/or
reference level
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Workshop goals

* [dentify key challenges and
potential solutions for
integrating mangroves into
REDD+ strategies

* [dentify focal themes and
points of engagement with
the Oslo REDD Exchange in
2018

Challenges shared with
terrestrial tropical forests

Social issues

* Capacity for governance,
monitoring, etc. ’L
* Social justice considerations and

safeguards

Policy issues

* Establishing REDD+ readiness

* Tenure issues

* Overlapping ministries/jurisdictions
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Challenges shared with
terrestrial tropical forests

Market-based
* Functional carbon markets

* Benefits distribution: equity,
empowerment, and marginalized
populations

* Avoiding perverse incentives, i.e.
compensating after poor
performance

* Avoiding double counting

Challenges specific to mangroves

Social Policy

* Making the case for REDD+ for * Definitions!
mangroves may be harder due to
cultural and social perceptions of
mangroves

Challenges specific to mangroves

Market-based

* Opportunity costs in mangrove
areas are often much greater than
in tropical forests

* Mangroves also provide bundles of
ecosystem services (i.e. coastal
protection, fisheries, disaster risk
reduction)

* Connection between livelihoods (i.e.
fishing, charcoal, etc.) and the
ecosystem

75




NIVA 7213-2017

Challenges specific to mangroves

Monitoring

* Incomplete information on mangrove
extent and carbon stocks; establishing
baselines

* Monitoring drivers of
deforestation/degradation

* Monitoring below ground carbon
* Capacity for measuring

* Modifying IPCC default values

Potential solutions

Social
* Find a mangrove “champion”

* Strengthen tenure and empower
communities that depend on mangrove
ecosystems FORESTS

Action Statements and Action Plans

* “Name and shame” bad actors

* Establish a community of constructive
actors

* Develop awareness raising toolbox

* Capacity building for mangrove
governance and greater cross-sectoral @
CO”abOFatlon ClIMlTE_SUMM_II'QOI‘

UM HEADQUARTERS - NEW YORK
23 SEPTEMBER - PCLIMATEZ0 14
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Potential solutions

Market-based

* Reduce perverse incentives for
degradation

* Bundle ecosystem services in
valuation studies

* Create alternative livelihood
opportunities

Potential solutions

Monitoring

* Create low cost below ground sampling
tools and methods for measuring soil
carbon from mangroves

* Design sampling to reduce costs, but
maintain accuracy

* Update IPCC defaults for mangrove
carbon sequestration

* Increase capacity building for
monitoring
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8. Role of macroalgae in the global carbon cycle

Dorte Krause-Jensen, Aarhus University

ROLE OF MACI
GLOBAL ¢

Blue Carbon workshop
Oslo
~ " 16-17 November 2017

Photo: Greenland kelp forest by Scott Bennett

Marine macrophytes as a global C-sink (smith 1981, Science)

Global plant biomass (percent)
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The “Blue Carbon” concept

“Out of all the biological carbon (or green carbon) captured in the world, over half (65%)
is captured by marine organisms hence it is called blue carbon”

Seagrass, mangrove and saltmarsh cover <0.5% of the sea surface,
yet represent ~50% of C-burial in marine sediments

A RAPID RESPONSE ASSESSMENT

BLUE CARBON

THE ROLE OF HEALTHY OCEANS IN BINDING CARBON

ations Environment Programme, GRID-

Ecosystem services of marine forests

- (* = ¥
Energy dissipation w -
M DOC release
Particle trapping O, release

AN

CO, uptake

Mixing /" °

/Y, 11V T Acarborf burial
PWes N

\ a
Gutierrez et al. 2011
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C burial of marine forests much faster than of land forests

iiii'l

Tropml Boreal Temperate Salt Mangroves Seagrasses
marshes

McLeod et al. 2011 Front Ecol Environ

Carbon burial rate (g C m™ yr™)

2013 Supplement to the 2006 IPCC Guidelines for
National Greenhouse Gas Inventories: Wetlands

The 2013 Supplement to the 2006 IPCC Guidelines for

iocc National Greenhouse Gas Inventories: Wetlands

 on climate choate (Wetlands Supplement) extends the content of the 2006

IPCC Guidelines by filling gaps in coverage and

2013 Supplement to providing updated information reflecting scientific
the 2006 IPCC Guidelines for advances, mcludlng updatlng emission factors. It covers
Natlonnl Cracaliocsn Gos inland organi an_mineral soils,

R ~ coastal wetlands includmg mangrove
W sk Do St Comrarnd forests, tidal marshes and seagrass

Wedtamts bor Wastewarer Troatmess
meadows
conversion to flooded fands, and limited gwdance for
= drained organic soils.
~
] More information on the development of the Wetlands
dad > Supplement can be found here.

Tk Forer o Natvmsd (ovonbunss (o Lavessee s
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Macroalgal forests - the most
extended marine forests

Ecosystem Area (mio km?)
Macroalgae 3.4* (1.4-6.8)
Seagrasses 0.2-0.6
Mangroves 0.14
SENSUEISIES 0.02-0.4

*Krause-Jensen & Duarte 2016, Duarte 2017 Biogeosciences

; dieiny
) /J
salt marshes

Steneck et al. 2002, Env. Cons.

Macroalgal forests
— the globally most productive marine forests

Ecosystem Local net prim. prod. Global net prim. prod.
(gC m2yr? (Pg C yr

Macroalgae 91-522 1:62"(0:13-2.9)

Seagrasses 394-449 0.06-1.94

Mangroves 394-1000 0.05-0.15

Salt marshes 438-1100 0.17-0.42

*Krause-Jensen & Duarte 2016. Nature Geoscience. Duarte 2017 Biogeosciences
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New focus on macroalgae as C-sinks
ASLO

LIMNOLOGY

and
OCEANOGRAPHY —__ 7> TT%.

Can macroalgae contribute to blue carbon? An Australian perspective

Ross Hill, «1 Alecla Bellgrove, Ocean Sci. J. (2015) 50(1):1-8 Available online at http:/link.springer.com
Peter J. Ralph® //dx.doi.org/10.1007/512601-015-0001-9 . .
i e a &) SpringerLink

Potential Blue Carbon from Coastal Ecosystems in the Republic of Korea | s':::‘;;";:l
5 ;
Calvyn F. A. Sondak'* and Ik Kyo Chung'* €ISSN 2005-7172

Calculating the global contribution of coralline algae to carbon

burial EUROPEAN JOURNAL OF PHYCOLOGY, 2017 %‘g @ Tayloe &Francis
https://doi.org/10.1080/09670262.2017.1362593 Saplos M bowen Gongy

Ocean
Science

van der Heijden, L. H. and Kamenos, }
Discussions, 12(10), pp. 7845-7877. (d¢

) Chock for updaten

oo The possible roles of algae in restricting the increase in atmospheric CO, and
By, S 0178 4% of A global temperature
John A. Raven 5
. I e
their contributions to blu
arison of marine macrophytes for

. carbon sequcstratlon

nature
geosclence PROGRESS ARTICLE

PUBLISHED ONLINE: 12 SEPTEMBER 2016] 0
1 ; & MACR[-ADI"«
! KeLLEwAY,' PETER
= - ETT,' JEFFREY
Stacey M. TREVATHANTACK AND ALECIA BELLGROVE™

Substantial role of macroalgae in marine
carbon sequestration

Dorte Krause-Jensen'** and Carlos M. Duarte®

Fate of macroalgae

Exported
43.5 %

L) .d
Do P

Duarte & Cébrian 1996. Limnol. Oceanogr.
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Locations where macroalgal carbon
storage has been reported

Kelp

v O Water column
| O Sediment surface
¥/ Insediment

S
&

Krause-Jensen & Duarte 2016

International Journal of Coal Geology

journal homepage: www.elsevier.com/locate/ijcoalgeo

Petrology and hydrocarbon potential of microalgal and macroalgal
dominated oil shales from the Eocene Huadian Formation, NE China

Xiaomin Xie *, John K. Volkman, Jianzhong Qin, Tenger Borjigin, Lizeng Bian, Lunju Zhen

Contents lists available at ScienceDirect

Sedimentary Geology

journal homepage: www.elsevier.com/locate/sedgeo

Voyages of seaweeds: The role of macroalgae in sediment transport @m«m

Christopher J. Garden, Abigail M. Smith *
Sargassum in guts of deep sea fauna down to 6475 m

Wolf 1962. Galathea Reports

Sargassum, Sargasso Sea, 5310 m depth

Schoe[xer &Rowe 1970. Deep-Sea Research
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LUREE. B
CO, uptake

[/

kelp -~ 3 ) 5

forest 2 3 3 el .
& shelf break

100m

—~ i stone
rocky submarine ballast
bottom canyon i

C sequestration horizon
1000m

deep

sea I

Krause-Jensen & Duarte 2016 Nature Geoscience

Unit: TgC yr-1
Remineralized

567

Buried in algal bed
6 (0-11)

Grazing
5M

Exported from algal bed
A 679 (99-1155)

Krause-Jensen & Duarte 2016
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Macroalgal C-flow

Unit: TgC yr-!
Remineralized

567

Buried in algal bed
6 (0-11)

Grazing
51

Exported from algal bed
679 (99-1155)

DOC exported from algal bed
355 (194-486)

POC exported from algal bed
323 (0-787)

Krause-Jensen & Duarte 2016

Unit: TgC yr-1

Remineralized

567 Buried in algal bed

Grazing

Exported from algal bed
679 (99-1155)

DOC exported from algal bed
355 (194-486)

Remineralized in shelf
238

Exported below mixed layer
17 (36-194)

POC exported from algal bed
323 (0-787)

Retained in shelf
288 (0-705)

Remineralized, grazed, beach cast
274

Buried in shelf

14 (0-31)

Exported to deep sea
35(0-85)

Total carbon
sequestration
173 (61-268)

Krause-Jensen & Duarte 2016
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Macroalgae support globally important C
sequestration

Ecosystem  Global C-burial rate
TgC yr!
Macroalgae 173 (61-268)*
Seagrasses  48.0-112 + 30%™*
Mangroves 22.5-24 9+7?
Salt marshes 4.8-87.3 +?

Duarte et al. 2013. Nature Climate Change, *Krause-Jensen & Duarte 2016. Nature Geoscience.
**Duarte & Krause-Jensen 2017 Export from seagrass meadows.
Contribution by export to C-sinks outside the vegetated habitat

» Double the previous C-burial estimate of marine forests
» Need for field evidence!

Macroalgal detritus and food-web
subsidies along an Arctic fjord
depth-gradient

Paul E. Renaud™?*, Therese S. Lokken®*, Lis L. Jorgensen*, Jorgen Berge*® and
Beverly J. Johnson®

- Macroalgal detritus contribute significantly to near-
shore Arctic food-webs, a trophic link that may increase
if macroalgae increase in the Arctic as predicted

Food source:
Benthic taxa: POM & macroalgal detritus (even at 410 m)
Suspension-feeding bivalves: >50% kelp & rockweeds
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LIMNOLOGY

and

OCEANOGRAPHY ©.2017 Asextation for the Scences f Limnologs a4

dol: 10.1002/In0.10740

Kelp detritus provides high-quality food for sea urchin larvae

Colette ). Feehan ,12* Beatrice C. Grauman-Boss," Richard R. Strathmann,’
Megan N. Dethier ©," David O. Duggins’

!Friday Harbor Laboratories, University of Washington, Friday Harbor, Washington
ZDepartment of Biology, Montclair State University, Montclair, N

Climate change adaptation potentials

- e.g. as buffers against ocean acidification

R > vl
an Rt et
Foto: J.Gitmark, NIVA
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Inside/outside seaweed habitat

Macrocystis forest, Southern Ocean
Outside the kelp bed Inside the kelp bed

J FMAMIJ JASOND J FMAMIJJ ASOND
Delille et al. 2000

- " High Arctic - Disko Bay (24:0)
AV Jun 16-25, 2014

Frida Lindwall

Krause-Jensenetal. 2016

KELP FOREST - 24 H PHOTOPERIOD

150 A
100
50 A

0
8.35

8.3

0, concentration (mg 1)

8.25

8.2
58151  Ssiope

8.1 - 0.015 units d*

8.05

8 -

7.95 - T T T T T T T T T

12:00 12:00 12:00 12:00 12:00 12:00 12:00 12:00 12:00 12:00 12:00
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Role of macroalgae in the global C-cycle

(TgCyr") I
Support secondary =
production

Benthic pelagic
coupling

*

“Niches of high pH
’. * Stimulate biodiversity
Attenuate waves

Marine forests are under pressure

Ecosystem Global loss rate
% yrt
Macroalgae 0.018*
Seagrasses 09
Mangroves 1-3/0.07-1.17

Salt marshes 1-2

Tropical forests 05
Duarte et al. 2013 and refs therein, *Krumhans! et al. 2016

Rates of

Kelporest.
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Conclusion & perspectives

Macroalgal forests are hot spots of productivity
and key coastal habitats

They support globally important C-sequestration
and their inclusion doubles previous Blue Carbon
C-sequestration estimates

Macroalgal forests also have potentials in climate
change adaptation — e.g. by increasing pH

Sustainable management of macroalgal habitats
support ecological quality and offer opportunities
to mitigate and adapt to climate change
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9. Baltic region

Christoffer Bostrém, Abo Akademi University

Seagrass Blue Carbon Wor

Abo Akademi
University

RUSSIA

SWEDEN

g

LITHUANIA

A
/_,J“

GERMANY

; o
e
v-?@
= &
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Seagrass shoot biomass & density

3000

g ‘t1 SE Density
500 e 2500 4
E Biomass o 2000
= 400 €
= g
= § 1500
g 3
ad 100 _ & 1000 4
o
: T =lal=
0 500
2 200 ===
E 0
L2
“ 100 600
Biomass
0 t
ViN 5 400
orway g
Q20X
S S§SF :
N ég '\\,b\("“;? g 200
~ @ &
D A R
0
1 2 3 4 5 6
Bostrém et al. 2003 World Atlas of Seagrasses Region

Research questions

1. How large is the carbon storage capacity of Baltic Sea eelgrass meadows?

2. Which are the most important environmental factors determining the
variability of carbon storage and accumulation ?

3. How much carbon is presently stored in Finnish and Danish eelgrass
meadows?

|

INEINEINEINEN

ar
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Study regions and sampled sites

0°0" 10°0E 20°0'E 30°0E

= -
o i " ¥
<3 ? 3}
=4 Y-
4

Mean Corg stocks

Total Corg stocks Mega Tonnes

gCm?

Finland 0.01940.001 (30 km?)
Denmark 2.2+0.005 (673 km?2)
Denmark  5.8:0.014 (1345 km?)
6000- - 30000
; =
i - 25000
:
4000 [ 20000
- 15000
2000 - 10000
| 5. L ﬁ ’J[‘ [ 5000
0 ml[ﬂlj T |—TTIT—IIHlHl T ||T|| T T T ITI LI 0
FINLAND DENMARK
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Carbon density profiles

C(mgC cm'3)
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Environmental variables explaining Corg stocks

Cumulative
Variable AlCc P- value Proportion proportion
1. Silt content (%) 357.4 0.001 0.369 0.369
2. Root:shoot-ratio 346.0 0.001 0.127 0.497
3. Z. marina content (%) 333.6 0.001 0.109 0.606

L

“Blue carbon storage capacity of Zostera mar
' a global survey ~ ‘

Abo Akademi |
University
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Project framework http://zenscience.org

ZEN

3 continents
7 countries
15 sites
21 institutions ®

Zostera Expermentat NETWORK 3N

Quantify how nutrients and
grazing interactively affect
biomass, production, and trophic
Stachowicz Reynolds transfer in eelgrass meadows
along natural gradients.

Research questions

Storage 1. What is the magnitude and variation of eelgrass
sediment carbon stocks in the northern hemisphere?
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Research questions

Storage
2. What are the abiotic and biotic variables causing
variation in eelgrass sediment carbon stocks?

Research questions

3. What are the sediment carbon sources, and do they vary
systematically across sites, regions and ocean margins?
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Research questions

4. How do eelgrass carbon stocks and storage capacity rank
globally compared to other carbon sink ecosystems?

0 JoaL6 Dast Pt Arikd 1

Study area and methods

June-September 2015

+ 7 ocean margins

* 13 countries

+ 36 degreesoflatitude

+ 54 Zosterameadows

* 162cores (30 cmdeep)

+ 0.5-3mdepth

* 6.5-38.8salinty

* 6 meadow/plant variables
* 9 sediment/water variables

(CINCIRTINEINT
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Eelgrass sediment carbon stocks and sources
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Single large or several small models?
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Sediment variables explaining eelgrass sediment carbon
= Sediment mud content o Sediment organic matter

R2=0.57
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Global context — green and blue carbon ecosystems

Terrestrial habitats-

Other seagrasses—

Zosteramarin.

Kennedy & Bjork 2009, Fourqurean et al. 2012, Lavery et al.

Boreal forest
Mangroves

Salt marshes
Tropical forest
Temperate forest

P. oceanica
World seagrasses

Australia, seagrass
E Australia, SE Asia, seagrass

P. sinuosa

P. australis

H. ovalis

Z. muelleri

H. uninervis

A. antarctica

P. sinuosa

C. rotundata/ H.uninervis

Zostera marina
Kattegat-Skagerrak
Eastern Pacific
Western Atlantic
Baltic Sea

Thurgbund, Den

/Y
w"jr"'“

100 200 300 400

E]
Corgpool(tCha )

500

2013, Serrano et al. 2014, Duarte et al. 2013, Miyayima et al. 2015

Correctly classified values: GAM

77%, Maxent72%, GAMMAX 78%

[ maxent ¢
o |
B cavmax

iy

Estuarine, Coastal and Shelf Science 121122 (2013) 8-19

=
-

v W'-,

Inner archipelago

journal ww

Contents lists available at SciVerse ScienceDirect

Estuarine, Coastal and Shelf Science

Influence of model selection on the predicted distribution of the
seagrass Zostera marina

...+ Anna-Leena Downie ", Mikael von Numers", Christoffer Bostrom" L

S * Marine Research Centre, Fianish Environment Institute, FO Box 140, 00251 Helsinkt, Finfand
*Abo Akademi University, Emvironmentol and Marine Biology. Artillerigatan 6, FIN-20520 Turku, Finfand
“Centre for Environment Fisheries and Aquaculture Science, Pokifield Rood. Lowestoft NR33 OHT, UK

AUC scores (0.5-1): GAM = 0.84, Maxent = 0.80
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Understanding the eelgrass foodweb

T = strong

A
= weak

? = unknown

Physical
forcing?

Trophic level

Nutrient pollution and bottom-up control (N &P)

Helcom: 5x5 km ‘.O EMODnet
Substrate Z::E&&m Seabed Habitats

Home  Access data Contribute data Resources News About

Help & feedback f in W

% HELCOM MAP AND DATA SERVICE
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Observations

Observations

N
¢

N
G

2
S

-
o
T

Q@

Range of variability in predictor variables

o
T

N
CH

N
!

-
SE

o
i

4]
1

0-20

0
0-10

[llli

20-40 40-60 60-80 80-100
Z. marina (%)

10-20 20-30 30-40 40-50 >50
Mud content (%)

257

Observations
s - N
@ 9 9

(%]
1

204

15-

Observations

10

<-22

0-1

20

1-2

18 16 14 >12
813C sediment (%o)

2-3 34 >4
OM content (%)

103




NIVA 7213-2017

10. Denmark and Greenland.

Dorte Krause-Jensen, arhus University, Denmark
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e T
Biogeosciences, 14, 301-310, 2017 g B
www.biogeosciences.net/14/301/2017/ g : S i
doi:10.5194/bg-14-301-2017 Biogeosciences EGU B
© Author(s) 2017. CC Attribution 3.0 License. 8 g

el
Reviews and syntheses: Hidden forests, the role of vegetated

coastal habitats in the ocean carbon budget

Carlos M. Duarte!”

Habitat Area  Reference Confidence
(108 km?)
Mangroves 0.137 Girietal. (2011) igh
Salt marshes 0.02 Chmura et al. (2003) (?/ .ower limit
0.38  Woodwell et al. (1973) ,‘\\X\P‘ Low
Seagrass 0.15  Green and Short (2003) ¢ Lower limit
035 Duarte et al. 200%™ Low
0.6 Duarte and Chisc¢ano (1999) Upper limit
432 Gattusg “(2006) Upper limit
Macroalgae 1.4 D% al. (2013a) Low
2 ?G} so et al. (1998) Upper limit
@ Charpy-Roubad and Sournia (1990) Low
&1 Gattuso et al. (2006) Upper limit

6.8 Charpy-Roubad and Sournia (1990)  Upper limit
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new initiative!

From all around the world

Citizens worldwide are providing pictures (taken at low tide or underwater) to
map the worldwide distribution of marine forests. This important information is

available for everyone to use.

>hundreds of records > hundreds of citizens > thousands of followers

And growing. Join us at marineforests.com!

Biogeosciences, 3, 489-513, 2006 A .
www.biogeosciences.net/3/489/2006/ @ Brogeosmences
© Author(s) 2006. This work is licensed -

under a Creative Commons License.

Light availability in the coastal ocean: impact on the distribution of
benthic photosynthetic organisms and their contribution to primary
production

J.-P. Gattuso', B. Gentili', C. M. Duarte?, J. A. Kleypas®, J. J. Middelburg*, and D. Antoine'
Procedure

Combined info. on underwater light, global bathymetry and light requirements to
estimate the potential area available for macroalgae, seagrass & benthic microalage

+ SeaWIFS 1998-2002 (Jun-Oct)

+ Secchi depth (World Ocean Database)

+ Surface areas&depths (ETOPO2, GMT)

« Estimate of irradiance on the seafloor

« Review of vegetation light requirements

« Estimate of area with vegetation & area where NPP >0
* For non-polar & Arctic regions
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SeaWiFsS 2000
data
no data

Non-polar region Arctic region Total surface area
% of surface area % of surface area (108 km?)
Community Casel Case2 Casesland2 Casel Case2 Casesland2
Seagrass beds 16 32 23 - - - 432
Macroalgal communities 18 36 26 8 23 13 5M
Microphytobenthic communities 31 53 41 17 41 25 9.19
Coral reefs 8-13  14-26 11-19 - - - -

New projects
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)

lgrass meadows ~ 1900

Redrawn from Petersen(1901)

5
& [}
AS ,u Wl -
)
Redrawn from Blegvad (1935) 7

Based on survey among fishery officials Redrawn fromLund (1941)

108



NIVA 7213-2017

Limfiorden 345km2 84 km? (24%)
Dresund 705km2 146 km?2 (21%)

10-20% of 1900 area=
673-1345 km?

Bostromét al. 2003 & 2014

Steehr et al. in prep_
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| ghabitat charact

g

Eelgrass cover
s R EE SRR R R

1

Eelgrass cover

Sand  Clay/gravel

WO W W W W D & Sediment type
Light at seafloor

Staehr et al. in pre

110



NIVA 7213-2017

S

Potentiel dlegraesudbredelse |
Algoritme 2
-
-

777 NoData
Dybde til bunden > 11m

Steshr et al. in prep.

elgrass model initiatives

Ecological Modelling xxx (2016) xxx-xxx

Contents lists available at ScienceDirect

Ecological Modelling

iournal homenaae: www.elsevier.com/locate/ecolmodel

Ecological Modelling
Volume 333, 10 August 2016, Pages 11-42

Validating ( ®
Limfjorden ==

Paula Canal-Ve
Mogens R. Flin

Modelling stressors on the eelgrass recovery process in two
Danish estuaries

Kadri Kuusemae 2 P 2 =, Erik Kock Rasmussen P, Paula Canal-Vergés ¢, Mogens R. Flindt @

Ecological Modelling

£ 40

ELSEVIER journal homepage: www.eisevier.com/locate/ecolmodel

Review

Using a GIS-tool to evaluate potential eelgrass reestablishment in @w
estuaries

Mogens R. Flindt®*, Erik K. Rasmussen®, Thomas Valdemarsen?, Anders Erichsen®,
Hanne Kaas", Paula Canal-Vergés©
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of presence

kY|

o B Laminaria digitata = i *J
0-01 AR

01-02
02-03
03-04
04-05
05-06
06-07
07-08

® e 0o 0 0 0 s 0 v =

\

unpubl.

Stony seafloor
< 20 m depth (km?)

Natura 2000 areas
Other areas
Total

Zyad‘AlHamdani{ unpublished
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Revprojekt 2016

for Styrelsen for
Vand- og Naturforvaltning

4
SITENN

u :.- itside Natura 2@ 0

Revprojekt 2016
for Styrelsen for
Vand- og Naturforvaltning

Konbilag 3:

Morene udenfor Natura 2000
habitatomrider

Sgnaturforklacing:
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Available online at www.sciencedirect.com

“+.* ScienceDirect conentaL et (5

Continental Shelf Research 26 (2006) 2415-2432 —_——
www.elsevier.com/locate/csr

Y Primary production by macroalgae in Kattegat, estimated from =
monitoring data, seafloor properties, and model simulations

Jorgen (")be!'g*

Suitable areas

o2
-24m
:Mm
Bl si5m

Photo: Scott Bennett
A i

Photo: Peter Bondo Christenseilig il Photo Peter Bondo Christensen
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Photo=Peter Bondo Christensen

ost observation at 64°
d of the Godthabsfjordsyste

(O Historic obs.-eelgrass  # New obs.-no eelgrass
X New obs.-eelgrass 1 - 4: Sampling sites

Olesen et al. 2015, MEPS
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as compared to further south

Y =-0.745x + 59.1 [ Y=1.391x + 0.302
R?=0.574 R?=0.573

O
Greenland

Leaf formation (leaves yr')

50
Latitude (°N) Temperature (°C)

Leaf life-time:  1Atimesfaster leaf formation
Greenland: 140-220 days & per_ 1 °C increase in temperature
Southern pop.: 32.7 days

Olesen efal. 2015, MEPS

Kelp forests in Greenland

Initiatives applied 8 ;‘?
* Danish Research Foundation - q@;
(reply May 2018) %’; @ CTOPAR profies It

Distribution area from satellites
(light) & bathymetry — verified by
video & CTD (2018-2020)

@,

DANCEA (reply May 2018)
Distribution area from compiled
video-information (2018-2020)

For LS EX[St'ng Information Data collected by Sejr, Wegeberg, Geertz-Hansen,

Krause-Jensen, Marba, Rasmussen, Bruhn at al.
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Deeper, more productive kelp forests in areas
with longer open-water periods

Kelp depth limit (by video)

Blade biomass (g dw)

Depth limit - 10% cover (m)

50 100 150 200 250 300 350 50 100 150 200 250 300 350
Open-water period with light (days) Open-water period with light (days)

A coarse estimate:
Length of coastline: 44000 km (12% of global)
Majority rocky
Average depth limit (of 10% cover): ca 20 m
Width of kelp belt: Based on slope/width of @ o i
existing transectlines “&Uummannaq ke
Correct for variable cover ‘" X ’
E.g. 44.000 km X 1007 m belts X 100 % cover o3
=4.400 km? ,fa|unguit
" Itelleq -

A
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GIS information on Greenlands coast
Environmental Oil Spill Sensitivity Atlas

for the

West Greenland Coastal Zone
CD-version

A. Mosbech, K. L. Anthonsen, A. Blyth, D. Boertmann, E. Buch, D. Cake, L. Grendahl,
K.Q. Hansen, H. Kapel, S. Nielsen, N. Nielsen, F. von Platen, S. Potter, M. Rasch.

Produced for:

The Danish Energy Agency and Bureau of Minerals and Petroleum
Ministry of Environment and Energy Government of Greenland

June 2000

Summary

* Coarse estimates on area cover available for
Danish & Greenland marine forests

» Better estimates for Danish eelgrass
meadows by end 2018

Better estimates for Greenland marine forests
likely available around 2019

Lots of data available for ground truth

118



NIVA 7213-2017

11. Norway
Frithjof Moy, Institute of marine research, Research station Flgdevigen
Todays knowledge on blue forests
distribution and data availability
kelp, eelgrass, rockweed in Norway
Frithjof Moy
Institute of marine research
Havforskningsinstituttet
Research station Flgdevigen
A

Thursday 16. November 2017 - Miljgdirektoratet- 16:30 — 16:50

NORWAY  Km

2532

§ Kelp ith fjords and bays 28 953
Withistands AT
100915

* Most of coastline: Rocky shores
* Distribution and abundance of

* Kelp = &
Photo: FE Moy 9. EF_‘lgraSS = 0&
* Rockweed = ;{.\6\
9‘9
» RCZ
= Rockweed ©

A =~
o)

I3

L3N
% i\
Phote:*FE *{on
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National mapping
programme of marine
biological biodiversity
2007 - 2019

Photo: KM Norderhaug
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National mapping
programme of marine
biological biodiversity
2007 - 2019

Kelp = 1924 km2
* Eelgrass = 61 km2
* Rockweed =7

* Soft shallow =424 km2

(“
Buc F

L; Naturtype Region Nivarende areal Maks.* areal Biomasse & bi Maks.* bi

N (km?) (km?) = (kg/m®) (mill. tonn) (mill. tonn)

woymcoions | Tang Skagerrak 14 14 5 0.07 0.07

Nordsjgen 51 st | 5 0.26 0.26

Norskehavet 99 99 178 km2 5 0.49 0.49

1 14 14 5 0.07 0.07

Stortare  Skagerrak 469 469 | 10 4.69 4.69

Nordsjeen 884 884 | cecskm2 max- 7883 10 8.84 8.84

Norskehavet 4051 5507 10 40.51 55.07

500 1023 10 5.00 10.23

Sukkertare Skagerrak 150 748 | 10 1.50 7.48

Nordsjgen 979 1632 | 2022 km2 max:9812 10 9.79 1632

Norskehavet 893 6338 10 8.93 6338

0 1094 10 0.00 10.94

Alegras  Skagerrak 47 47 ] 1.9 0.09 0.09

Nordsjeen 9 9 | 74 19 0.02 0.02

Norskehavet 16 16 1.9 0.03 0.03

Barentshavet 2 3 .l 1.9 0.00 0.00

Sum 8180 17949 80 178

Steen 2005: Estimated the biomass of A. nodosum to around 1,8 mill tons along the
Norwegian coast, in densities of 4 - 7 kg/m2.

Steen 2009: Estimated standing stocks of L. hyperborea between 50 and 100 mill tons based
on a growth area of 5 000 - 10 000 km 2 and average densities of 10 - 15 kg/m2

Steen, H. 2005. Chapter 2.5. Hgsting av tang og tare. Kyst og Havbruk 2005 :52 — 54. IMR
Steen, H. 2009. Chapter 2.11. Stortare. Kyst og havbruk 2009 : 211 - 214 . IMR
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12. Norwegian GIS-models

Hege Gundersen, Norwegian Institute for Water Research (NIVA)
/ A\ 0 . 1
M\,ﬂ,ﬂwqub //jf
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Wave exposure (SWM)

Resolution 25m
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(N
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13. Prinsipper og kunnskapsgrunnlag for regnskap for utslipp og opptak av
klimagasser — basert pa sektor for skog og annen arealbruk

Ellen Bruzelius Backer, Miljgdirektoratet

Blatt karbon i utslippsregnskapet?

Ellen Bruzelius Backer, Miljedirektoratet, 17. okt 2017

Disposisjon

Noen refleksjoner rundt
— Prinsipper for foring av et regnskap
 Paraleller til skog og annen arealbruk
— Aktivitetsdata
— Utslippsfaktorer
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Prinsipper for utslippsregnskapet

Internasjonalt anerkjent
metode (IPCC GL)

— Struktur, metode, ligninger,
default-verdier, i
karbonbeholdninger... A

= Arlig rapportering

— men flerarig bokforing

» Forvaltet vs ikke forvaltet

— Skog? Vatmark?

» Beregner fluxer - ikke lager

MILJO-
DIREKTORATET

» Skog
- leyende biomasse? Hva
males, hva beregnes?

= Jord?
* Dyrka mark / beite / vatmark
/ annet areal?

» Tare -> gress, sedimenter ->
rotter??

= Arlige vekster - hva betyr det?
Vs lager i sedimenter?

> 4 .
MILJO-
DIREKTORATET
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Norsk territorium

* Hvordan vet vi hva som
skjer pa norsk territorium -
hva skal godskrives?

» Opptak av karbon? Vs
lagring?

MILJO-
DIREKTORATET

Aktivitetsdata

Geografisk omfang

Representativitet
— landsskogsflater

Arlig
Hvordan avgrenser man?

Foto: Hege Haugland n MILJO-

DIREKTORATET
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Utslippsfaktorer

= Carbon stock change -
forutsetter et lager - men for
blatt karbon er vel fluksene
mye storre enn lagrene?
» Lager - hvor?
» Forutsetter informasjon om
artssammensetning:
— Treslagsfordeling,
biomassefunksjoner
— Bunnsedimenter?

MILJO-
DIREKTORATET

» Usikkerhet - ma handteres

» Fluxene mye storre enn
lageret...

* Hvilke lagre er relevante a
snakke om?

» Hva betyr det at lagrene er
sa langt fra hverandre
geografisk?

MILJO-
DIREKTORATET
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14. Et forelopig karbonkretslop for tare i Norge/Carbon pathways for Nordic kelp
forest

Kasper Hancke, Norwegian Institute for Water Research (NIVA)

Carbon pathways for Nordic kelp
forests

Status of knowledge for Nordic carbon cycling in blue
forests

16-17 November at Miljodirektoratet, Helsfyr, Oslo

Kasper Hancke, Hege Gundersen, Karen Filbee-Dexter, Eli Rinde, Eva Ramirez-Llodra,
Trond Kristiansen, Helene Frigstad, Guri Sogn Andersen, Trine Bekkby (NIVA), Jon
Albretsen, Kjell Magnus Norderhaug (IMR), Morten Foldager Pedersen (Roskilde
Univ.), Thomas Wernberg (Univ. Western Australia)

Photos: NIVA (J Gitmark, K Hancke)

NII/“F‘ Kasper Hancke et al. 1 05.12.2017 1

The ecological relevance of kelp forest ecosystems

Barents Sea

~9000 km? of kelp forest on Norwegian coast
~40 mill. ton of kelp carbon

Kelp forest ensure

+ Coastal primary production (kelp
biomass)

* Increasing biodiversity and secondary
production

* Increase harvestable fish and crabs

Kelp BB
reforestation |

s Eutrophication
and warming

Gundersen et al 2010, Christie et al 2009, subm.
Nllﬁr' Kasper Hancke et al. | 05.12.2017 2
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Blue carbon sinks are built by plants and trees (otherwise
known as angiosperms such as mangroves, salt-marsh plants
and seagrasses) but the coastal ocean also contains vast areas

covered by algal beds. Most macroalgal beds (including kelp
i forests) do not bury carbon, as they grow on rocky substrates
where burial is impossible.

P

A RAPID RESPONSE ASSESSMENT

BLUE CARBON

THE ROLE OF HEALTHY OCEANS IN BINDING CARBON

Modified after Nellemann
m.fl. 2009

Marine versus terrestrial carbon storage

Globally, the marine carbon sequestration is on the same
scale as the terrestrial sequestration

s = =
[v] o (Y] ey
(=] (=] [=] ]

=]
=]

5

Carbon burial rate (Tg C yr-1)

[5]
(=]

NN

(=]

Tropical Boreal Temperate  Salt  Mangroves Seagrasses Kelp forests
forests forests forest marshes

Data from Mcleod m.fl. 2011

le‘l" Kasper Hancke et al. 05.12.2017 4
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Marine versus terrestrial carbon storage

Putting marine kelp forests on the global carbon map!

“The importance of KELP forest communities as carbon sinks
have been largely overlooked.... "

[y
[=]
(=]

=]
(=]

o
o

i
(=]

Carbon burial rate (Tg Cyr

%]
L=

o

Tropical Boreal Temperate Salt Mangroves Sea grasses Kelp forests

forests forests forest marshes

Data from MclLeod m.fl. 2011 and
Krause-Jensen and Duarte 2016

N’Mr-' Kasper Hancke et al. | 05.12.2017 5

nature |
geOSCIence PUBLISHED ONLINPE: ESEOPTSB‘}REOE EDAIU EI!CE:GEE

Substantial role of macroalgae in marine
carbon sequestration

Dorte Krause-Jensen'?* and Carlos M. Duarte®

- 2N \
/W L Badmminie |1

Figere 1| Map of the locations where b has b d. The types of macraalzae are isdicated for observations

Kasper Hancke et al. 05.12.2017 6
P |
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So here we are!

The major Blue Forest Carbon pathways of Nordic waters

co,

Stranded al g
e la Bak ., Transport locally and offshore Grazing
it POC |[——> [ o,

Mineralization

uoljesysanbas H0Q

Particular I
depositions

y A 4

POC sequestration

Figurer by K Hancke, H Gundersen, GS Andersen un. publ.

N,MF Kasper Hancke I 05.12.2017 7

Does the global budget apply to the Nordic?

% according to Krause-Jensen & Duarte 2016

co,
St ' ]
e » Transport locally and offshore 21% Grazing
W — | POC co 3
’ NPP Mineralization.—_2 o
i 16% ®
g 0% | [ooc| " |B
Seagrdss (REe . = 7% 2
e/ U, | 23% 5
Macroalgae\. = |2.3%_ )
Particular " g LR
I depositions 1%
| POC sequestration 3.7% I

Total C sequestration 11%
Figurer by K Hancke, H Gundersen, GS Andersen un. publ.

N,Mf Kasper Hancke I 05.12.2017 8
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The carbon budget
Production: 100 — 500 g C m?

(Krumhansl & Scheibling 2011, and others )

19%= 45 g Cm-2

s ‘ A%
“ — ‘<. ik = 380 ton C -
%.

2.3% =5.5g Cm-2
=46 tonC
Numbers refer to C export per year to Norwegian

waters, assuming 8000km2 of kelp forest (calculations
according to Krause-Jensen & Duarte 2016, global

N,wr' Kasper Hancke et al. $ssessment budget).

Here was we do have a good grip on...

Photographs: K. Filbee-Dexter and T Bakken

The major Blue Forest Carbon pathways of Nordic waters

Co,

Stranded algae s
| : Grazing
» POC | —————> co,

Mineralization

|

I DOC | o——p

|
v Seaweed

General understanding

uonessanbas H0qQ

Particular
depositions

| POC sequestration

Figurer by K Hancke, H Gundersen, GS Andersen un. publ.

NIM‘J Kasper Hancke I 05.12.2017 10
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Research in progress....

The major Blue Forest Carbon pathways of Nordic waters

Co,

KELP-Fate/KELP-
Float

Straned algae

| . Transport locaflv and offshore Grazing
22 POC |21 cO
L Mir'ueralllz::ltlor-|

I o

v Seaweed g

w

3

iy | DOC | e — | E

_ 4

Research in progress Kelp/ ‘L. el -/ §
Macroalgae ™\ : S

Particular i
I depositions

POC sequestration

Figurer by K Hancke, H Gundersen, GS Andersen un. publ,

le Kasper Hancke I 05.12.2017 11

KELP-Fate & KELP-Float
Modelling the transport of drift kelp under changing ocean conditions

Main questions (shortened):

1. How will seasonal production impact the export?
2. How will fragmentation alter drift export?

4. How will regime shift alter drift export?

initial (160) 4 | /2 o initial (160)
active (92) ] - active (92)
stranded (60) , stranded (60)
missing_data (8) A L) W missing_data (8)

. -146126100-80-60-40-20 0
NIV+ Depth (m)
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Research in progress....

The major Blue Forest Carbon pathways of Nordic waters

co,

KELPEX,
KELPPRO

Stranded algae -
| /- Grazing
POC | co,

Mineralization

— | DOC | — s

uonessanbas 50

Research in progress Kelp/
Macroalgae N
Particular [ 4]
! depositions

POC sequestration

Figurer by K Hancke, H Gundersen, GS Andersen un. publ.

NIMF Kasper Hancke | 05.12.2017 14

KELPEX: Project structure and aims

WP1 AIM: Quantify kelp
production and export... to
both shallow and deep, in
arctic Norway.

B

Produced in kelp forest Exported from kelp forest

N’V‘I Data by KELP-EX {(NFR-2016-2018) by Thomas Wemnberg, Morten Foldager
¥ Pedersen, Kjell Magnus Norderhaug, Eva Ramirez-Llodra, Karen Filbee-Dexter
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WP1: Production, export and turn-over of kelp detritus

Task 1.1: Quantifying the detritus budget - methods

+ Repeated quantification of density, morphology, kelp biomass & production.
+ Growth & erosion measured using the hole punch method.

Time 1 Time 2

Initial blade length
Final blade
length

Final punched
hole position
Initial punched
Inoie position

* Detritus formation based on:
- blade erosion (hole punch method),
- loss of entire blades in winter,
- loss of whole individuals (loss of tagged plants).

N , M . Data by KELP-EX (NFR-2016-2018) by Thomas Wernberg, Morten Foldager
Pedersen, Kjell Magnus Norderhaug, Eva Ramirez-Llodra, Karen Filbee-Dexter

WP1: Production, export and turn-over of kelp detritus

Task 1.1: Kelp growth & productivity:

T 000
=] o~ ToagingT=aeaprian 28
= 'é GODOGH S Masdbalince] LEISRIWE- 21
E 500 gsun:m—
= g
E A0 5 4000
=
=) 300 —0— Obla i T
g —— Nawllilatal g
2
2007 20008
"
E g‘
1007 2 opo
[=+]
& & o F— T T !
Augd oot Mard  May@  Aug? Aug-Ocs®  Oct-Mafl  Mar-May®  May-Augl
MonthE Period®

Seasonal changes in individual blade biomass and blade production mr2.

» Individual blade hiomass increases rapidly in winter/spring and decreases
through autumn/winter.

» Annual kelp production reaches 5 - 10 kg FW m-2 depending on methiod (tagging
seems to under-estimated true growth by ca. 50%).

N’Vl Data by KELP-EX (NFR-2016-2018) by Thomas Wernberg, Morten Foldager
T Pedersen, Kjell Magnus Norderhaug, Eva Ramirez-Llodra, Karen Filbee-Dexter
g =
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WP1: Production, export and turn-over of kelp detritus

Task 1.1: Loss of kelp material - detritus formation:

12000 B
% = —O— LosmibiadesT T4 RF W 22
o = e
= | = T @ - ErnglonESEEREFWEN. 12
g "E o]
= B0
. 506
£n %
e 600 B a0
A =
& £ 300
5 400+ %
t B oo
g -
a 200 EERT --s
3 m - -
oo : T : : o : T : )
i oam Maim  Mayd Aug Aug-Oct®  Qot-Madl  Mar-May®  May-Augd
Month@A Periodd®

Proportion of plants carrying an old blade and deiritus ‘production’ due to loss of
whole blades and through erosion.

« QOld blades are mainly lost between March and May-June - the annual loss of
whole blades (old, new and attached to lost plants) = 7.4 kg FW m=2.

* Loss through distal blade ercsion occurs at low rate over the year — the annual
loss through erosion = 3.7 kg FW m=.

N’l/l Data by KELP-EX (NFR-2016-2018) by Thomas Wernberg, Morten Foldager
T Pedersen, Kjell Magnus Norderhaug, Eva Ramirez-Llodra, Karen Filbee-Dexter

So here we are!

The major Blue Forest Carbon pathways of Nordic waters

Co,

Grazing

i
POC [=——241 cO 8
s Minerallzationl—2 (3]
3
et | DOC | e — i
[N m
= pad
Research in progress \ Blatt- o
karbon, 'g
3 KELPEX S
Particular ol
1 | depositions
POC sequestration
Figurer by K Hancke, H Gundersen, GS Andersen un. publ.
NIW Kasper Hancke I 05.12.2017 19
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WP2 - Fieldwork — kelp carbon export and sequestration

— ) ASLO

3

2.3 Production of Dissolved Organic Matter (DOC) in kelp forests i;‘.::._,:‘,‘.f.‘;._mﬁnm._l..’;;n;.is

. M € Tt P

Work in progress..... (samples in the lab from fieldwork Aug 2017)

Estigrns, Cooscal ond Shatt Boce

b o ﬁ:

i B GO S Sy [
-

The contrbubon of macroaigee b the cosetal dissohed

apserodit 2013

e

Produoctinm, respivation and exidation of dissolved veganii
matter by the kelp Lomivniie Syperbore

along the west coast o Narway 2004

Mudvnsiiint B ARG il Frie Talidan

e T L
LT D [P I Y PR

lev Kasper Hancke 05.12.2017

Major knowledge gaps..!

The major Blue Forest Carbon pathways of Nordic waters

CO,
Stranded algae ) ) i
| . s Transport locally and offshore Grazing =
| {9 *> | POC |=—> | cO o
v Seaweed B f -_ t Mineralization 2 0
: / §
——) DOC @ E—
Seagrdss [
) =4
Macroalgag ¥\, S
o
ajor knowledge gaps . N Enm
Particular i karbon,
| . depositions ¥ KELPEX,
POC sequestration |
Figurer by K Hancke, H Gundersen, GS Andersen un. publ.
le Kasper Hancke I 05.12.2017 21
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WP2 - Fieldwork — kelp carbon export and sequestration

2.2 Degradation rates and long-term storage of kelp organic matter in sediments

Fieldwork in the
Trondheimsfjord region,
sediment cores will be
collected to track kelp
organic matter and its
degradation

Possible trace methods
include:

Isotope analysis (C, N)
Corotenoids

eDNA

Lipid analysis

Aging using Pb210

NIV3-

Major knowledge gaps.. Summering up.

photo by T Bakken

Figur 2. Kjerneprpvetaker og sedimentkjerne (Foto: NIVA)

I

Kasper Hancke | 05.12.2017 23

The major Blue Forest Carbon pathways of Nordic waters

Co,

Major knowledge gaps

Grazing
POC | ————mm=dp

Seagrdss

Mineralization

Kelp/
Macroalga

uonensanbas J0Q

Particular
depositions

POC sequestration

NIVi-

Figurer by K Hancke, H Gundersen, GS Andersen un. publ.
Kasper Hancke | 05.12.2017 24
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Any questions or comments?

Thanks to all the cont g authors and related on-
going research projectsit

g
& :
en, Karen Filbee-Dexter, Eli Rinde, Eva Ramirez-Llodra,
' SogimAndersen, Trine Bekkby
4) Jon Albretsen, /\/ﬁ(l /\uwnm /m derhaug (#MR), Morten Foldager
Pedersen (Roskilde Univ.), Thomas Wernberg (Univ. Western Australia).

KELP-EX (NIVA)
KELP-Fate (NIVA)
KELP-Float (NBFN)
KELP-PRO (NIVA)
BURSE (NBFN)
SEAME (NBFN)

B S o B
jorward to furthei
;
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15. Diskusjon for kunnskapsgrunnlaget for tarekarbon og muligheter for a
inkludere dette i regnskap for utslipp og opptak av klimagasser.

‘Blank spots’ to discuss...

The major Blue Forest Carbon pathways of Nordic waters

I Co,

Traditional is

urchins. Else How to define

Empirical take-

‘!_j up, worth of when DOCis
= pursuing? importance? sequestrated?
e 3 -‘ \
Stranded algae : :
I \ . Transport locally and offshore Grazing

| B, POC > [ co, 3
/ v Seaweed t Mineralization o
Known L (WA vl e DOC =
estimates on Seagrdss 2
this? g Kel g"
e o o
M p/ | What are the g,

. acroalgae best
- ’ 3

Significant / < techniques to
relative to - [ measure C
kelp? Particular /“ seq?
depositions
| e POC sequestration
techniques/sa

mples be used

for kelp and
N’W seagrass? Kasper Hancke 05.12.2017 27
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16. Forvaltningens behov knyttet til overviking og bevaring av de bla skogene

Katrine Skjajaa Gunnarsli, Miljgvernavdelingen, Fylkesmannen i Aust- og Vest-Agder

ﬁ Fylkesmannen i Aust- og Vest-Agder

Forvaltningens behov knyttet til
overvaking og bevaring av
de bla skogene

Katrine Skajaa Gunnarsli, fagleder natur, Miljgvernavdelingen
Workshop blattkarbon, Miljedirektoratet 16. - 17. november2017

V4 .

422'.

@ Fylkesmannen i Aust- og Vest-Agder

» Offentlig forvaltning — kyst
— Lover, forskrifter, utredninger
Makroalger
— Okosystemtjenester
— Trusler
+ Vannforskriften
* Kunnskapsbehov
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@ Fylkesmannen i Aust- og Vest-Agder

Meld.St. 14

Offentlig forvalting - kyst @@%@
Y
- Mange etater e %@@Qf@g

- Flere lovverk, utredninger

- Beerekraftig samfunnsutvikling
- Biologisk mangfold

- Forurensning

- Klima

- Gitillatelser/planprosesser

- Habitat restaurering / tiltak

- Verdiskaping / neeringsutvikling k@)
oweit

S;Kur_}pskapsbasert forvaltning av helhetlige okosystemer “a“

~ 4 = (% §

&

ﬁ Fylkesmannen i Aust- og Vest-Agder

Makroalger -
okosystemtjenester

» Renser havet — begrenser eutrofiering
+ Reduserer havforsuring
KMy

» Artsmangfoldet (havets regnskog)

« Demper beolger, hindrer erosjon...

,' 5?:‘-"
& & o
ﬂ =i
ﬁ‘ i @ @ & o * http:/iwww.dykking.no/bilder/tareskog_stor_christian_skauge.jpg
- A 4 §
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i

@ Fylkesmannen i Aust- og Vest-Agder

Makroalger - trusler

Eutrofiering
Sterre tiltak
Mudring/dumping
Forurensing
Hosting

Trusselbildet er konsekvens av de
avgjerelser forvaltningen tar (eller ikke tar)

Kunnskap - tilgjengeliggjort
:;Trusler og konsekvenser/effekt av tiltak

hitp://iwww.dykking.no/bilder/tareskog_stor_christian_skauge.jpg

ik

@ Fylkesmannen i Aust- og Ves

Miljekils tand

Vannforskriften

......... e mcen e B e o e e s . Sodmilisuizna
+ Helhetlig og okosystemt & s o
- Malet er at alle vannfore i
- Referanseniva — mal
+ Tilstandsvurdering - stat A 1990 CANS 300 2020 2100 Ar
» Mal: god egkologisk tilstana —
- Tiltak - =
- Overvaking — virker det? Nye trusler? s ‘r

) D &
ow
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ﬁ Fylkesmannen i Aust- og Vest-Agder

Tilstandsvurdering - kvalitetselementer

Tabell 8.1 Sammenfatning av kvalitetselementer og parametere i klassifiseringssystemet

Biologiske kvalitetselementer Fysisk-kjemisk kvalitetselementer

Plante- Blotbunns- ‘ Fysiske Naerings- Oksygen
plankton' fauna ‘ salter
Para- | Kloro- Nedre Nedre | Artsmangfold | Siktdyp Nitrat + Oksygen
meter | fylla vokse- vokse- | @mfintlighet | Temperatur | Nitritt,
grense: grense | Sammensatte | Salinitet Fosfat,
MSMDI indekser og Total
abundans: fosfor Total

= - Vasn-Nett Horeg 2014 L]
. (8
Oataregitrening  rijep N

© Hvor er.‘i‘/j_né‘: ‘ AT P : =y
* Klassifisering - 1 R | N4 : e a8 S e 34
« Tilstandsvurdering=mal. g S Sy S

. Titak? ../ e e T A 3 BATI
"+ Overvaking.

g e \ J EES
L1 Kok Bitand
+ WY Dwwiopsk tistand
311 Brevareforeiomster
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Tabell 8.10

turtyper og i

di DN Hindbok nr. 19:

Fylkesmannen i Aust- og Vest-Agder Naturtype

Torre tareskogforekomster

Verdisetting

A - Lokaliteter med store, intakze tareskogomrader (>500 000 mr). | Skagermak regnes alie starre
tareskogsomedder som svaert viktige selv om utbredelsen er mindre enn 100 000 .

8 - Mindre omrader med tareskog (~100 000 )

A - de sterk avs over 10 knop eller lengden pd omrddet er >500m.

B - alle strammer over ca. § knop.

Vi kti natu r Flotder med naturlig vt med naturlig lavt | bunmwann (<2 miA)
g oksygeninnhold | bunmvannet s F)oudev der bunmannet tidvis har naturlig lavt oksygeninnhold
Spesielt dype flordomedder A - Flordomrader med dyp > 700 m.
8 - Fordomedder med dyp | Intervaliet 500-700 m.
Natu rtyper i kystvann Poller A~ Poller som ef e pdvirket eller updvirket av menneskelig aktivitet, om er starre enn ~200 000 m* og/eller
har spesielle arter.
8 - Andire polier som e ite pdvirket eller updvirket av menneskelig akaivitet
Lroralbassenger A -Store, urante litoralbasseng (>10 ),
srandavsetninger A - Store morenerygaer med god kontrast t miljeet for eviig.
8 - Mindre avsetninger.
Blatbunnsomrader | A - Starre strandflates (> 500 000 m¥) som er naringsomidde for bestander av overvintrende og trekkende
strandsonen vadefugler,
8- Storre > X ) som er for stedegne fugler (vadefugler, andefugler) og
fisk (ltlinger, flyndeer).
Koraliforekomster A - Alle store rev av Lophelia, bde pd eggakanten og | flordene, og alie tette bestander av homkoraller.
Leshiggende kalkalger A - Store forekomster av lestliggende kalkalger Alle av "ekte”
(geldne). N
8- dir v Kalkalger.
Rlegrasenger og andre A- av (> 100,000 n¥) ands og alle I
av akutt tuete som Dy Havfrugras og " g/ '
lcusuand Futforminger.
naer kjent samt mindre <1 ¥). \
A-Stnre g (> 100000 m?) av ren skjelisand pd grunt vann ned til ca. 10 m dyp,
ofte med spredt bevolsning av tare.

8 - Storre forekomster av ren skjelisand (> 100 000 m?). | Skagerrak regnes alle forekomster stase enn
€a. 20000 m? som viktige.

O hitp//kent naturbase.no, P - C Okartnaturbaseno e S
MILJO-
Sek..
DIREKTORATET Q
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¢ ’
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B (. Rk i
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% Fylkesmannen i Aust- og Vest-Agder

Forvaltning — ivaretakelse av bla skog

Trusselbildet

Arealutnyttelse
Utbygning
Inngrep
O verforbruk av ressurser

@kosystemtjenester
Baerekraftig ressursutnyttelse
Klimaregulerende
Biologisk mangfold

Forvaltningstiltak
Habitat restaurering
Atferdsendring

Fylkesmannen i Aust- og Vest-Agder

Forvaltning — bevaring av bla skog

Kunnskap om blatt karbonkretslepet bidrar til & bedre forsta
okosystemtjenester — og betydningen av dem
Mulige trusler
Aktuelle tiltak?

Kunstige habitat?
Akvakultur / nsering?
Hasting?
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ﬁ Fylkesmannen i Aust- og Vest-Agder
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NIVA: Norges ledende kompetansesenter pa vannmiljg

NIVA gir offentlig vannforvaltning, neeringsliv og allmennheten
grunnlag for god vannforvaltning gjennom oppdragsbasert
forsknings-, utrednings- og utviklingsarbeid. NIVA kjennetegnes
ved stor faglig bredde og godt kontaktnett til fagmiljgeriinn- og
utland. Faglig tyngde, tverrfaglig arbeidsform og en helhetlig
tilneermingsmate er vart grunnlag for a vaere en god radgiver for
forvaltning og samfunnsliv.
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