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Tém tit: D6i bo bién thanh phd Hai Phong 1a noi tap trung cic hoat dong phat trién kinh té véi
nhiéu khu cong nghiép va cang bién giy anh hudng truc tiép dén khong gian va méi truong song
cua cac h¢ sinh thai. Dac biét trong bdi canh bién ddi khi hau nhu gia tang nhi¢t d6 va muc nude
bién dang thi cac h¢ sinh thai noi day la nhing dbi twong co nguy co bi t6n thuong cao. Panh gia
tinh d& bi ton thuong cta céc hé sinh thai c6 ¥ nghia quan trong nham phat hién ra nguy co suy giam hé
sinh thai trong tuong lai, tir d6 dua ra nhung giai phap kip thoi dé bao ton va phuc hdi ching.

Nghién ciru di xdy dung bo chi s dénh gia tinh d& bi ton thuong ciia hé sinh thai trén co s&
nghién cuu diéu kién tu nhién, kinh té - xa hoi c¢6 anh hudng manh dén moi trudng séng cua cac hé
sinh thai, duoc chia thanh ba nhém chi s: d6 nhay cam, d6 phoi nhiém va kha ning thich tmg.
Céc chi s6 nay dugc chuan hoa, tinh toan thong qua cac cong cu GIS dé thanh 1ap ban d6 danh gia
tinh d& bi ton thuong clia cac hé sinh thai, tir 46 xac dinh duogc khong gian phan bd muc do ton
thwong ctia cac hé sinh thai duoc chia thanh nam mirc: rat thap, thp, trung binh, cao, rat cao.

Tir khéa: Tinh d& bi tén thwong, d6 nhay cam, d6 phoi nhiém, kha nang thich g, hé sinh thai.

1. Mé dau

Véi loi thé ngudn tai nguyén phong phu va
da dang, cung hé thong ha tang giao thong
thuén tién, déi bo bién di duoc con nguoi khai
pha tur lau, tré thanh noi c6 mat do dan sb cao
[1]. Cung v6i d6, d6i bd bién ciing 14 noi chira
dung cac hé sinh thai (HST) c6 nang suat va do
da dang sinh hoc cao nhu hé sinh thai rung
ngdp man, hé sinh thai tham co bién, hé sinh
thai ran san ho... Cac h¢ sinh thai nay co y
nghia quan trong dbi véi méi truong va con
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nguoi nhu diéu hoa vi khi hau, cung cép duoc
lidu, gd, cung cip ngudn thity hai san, va la noi
cu tra cua nhiéu loai chim, thi va cac loai dong
vat quy hiém...[2].

Khu vyc ven bién thanh phd Hai Phong c6
nhiéu hé sinh thai chiu anh huéng truc tiép cia
vung cang Hai Phong, d6 1a cac hé sinh thai
nong nghiép, h¢ sinh thai do thi hay cac hé sinh
thai bién nhu rimg ngdp min, c6 bién, ran san
ho...

Cac hé sinh thai trong luc dia & doi bo bién
thanh phd Hai Phong bién dong nhanh do phat
trién kinh té va d6 thi hoa, phan 4nh sy ting
truong kinh té cia Hai Phong. Hé sinh thai ring
ngdp man phan bd & ving ctra séng hinh phéu
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Bach Pang, bii triéu Phu Long, Cat Hai va D6
Son [3] v6i dién tich 16n nhung khoang 1.000ha
da bi pha huy dé phat trién néng nghiép. Hién
tai, tong dién tich rimg ngap min & Hai Phong
vao khoang 600ha, trong d6 c6 200ha & huyén
Cat Hai [4]. Hé sinh thai co bién c6 4 loai uu
thé tap trung trén dién tich 16n & Cat Hai, Pinh
Vii va Trang Cat. Tuy nhién, hau hét cic tham
¢ bién ¢ Dinh Vii da bi pha hay nhuong chd
cho cac hoat dong xay dung co s6 ha tang. Hé
sinh thai day blen bun cat gdbm cac ving dudi
trleu va vung tricu khong c6 ring ngdp man VO’l
tong dién tich 73.320 ha [5]. bay 1a bai gidng
tom, ghe, va nhiéu loai ca blen cling dang bi
suy giam nghiém trong vé ca sd lugng va chat
lugng. Vi vay, viéc nghién ciru danh gia tinh dé
bi tén thuong cua cac hé sinh thai ¢ doi bo bién
Thanh phd Hai Phong 13 can thiét nham phat
hién ra nguy co suy gidm hé sinh thai trong

tuong lai, tr 6 dua ra nhitng giai phap kip thoi
dé bao ton va phuc hdi chung.

Trén co s& tham khao cac hé thong phan
chia cac HST & cac quy md tir 16n dén nho cia
céc td chirc va c4 nhan nhu: Cuc Khao sat Pia
chat Hoa Ky USGS, T6 chiic Gido duc, Khoa
hoc va Van héa cua Lién hiép quéc UNESCO
(1973), Phan loai Tham thuc vat Qudc gia Hoa
Ky, phan loai dat ngdp nudc theo Cong wdc
RAMSAR, céac hé thong phan loai ctia Nguyén
Chu Hoi (2012), Vii Trung Tang (2004) [6],
nhom nghién ctiru da xac dinh cac tiéu chi phu
hop dé phéan chia cac HST trong khu vuc. Cac
tiéu chi theo thtr ty wu tién d6 1a: 1. Anh huong
cta thuy triéu (khong ngap triéu/cé ngap triéu);
2. Thyc vat phi (bé mat c6 16p pha thuc
vat/khong c6 10p phu thuc vat); 3. Pic diém
nén trdm tich (sét, bun, cat, ran da). Dya trén
C4c tiéu chi da chon, d6i bd bién thanh phd Hai
Phong dugc x4c dinh ¢6 14 HST (hinh 1).
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Hinh 1. Ban d6 phéan bd cac hé sinh thai d6i bo bién thanh ph6 Hai Phong.
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2. Co s6 khoa hoc va phwong phap danh gia
tinh de bj ton thwong

2.1. Khai niém va hop phﬁn ctia tinh dé bi ton
thuong

Tir nam 1979 dén nay, dinh nghia vé tinh dé
bi ton thuong da dugc nghién ctru va phat trién
boi nhu tac gia tiéu biéu nhu: Gabor (1979) [7],
Timmerman (1981) [8], Alexander (1991) [9],
Watt va Bohle (1993) [10], Cutter et al. (2000)
[11], Downing (2001) [12], Fekete (2009) [13],
Joanne Linnerooth Bayer (2010) [14]. Mac du
¢6 rat nhidu cach tiép can khac nhau trong
nghién ctru tinh dé bi t6n thuong, nhung diém
chung giita chung la: tinh d& bi ton thuong
thuong dugc dinh nghia la sy cAu thanh cua 3
thanh t6: do phoi nhiém, do nhay cam voi cac
suc ép bén ngoai, va kha nang thich tng.

Hién nay, c6 rat nhleu nghién ctru st dung
khai niém tinh de bi ton thuong cua Uy ban
Lién chinh phu vé Bién do6i Khi hau (IPCC)
[15-17]. Khai ni¢ém nay phu hop trong bbi canh
bién ddi khi hau toan cau va dugc cong thirc
héa nhu sau:

V=1(E, S, AC) 1)

Trong do:

- Do phoi nhiém (E) ¢6 thé duogc hicu 1
nhitng hiém hoa truc tiép (vi du nhu stc ép),
ban chit va quy md cua cac thay doi cia cac
dao dong khi hau cua mét vung (vi du nhu nhiét
d9, lugng mua, cac hién tuong thoi tiét cuc
doan...)

- Po nhay cam (S) thé hién diéu kién moi
truong x3 hoi co thé 1am cho cac tai bién tro
nén tram trong hon hodc lam giam nhe né.

- Kha nang thich tng (AC) thé hién kha
nang ap dung cac giai phap thich ing giup ngan
chin cac tac dong tiém tang.

2.2. Phwong phdp ddnh gid tinh dé bi ton
thuong

a. Cach tiéep can

Phoi nhiém Nhay cam
Nhimg tic Kha nang
dong tiém an thich ung
Ton thuong

Hinh 2. M6 hinh t6n thuong theo tiép can
khong gian [15-17].

Nghién ctru nay st dung cach tiép can theo
khong gian (spatial approach) véi sy trg giup
ctia hé thong tin dja 1y (GIS). Nghia 14 tat ca cac
loai s6 liéu thdng ké vé dinh luong hodc dinh
tinh dugc thé hién va biéu dién bang khong gian
trén ban dd (cac loai sé liéu vé ty nhién, kinh té
- xa hoi)

Tinh d& bi ton thuong dugc xac dinh théng
qua cac tiéu chi nhu: do phoi nhiém, tinh nhay
cam, kha ning chdng chiu phan anh cac dic
tinh tu nhién, kinh té - xa hoi hodc chi tiét dén
céc yéu tb phan anh tinh trang ton thuong trong
cac linh vuc cong nghiép, ndng nghiép, lam
nghiép, thiy san...

b. Phurong phdp chudn héa cdc bién

Céc bién gia tri dugc hiéu 1a mot dai luong
dugc dua vao trong mot cong thie toan hoc dé
tinh toan cho mot gia tri can tim. Viéc lua chon
cac bién trong viéc danh gia tinh dé bi ton
thuong phu thudc vao ly thuyet va phuong phap
tiép can két hop v6i y kién chuyén gia. Cac bién
chon khac nhau s& cho két qua khac nhau.

Pbi véi mdi mdt bién, do duoc do luong
béng cac dai lugng khac nhau (vi du: bién nhiét
do duoc do b?mg d6 C, muc d6 anh huong; hoac
chi s6 AC duoc do bang cac yéu t6 vé kinh té
x3 hoi). Vi vy, dé co thé danh gia duoc ta phai
dua cac dai lugng vé mot tryc (cung mét don
vi). Pon vi & day chinh 1a chi s6 danh gia. Vi
vay, ta ap dung cong thirc (2) dé chuin hoa cac
chi sd.
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X =X i
Zij — ij i Min ><100 (2)
X X
i Max i Min

Trong do:

- Zij: Gia tri duoc chuan hoa & loai i cua
vung j;

- Xij: Gi4 tri chua dugc chuan hoéa & loai i
cua vung j;

- Xi Max: Gia tri 16n nhat cta chi sb (cua
16p thong tin);

- Xj Min: Gia tri nhd nhét cua chi sd;

c. Quy trinh nghién ciru

Trén co sO ‘Eéng hop cac phuong phap danh
gia tinh dé bi ton thuong cua h¢ sinh thai trén
theé gidi va ¢ Viét Nam ket hop vdi viée xac 1ap
cac co so khoa hoc cho danh gia tinh dé bi ton
thuong cua cdc h¢ sinh thai ¢ d6i bo bién Thanh
pho Hai Phong ty 1€ 1:100.000, quy trinh
nghién ctru dugc xac dinh nhu hinh 3.

3. Co s6 tai liéu phuc vu nghién ciru

Dit liéu phuc vu cho viéc nghién ctu danh
gia tinh dé bi ton thuong cia cac hé sinh thai &

Gia ting nl)ié_t do
Muyec nude bien dang
Thay d6i lwong mua

; Kiqh ban
bién doi khi hau

Anh huong cua cac khu
cong nghiep

- Anh hudng cia cac khu
Kinhté-xahoi |— dan cu

- Tiép can giao thong
Muc d6 phu thuéc cua
cong dong

Do doc
Hinh thai

d6i bo bién Thanh phd Hai Phong gdm co: 1)
Céc tai liéu, cong trinh khoa hoc, bai b4do cong
b trong nude va qudc té co ndi dung lién quan
dén danh gia tinh dé bi ton thuong, dic biét la
danh gia tinh d& bi ton thwong cta cac hé sinh
thai; 2) Kich ban bién ddi khi hau ciia khu vuc
Hai Phong dén nam 2050 do bd Tai nguyén va
Mbi trudong - Vién Khoa hoc Khi tugng Thiy
van va Méi Truong xdy dung va cong bd nim
2012 [18]; 3) Ban d dia hinh ty 1¢ 1:50.000 va
ban d0 duong dang siu ty 1& 1:25.000, do bo
Tai nguyén va Moi truong - Cuc do dac va ban
d6 xay dung. 4) Sb liéu tong cuc thong ké. 5)
Ban d6 quy hoach phat trién khong gian Thanh
phé Hai Phong dén nam 2020 do Thanh phd
Hai Phong cong bo.

4. Két qua nghién ciru

4.1. Xa&c dinh cac chi sé trong danh gid ton
thuong hé sinh thai

D¢ danh gia tinh d& bj ton thuong, nghién
ctru da xac dinh cac chi s6 chinh S, E, AC va
nhom cac chi so phu tuwong ung (Bang 1).

phoi nhiém

Chi s

(E)

Ban d6 phan loai

nhay cam

cac hé sinh thai

Chi sb

()

x

o0s Suo.u waip o>

Co so dir ligu GIS

thich nghi

Chiso phén bd cac hé sinh thai
kha ning

(AC)

Bin do tinh dé bj ton thuong ciia
cdc hé sinh thdi & déi bo bién thanh pho Hai Phong

Hinh 3. So d6 quy trinh nghién ctru.
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Béng 1. Cac chi sb trong danh gi4 ton thwong HST

STT  Chi sb chinh Chi sb phu Y nghia
1 Chi sb tiép can giao Chi s6 nay thé hién cang gan h¢ thong giao thong, h¢ sinh
thong thai cang dé nhay cam
2 Anh huong cua cac khu  Chi s6 xac dinh: cang gan khu dan cu d6 thi HST cang dé
o dan cu nhay cam
Chi s6 nhay PO . an \ s A SR
. : \ . The hién mirc d6 nhay cam cua cac hé sinh thai doi véi
cam S Anh huéng ciacackhu .. 7, ~ S S
3 e N s viéc phat trién cac khu cong nghiép (Cang gan cac khu
(Sensitivity) cong nghiép A Y o
cong nghiép chi s6 nhay cam cang cao)
Mite 46 vhu fhube cia Thé hién mirc d9 phu thudc trong sinh ké doi voi HST va
4 o bt ¥ tai nguyén (Chi s6 dugc xac dinh tir s6 lao dong nong, 1am,

cong dong

5 Chi s6 phoi Nudc bién dang dén

6 ?g;i%sﬁre) 2B?21? dbi nhiét do dén
2050
. Chi s kha Do débe
ning thich ung
g  AC(Adaptive . .

capacity)

ngu/tong dan sb)
Xac dinh mirc 6 anh huong cia nude bién dang ddi voi
cac HST

Xac dinh mrc d6 anh hudng cta nhiét do ddi v&i cac HST
HST ciia nhitng khu vire ¢6 @6 doc cang cao cang ¢ kha
nang thich ung

HST c6 cdu trac dai va phan manh ¢6 kha nang thich ing
kém hon nhitng vung 15i tdp chung

4.2. Chudn héa chi s6 sir dung cong cu GIS

cuc dén hé sinh thai cang 16n. Chi s nhay cam
dugc tinh tir cac bién bao gom: Khoang céch

Chi s6 nhay cam S: Chi s6 nhay cam thé
hién muc d0 nhay cam cua hé sinh thai ddi véi
cac tiéu chi dwa ra. Nhitng khu vuc c6 chi sb
clia cac tham sd cang cao thé hién tac dong tiéu

anh hudng cua giao thong, Khoang cich anh
huong cia khu dan cu, Khoang cach anh huong
cua khu cong nghi¢p, Muc do phu thudc cua
cong dong (hinh 4, 5).
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Hinh 5. Chi s6 muc do phu thudc cua cong déng.

Chi s6 phoi nhiém E: Nghién ctru da dua
hai chi s6 chinh myc nuéc bién dang, mirc ting
nhiét d6 so vai thoi ky 1980 - 1999 theo kich
ban phét thai trung binh (B2) vao dé danh gi4

tinh dé bi ton thuong. Chi s6 phoi nhiém tinh tir
cac bién: Muyc nuéc bién dang TB dén nim
2050, Mirc ting nhiét do TB dén nim 2050
(hinh 6, 7).
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Hinh 6. Chi s6 muc nuéc bién dang TB dén nim 2050.
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Hinh 7. Chi s6 mc tang nhiét @ TB dén nam 2050.

Khd nang thich irng AC: Kha nang thich
mg ctia hé sinh thai cang 16n thi cang it bi dé
ton thuong. Nghién ciru 4p dung chi sb Area-
Weighted Mean Shape Index (AWMSI) dé tinh

bang trung binh “chi s6 hinh dang” cua céc
HST c6 hinh dang twong tmg véi mdi chi s6
hinh dang. Chi s6 AWMSI cang 16n thé hién
hinh dang cia HST cang dai, cang d& ton

chi s6 hinh thai cua cac hé sinh thai. AWMSI thuong (hinh 8).
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Hinh 9. Chi s6 d6 déc.

Budc tiép theo, nhom nghién ctru tinh trong
s6 cho céc chi s6 phu xep hang trong sb theo y
kién ciia chuyén gia. Két qua tinh trong s6 duoc

s6 phoi nhiém
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Bang 3. Panh gia trong s6 cho cac chi sb phu ciia chi

xac dinh theo cong thurc cia WWF (2013) [19]. STT  Chisb E;?g ;Fg ong
X Nudc bién dang dén nam .
W=—"i @3) A 3 05
X, L 2 .
= 2 Bién d6i nhiét d6 dén 3 05
Trong do: nam 2050 ’
-W  :Trong SO’Cua cac chi so phu Bang 4. Banh gia trong s6 cho cac chi sb phu cua chi
-n : Cac chi so s0 kha ning thich tmg (AC)
- X; : Xép hang theo y kién chuyén gia 7
(i=1; 2.. n) STT  Chisé e Lrone
ang  sO
Bang 2. Panh gia trong s6 cho cac chi sb phu cua chi 1 Df} doc B 4 0,44
s6 nhay cdm S 2 Hinh thai 5 0,56
iy Xép  Trong Béang 5. Banh gia trong s6 cho chi sb tinh d& bi tén
STT  Chiso hang 6 thuong (V)
Chi s0 tiep can giao
1 o : 2 0,125 . 8
thong STT  Chisd Ea?g Trons
Anh huong cua cac khu ;
2 dan cu ¢ 5 0,3125 1 Chi so nhay cdm S 3 03
3 Anh huong cia cac khu 4 0.25 (SQ,nSEtIVIty) . ’
cong nghiép ’ 5 Chi s6 phoi nhiém E 4 04
4  Miocdophuthugecia 03125 (Exposure)
cong dong : 3 nang thich img AC 03

(Adaptive capacity)
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) Sau khi xa:lc dinh dugc trong sb cua cac chi
s0 phu, chi s6 chinh dugc xac dinh theo cong
thac (4) [18].

n

Chi s chinh Zl# (4)

Trong do:

- Wizlla‘l trong sb thtr i da duoc tinh toan cua
cac chi so phu.

- A 1a gia tri cua cdc chi s6 phu thu i da
chuan hoa.

-n: 14 tdng s6 cac chi sé phu.

19

Nghién ctru thu dwoc cic ban dd céc chi sb
chinh téng hop sau (Hinh 10).

Ban d6 cac bién (tiéu chi) d& b ton thuong
cho thay:

- Theo ban d chi sd nhay cam, gia tri chi sb
cang 16n thi mirc d6 nhay cam cang cao. O phia
Bic khu vuc nghién ciru tdp trung nhiéu khu
cong nghiép, cic cang bién 16n nhu Pinh Vi,
Nam Triéu... ngoai ra, khu vuc quan Db Son ¢o
khu cong nghiép Db Son, bai tim ciing gy tac
dong tiéu cuc dén céac hé sinh thai 1an cin nén
chi s6 nhay cam rat cao. Cang ra xa, muc do
nhay cam cang giam.

n
e ey

St

y

W

Chu giai
Chisd === 4an1 & |ran13hS

Kkndnangthichung
{AC) tug hop

Fann gt Quaapée

148

-,

> UBND Thint g
* UBND Cudn/Husdn

)
Cramie

Chi s6 kha ning thich timg AC tong hop

Chi sb nhay cam S tong hop

Chis gial
Chi s phoi nhiém {€) ~~ 401310 1rén an
téng hon Ams g Qe

Aeagit Fhuargits

UEND Caaihuin

Chi s6 phoi nhiém E tong hop

Hinh 10. Cac chi sé AC, S, E tong hop.
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Hinh 11. Ban d6 déanh gid tinh d& bj ton thuong cuia cac hé sinh théi
& d6i bo bién Thanh phd Hai Phong.

- Theo ban d6 chi s6 do phoi nhidm, gié tri
chi s6 cang 16n thé hién muc do phoi cang cao.
Chi s6 phoi nhidm tong hop tir hai chi s6 phy la
chi s6 muc nuéc bién dang va muirc ting nhiét
d6 dén nam 2050. Vi gia thiét nhiét do ting
ddng déu trong ca khu vuc nén do phoi nhiém
cua cac hé sinh thai voi yéu td tang nhiét do
duoc coi la nhu nhau, vi vay muc nudc bién
dang 1 yéu t6 quan trong quyét dinh dén chi s6
phoi nhidm téng hop. Ly do 1a muc nude bién
dang lam mét dan dién tich cu tri ctia cac hé
sinh thai ven bién nhu: rimng ngap man, bai tridu
lay, bai cat bién.

- Theo ban d6 kha ning thich ung, gia tri
chi s6 cang nho thi kha ning thich ung cang
cao. Cac h¢ sinh thai c6 hinh dang dai va manh
c6 kha nang thich ing kém hon cac hé sinh thai
¢6 hinh dang khéi. Gia tri chi s6 kha ning thich
mg da phan cao ¢ khu vuc d6i bd bién Thanh
phd Hai Phong.

Nghién ctru nay da tng dung hé thong tin
dia 1y (GIS) chong xép trung binh hoa cac 16p
chi sb tong hop dé thu dwoc ban d6 danh gia
tinh d& bi tén thuong cia cac hé sinh thai & d6i
bo bién Thanh phd Hai Phong (Hinh 11).

5. Két luan

Cho dén nay, viéc danh gia tinh d& bi ton
thuong ciia cac hé sinh thai con gip nhiéu kho
khin do hai yéu t6 nhay cam (S) va kha ning
thich ing (AC) trong nhiéu truong hop rat kho
nhan dién mot cach chinh xéc, c6 nhiing chi s6
phu ¢6 thé dwoc st dung trong ca hai yéu td.
Tuy nhién, du nhin nhan & khia canh nao thi két
quéa cua chi sb ton thuong V khong thay dbi
(gia tri cua S nghich ddo vdi gia tri cua AC).

Nghién ctu d3 xac dinh dugc cac bién
chinh va phy dua vao tinh toan danh gia tinh dé
bi ton thuong cta cac hé¢ sinh thai trong bbi
canh bién déi khi hau. Thong qua viée chuan
hoa va tich hop c6 trong s6 cac bién bang cong
cu GIS da xac dinh dugc mirc do va khong gian
phan bd ton thuong ciia cac hé sinh thai doi bo
bién Thanh phd Hai Phong.

Két qua danh gia tinh d& bi ton thuong ciia
cac hé sinh thai & d6i bo bién Thanh phd Hai
Phong cho thiy: cic hé sinh thai ring ngap
mén, dAm nudi tdm c6 mirc d6 d& bj tén thuong
murc 4 (cao), dic biét 1a cac hé sinh thai gan khu
cong nghiép, cac khu dan cu thi mic do t6n
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thuong dugc danh gia & mirc 5 (rdt cao). Day
s€ la co so dé co thé dua ra cac bién phap bao
ton va phuc hoi cac hé sinh thai khu vyc nay.

Lo1i cam on

Nghién ciu nay duoc tai trg boi Truong

Dai hoc Khoa hoc Ty nhién trong dé tai ma sb
TN.16.16.
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Applying GIS for Vulnerability Assessment
of Coastal Ecosystems in Hai Phong City

Pham Xuan Canh, Nguyen Ngoc Thach, Nguyen Hieu,
Doan Thu Phuong, Bui Thi Hang

VNU University of Science, 334 Nguyen Trai, Hanoi, Vietnam

Abstract: Economic developments in coastal zone in Hai Phong city such as industrial zones,
seaports have significant impacts on living space and environment of ecosystems. Especially in
climate change theme as the rising of average temperature and global mean sea level, the ecosystems
here are at high risk of vulnerability. Vulnerability assesment of ecosystems is very important to detect
the risk of future ecosystem degradation, which helps to define the timely measures to preserve and
restore them.

Based on the study of natural and socio-economic conditions affecting the environment of
ecosystem, the research developed indicators to evaluate the vulnerability of ecosystems which are
divided into three groups: sensitivity, exposure, and adaptive capacity. These indicators after
normalization are the inputs for mapping vulnerability assessment of ecosystems through GIS tools.
The vulnerability are divided into five levels: very low, low, medium, high and very high.

Keywords: Vulnerability, sensitivity, exposure, adaptive capacity, coastal ecosystem.



