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ABSTRACT
It envinces that sea level rise aggravates low-lying
terrain inundation, storm surges, beach erosion,
and other ecological damages. The developed
agricultural system in the Pearl River Delta is at
a high risk to floods; and, in light of the tactical
significance of the Guangdong-Hong Kong-Macao
Greater Bay Area and its high vulnerability to sea
level rise and storm surges, it urgently requires to
study their impacts on the agricultural areas in this
region.

Taking Nansha District, Guangzhou City,
Guangdong Province, China as the study area,
this study builds a vulnerability evaluation model
of agricultural areas with the Source-Pathway-
Receptor-Consequence framework using an
indicator system upon exposure, sensibility,
and adaptation, and quantitatively predicts
the inundation risk level, financial loss, and
vulnerability patterns of varied scenarios of sea
level rise superimposed with storm surges with the
ArcGIS. The main findings include 1) the stimulated
proportion of inundated areas in minimum-risk and
maximume-risk scenarios is 73.38% and 87.96%
respectively, and the estimated financial loss in
both scenarios is RMB 3,897.3855 million and
7,140.4979 million, respectively; 2) the central
Nansha will suffer from a higher inundation risk,
and the northern and southern agriculatural parts
within the study area have a higher vulnerability
to flood disasters. Resilience strategies—through
defense, adaptation, or relocation—for each
vulnerable zone are then proposed accordingly.

KEYWORDS

Sea Level Rise; Coastal Agricultural Area;
Vulnerability Evaluation; Resilience Strategy;
Defense; Adaptation; Relocation
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1 Research Background

Topics such as the risks of global climate change and sea level
rise have attracted extensive attention worldwide. The Fifth
Assessment Report of the Intergovernmental Panel on Climate
Change (IPCC) reveals that global mean sea level, impacted by
increased greenhouse gas emissions and human activities, rose by
0.19 meter from 1901 to 2010, Sea level rise aggravates storm
surges, beach erosion, and seawater intrusion, wrecking the
natural ecosystems and socioeconomic development of coastal
areas”!, Studies predict that the 1-meter sea level rise would
lead globally to nearly § million square kilometers of submerged
land, inflicting about one third of the existing arable land and 1
billion population™,

In human’s production history, agricultural landscapes are
essential material resources shaped by centuries’ agricultural
activities and an indispensable component to local ecosystem
protection, environmental education, and tourism, as well as
social, cultural, and economic development”!. However, global
warming, extreme climate events, and sea level rise have resulted
in frequent agricultural disasters, causing severe damages to the
agricultural system and its productivity'®"*, Existing studies focus
mostly on risk and loss assessment, specifically: 1) evaluating the
impacts of sea level rise on agricultural production and economy,
including simulating inundated area caused by storm surges
and sea level rise, as well as predicting possible impacts on and
estimating economic losses of different crops”'"; 2) evaluating
the impacts of sea level rise on agricultural soil and water

124 combining with engineering-tested measures

environment
for improving agricultural structures, infrastructures, and
production modes'””'; and 3) evaluating agricultural vulnerability
by designing associated social, economic, and demographic
indicator systems and rating the vulnerability of studied
territories under comprehensive indicator systems'*""!. Overall,
however, existing studies give less attention to studying adaptive

factors*1?!!

, and little research has explored the superimposed
impacts of sea level rise and storm surges on the agricultural
landscapes in coastal areas. Nonetheless, research findings alarm
that under the superimposed impact by sea level rise and storm
surges, the agricultural land accounts for the largest proportion
among all types of submerged land in China’s coastal regions”.
The developed agricultural system in the Pearl River Delta is

at a high risk to floods. In light of the tactical significance of
the Guangdong-Hong Kong-Macao Greater Bay Area and its
high vulnerability to sea level rise and storm surges, it urgently
requires to study such impacts on the agricultural areas in this

region.
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1. BESKIMERLKESESH

1. Distribution of the
existing agricultural
areas of Nansha District

Taking Nansha District, Guangzhou City, Guangdong
Province, China as the study area, this study builds a
vulnerability evaluation model of agricultural areas with the
Source-Pathway-Receptor-Consequence (SPRC) framework'>”
using an indicator system upon exposure, sensibility, and
adaptation, and quantitatively predicts the risk level,
vulnerability patterns, and financial loss of varied scenarios
of sea level rise and storm surges. Adaptive strategies for each

vulnerable zone are then proposed accordingly.

2 Study Area and Research Methods

2.1 Study Area

Nansha District sits in the southernmost part of
Guangzhou and at the center of the Pearl River Delta
(22°26' ~ 23°06' N, 113°13' ~ 113°43' E). It acts as the land-
and water-transportation hub of the cities along the Pearl River
and the only channel connecting the city with the sea. Covering
an area of 803 km?, the district is composed of 9 towns and
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Based on the definition
by IPCC, a number of
studies adopt indicators
to evaluate a certain
system's vulnerability
(V) upon exposure (EJ,
sensitivity (S), and
adaptation (A, i.e. V=
E+S-A(Source: Ref.
[28]).
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The SPRC model for
the assessment on
agriculture vulnerability
to sea level rise
superimposed with
storm surge in Nansha
District

AL B A RICERI ;. WFFERW, A 22 LRz i DO
b T1 3 E R 4.08mm/yr ™

MK &AL, WERZ, R FIEFE, Al 28T AR
(5 AUKF=FR5EE (KH) SE, BIE A N119.14km’, J5#
A 80.03km™, 2017440 B =l }86.3242 78, Herp Al = (H N
46.131275, IKF=FRFENE R 32.784¢ 5 ARG, R AR R SR AR AR
AR IR X A S5 20 B DR & R, Rl + M HOR G, SRS
R BN, AT 5512 b DXFE AR b 9 56y T AR 1) [T
BV XY R M R T 5, AT A TR R B R v A5 M DX U
TN P B Al R GRS T B AR, B R A N B R
KA KT Al X 52 5 AR -

2. 2 MaggPEvEAh U

“Magstk”  (vulnerability ) —IalfR i BRI ERFFT4IK,  H Al
72 N FHF R AR . SRS S ARSI AR S
SARASALF TSR H AT 3Z R HIPCCR TESS R E X, B “—A &
B 45 5y 18 3% 5 T N S AR A —— A 8 S AR R R —— 7
WRAFE MR, & RGN TRAILRAE . R AR bR
SHCAURRE I 7 R g R P

FESARASAESE R (I S i S DA B b, B TR FH AR T
ZHJESPRCEIRY , B LA OCR N EER, TR RS2 ] (AH 5 5%
Wi B FLa RRARRAE o AR AR ) R THESEUSTT H R, I T4
SGEAE AR T VST T R R X 1 e DX Ak S5 28 B S M
TEARWFIERISPRCEIRL ([K]2) ), IR (S) FRAMEEI B4 xT
VT T KRR E s A (P) FoRFEMIEX S2 R 7= A 5 i )5
B, TEARDEGE £ BRI TR A R . XAk T
BAR R ARl X I B s 52K (R) R 281 7+

SPRCH&EY
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sub-districts (Fig. 1), among which the Huangge Town and
Nanshajie Area are more urbanized. On the whole, Nansha
is topographically low-lying and prone to natural disasters
such as typhoons and rainstorms. Research evidences that
the sea level in this area rose at an annual rate of 4.08 mm
over the past half century.

Nansha boasts considerable agricultural resources and
a rich network of rivers, lakes, and ponds. Its agriculture
is pillared by crop farming and aquaculture—119.14 km®
for dry farming and 80.03 km” for water farming. In 2017,
the total agricultural output stood at RMB 8.632 billion,
to which the crop farming and the aquaculture contributed
RMB 4.613 billion and 3.278 billion respectively'®'. However,
the increasing global climate change and rapid urbanization
lead to a huge loss of agricultural land and are destroying
the ecological pattern of local landscapes, undermining the
resilience against agricultural disasters”®. At the same time,
Nansha enjoys a large number of coastal wetlands; the ones
in offshore areas such as Longxuejie Area and Wangqingsha
Area are well protecting the inland agricultural systems. Still,
intensive human activities along the coastal areas aggravate the
risks of agricultural disasters.

2.2 Vulnerability Evaluation Model

Vulnerability was first used in disaster study and now has
been adopted in research on land use changes, climate change,
and ecological environment evaluation”'. In the field of climate
change, as defined by IPCC, “vulnerability is the degree to
which a system is susceptible to, or unable to cope with,
adverse effects of climate change, including climate variability
and extremes. Vulnerability is a function of the character,
magnitude, and rate of climate change and variation to which a
system is exposed, its sensitivity, and its adaptive capacity” .,
The SPRC model is most-used to evaluate the vulnerability

of coastal areas under the impact of climate change. This
G s 203 LR causality-based model can reveal the interactions between
Source Pathway Receptor Consequence systems and the process characteristics. It was first proposed
- — in the THESEUS project to evaluate the social and economic
Sfjﬁj ie Eﬁiﬁ Dry:f';fning Impact by disasters impact of sea level rise and storm surges on coastal areas under
j § n J = climate change™*”). For the SPRC model (Fig. 2) employed in
+ 'L %* A 'I— J — this study, Source (S) stands for the absolute sea level rise and
Sm):ﬁfges e fous Rz.ﬁe*nifjﬁ.it storm surges resulted from climate change; Pathway (P) stands
farming disasters for the impacting process of the source on the receptor, i.e. the
— ¢ dikes’ damage and the inundation of the agricultural areas in
= 3 3 3 51"[& low-lying terrains caused by sea level rise and storm surges;
REM SR BRIt £ Receptor (R) stands for the agricultural areas affected by sea
Exposure Sensibility Adaptation 2 level rise and storm surges, i.e. the dry and water farming
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Table 1: The indicator system for vulnerability evaluation of the sea level rise impact on farming areas in Nansha District

&S E TRGIEIR i HiEskiR R
Aspect Indicator Unit Data source(s) Polarity
ERRE IPCCE R RIFEREFFEEFATNLER ( S%3K01])
REE Inundation depth m ZEMEAN KEBIEKOTUNE ( S%3CHR30]) _
Exposure The estimated sea level rise by the 5th IPCC Report (Ref. [1])
The findings by Li Guosheng et al. on the estimated increasing water level by storm surge (Ref. [30])
FHREFMERE RMB/hm’ 2017 MEDEREFMUSELREITEL (SEHRB1])
SRt Financial loss of dry farming area 2017 Statistical Yearbook on Economic and Social Development of Nansha District, Guangzhou (Ref. [31])
Sensibility N _ . . N . N
KEEFMERK RMB/hm? 20175 MEDEREFIMSERGEITEL ( SEHRB1])
Financial loss of water farming area 2017 Statistical Yearbook on Economic and Social Development of Nansha District, Guangzhou (Ref. [31])
7T BN RMB 2017 MEDRBAESAFFEX (SEXHRI32] )
Local fiscal revenue Public Information Inventory of Nansha District Government, Guangzhou (Ref. [32]) +
RAWACOLLE B EOREZREERYES TEHIRMRSSIRE (5% 3HR33]) _
Proportion of agricultural population No. 5 Report of the Communique on Major Figures of the Third National Agricultural Census of Nansha District (Ref. [33])
pEAAES . . . .
Adaptation BAOLE . PATEARSEAOEEEEEIRAR ( SEHI ) i
Proportion of illiterate population Communique on Major Statistics of the 6th National Population Census of Guangzhou City (Ref. [34])
BANERBEERE Km/hm? OpenStreetMapith Bl 44 B .
Mileage per unit area Database of OpenStreetMap
HMERE B B XHEMRRR_KIAERE ( SHEHRI35] )
Forest coverage Planning and Design Report of Forest Resource Inventory of Nansha District (Ref. [35]) *

£
i
W R REgnEE, +7 RRIEEFMWEE,

NOTE
"-" means negative factor and "+" means positive factor.
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areas; and Consequence (C) stands for the impact of sea level

rise on agricultural areas in inundated area and financial loss.

2.3 Indicators for Vulnerability Evaluation

With the SPRC evaluation model, this study develops an
indicator system on exposure, sensibility, and adaptation to
evaluate the vulnerability of the agricultural areas in Nansha
District to sea level rise and storm surges. In addition to
quantifying the predicted inundation depth and financial loss
in varied scenarios, this indicator system is used to map the
regional temporal-spatial heterogeneity as well (Table 1).

2.3.1 Inundation Depth
This study predicts the inundation depth by sea level rise

superimposed with 50-year, 100-year, and 200-year storm surges

respectively. The employed calculation equations are:
H=Hr+ (T =Ty ) x (Vi =V;) (1)

where H stands for the relative rise of local sea level, Hy
for the rise of global sea level in the predicted year, T for the

VOLUME 8/ISSUE 3/ JUNE 2020
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predicted year, T, for the benchmark year, V, for the speed of
local sea level rise, and V, for the speed of global sea level rise.
Inundation depth is obtained with

D=H+S-E (2)

where D stands for the inundation depth, H for the relative
rise of local sea level, S for the increased water height by storm
surge, and E for the existing elevation of the predicted inundated
terrain.

In Equation (1), the forecasted values of global sea level rise
in 2030, 2050, and 2100 are sourced from the Ocean Studies
Board of the National Research Council, the United States"®
the simulated rate of local sea level rise is set with 0.004 m/yr,

N
5

according to the findings by He Lei et al.*"; and the simulated
rate of global sea level rise is set with 0.0017 m/yr, sourced
from the Sth evaluation report of IPCC'". In Equation (2), the
predicted increasing water height by storm surge in 50-year,
100-year, and 200-year predictions each is sourced from the

1.°" based on their 30-year data

findings by Li Guosheng et a
collection at 17 tide monitoring stations in the coastal regions
of central Guangdong; and the elevation data comes from the
12 m x 12 m digital elevation model (DEM) based on the Pearl
River Datum. The total predicted height of sea level rise by
storm surges in 2030, 2050, and 2100 is obtained (Table 2),
then subtracts the existing elevation of the inundated terrain to

get the relative inundation depth on the ArcGIS 10.0 platform.

2.3.2 Financial Loss of Dry and Water Farming Areas

The financial loss of agricultural areas is highly related
with the inundation depth, and a rough financial loss can
be estimated according to the coefficients (Table 3) between
inundation depth and financial loss, sourced from the study
made by Shi Ruigin et al.”” The financial loss in this study is
calculated with the equation below:

DW,=DW; x DW,, x DW, (3)

where DW, stands for the financial loss of farming area,
DW, for the inundated area, DW, for the agricultural yield per
unit, and DW, for the coefficient between inundation depth
and financial loss of agricultural yield. The inundated area and
the inundation depth are obtained through the calculation in
each scenario with the ArcGIS 10.0 platform. The agricultural
yield per unit is sourced from the 2017 Statistical Yearbook
on Economic and Social Development of Nansha District,

Guangzhou".,
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Table 2: Three different scenarios of sea level rise coupled with storm surge

Fn BFELASE (m)

Year Sea level rise (m)

REFEX (m)

Storm surge (m)

BEFASE (m)
Total rising height (m)

505F—i8
50-year storm 2.79
(2.606)

1005—iB
100-year storm 3.02
(2.843)

2030 0.180

2005 —i8
200-year storm 3.26
(3.078)

505F—i8
50-year storm 3.00
(2.606)

1005—iB
100-year storm 3.24
(2.843)

2050 0.398

2005 —i8
200-year storm 3.48
(3.078)

505F—i8
50-year storm 3.74
(2.606)

1005—iB
100-year storm 3.98
(2.843)

2100 1.137

2005 —i8
200-year storm 4.22
(3.078)
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The study area’s adaptation to disasters can be measured
with indicators such as local fiscal revenue, proportion of
agricultural / illiterate population, mileage per unit area, and
forest coverage. The local fiscal revenue is positively correlated
with the resilience against floods"®; People’s production and
living activities would be more vulnerable to disasters if there is
a larger proportion of agricultural population®”; According to
previous hypothesis, a lower proportion of illiterate population
in the study area reflects that the locals have a stronger disaster
relief awareness and capacity'”. The mileage per unit area
defines the transfer efficiency of population and properties
when floods occur—a better accessibility leads to less losses and
a higher adaptation"; Since forests help regulate climate and
conserve water and soil resources, a higher forest coverage leads
to a lower agricultural vulnerability to floods'*. Table 1 lists all

the data sources above.

2.4 Calculation of Vulnerability Index

Based on the vulnerability evaluation model and the
indicator system, this study calculates the vulnerability index
to assess the relative vulnerability levels of each town or
sub-district in Nansha. Referring to the study by Huang
Yunfeng et al.'’!] this study adopts the equation below for the
calculation of vulnerability index:

VI = SI
= (4)
where VI stands for the vulnerability index, SI for the

sensitivity index, and AI for the adaptation index. To eliminate

=3 WRRESRETREXR

Table 3: Coefficients between inundation depth and financial loss of agricultural yield

HERRE (m)
Inundation depth (m
RERR pth (m)
Agriculture type
0~05 0.5~1.0 1.0~2.0 2.0~3.0 >3.0
Lt ]
Dry farming area 0.25 0.5 0.8 1 1
KH
Water farming area 0.1 0.2 0.3 0.6 !

i*
BIREARFEXRSE LHEZANRFRETEAR (SASEEB2]) , REBRIEMTEHZ.

NOTE

The coefficients are sourced from the study by Shi Ruigin et al. (Source: Ref. [32]), which does not take
the differences of crop types into account.
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the dimensional impact of different indicators, sensitivity and
adaptation indicators are normalized with the maximization-
minimization algorithm in this study on the resilience assessment
against disasters'*". Below is the calculation equation:

Xj; — min x;

v ——— (5)
max x; — min x;
where j stands for the type of indicator; i for the indicator

value; z; for the normalized value of the j type indicator; x;; for
the value of the j type indicator; min x; for the minimum value
of the j type indicator; and max x; for the maximum value of the
j type indicator. Based on Equation (5), SI (sensitivity index) is
the normalized index total of the financial loss of dry and water
farming areas; and AI (adaptation index) is the normalized
index total of indicators such as local fiscal revenue, proportion

of agricultural / illiterate population, mileage per unit area, and

FLHFIK FZ 5 B RARHEL IR B AN 3d REPEFREA IR 7 s 7
B . AR/ SCE N O 7 TR AR I 4 FELRE e AR O 2 5 5
FEPR IR IS B Al
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FURMZ R 4 m To/K H, Al B2 B T p U0 b X3 T B b A
TR AV, TR R P A A G R AR o AR AR ICHE MU Tt BI20304F
VET-TE 1 FH0.180m & JNSOAE — I8 KB T T, iR AL Lok

forest coverage.

3 Results

3.1 Inundation Depth and Financial Loss of Agricultural Areas in

Varied Scenarios

Table 4 lists the simulated inundated area and the associated

financial loss by sea level rise superimposed with 50-year, 100-

year, and 200-year storm surges. Generally, the inundated area

and financial loss increase as sea level further rises, and those

of dry farming areas keep larger than those of water farming

areas across the scenarios—probably because the dry farming

area takes a larger proportion in the study area and has a higher

financial loss coefficient. In the minimum-risk scenario, i.e. sea

level rises by 0.180 meter in 2030 superimposed with a 50-year

#4: FRANMEERTRUKFGAEREAEREFIRK

Table 4: Flooding area ratio and financial loss of agricultural area under different risk scenarios

SHELmRE IKEEIRERE
N (&FRk / Bt) (&% / BT) it
BFELEASE (m) Crop farming flooding area ratio Aquaculture flooding area ratio Total
(£13) (financial loss / ten thousand RMB) (financial loss / ten thousand RMB)
Sea level rise (m)
(vear) N . . . N N N . N . . N
S50FE—BREH 1005F—B N R 200F—iB NFH 50F—IBNEH 100F—BRRH 200F—BXRH S50FE—BREH 100F—B N R 200F—iBNEFEH
50-year storm 100-year storm 200-year storm 50-year storm 100-year storm 200-year storm 50-year storm 100-year storm 200-year storm
0.180 40.74% 43.87% 43.94% 32.64% 35.48% 35.57% 73.38% 79.35% 79.51%
(2030) (304,218.33) (339,333.41) (447,070.61) (85,520.22) (105,814.32) (112,055.35) (389,738.55) (445,147.73) (559,125.96)
0.398 43.87% 43.89% 46.26% 35.48% 35.49% 37.74% 79.35% 79.38% 83.98%
(2050) (337,309.98) (352,207.45) (462,651.58) (105,309.00) (111,200.53) (121,008.07) (442,618.98) (463,407.98) (583,659.65)
1.137 46.13% 46.14% 48.00% 37.83% 37.87% 39.96% 83.96% 84.01% 87.96%
(2100) (391,065.59) (396,633.77) (530,592.36) (151,649.82) (169,399.89) (183,457.43) (542,715.41) (566,033.66) (714,049.79)
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73.38%, LU N389 738.550570; FEdw i U E MK HiLR, BI21004F
TR EFH1.137maS IN2004F— 8 KR BT, Al 5o A
L6 487.96% , ZEFFHE HT14 049.7971 IC

AR TN B WE s ) AR S5 R R W], Bl T g i T, R
PR TR BE AR (1&13) o o, FERARME 5, BI20304 1
SFTE EFH0.180m A N SOAE— 8 XU T5t T, CHB 434 FH S IR E 7E
0.5~2m2Z [i]; A6 5 KU T, RI2 1004F i _F T 1.137mBf12004F
— KB IR N, KA BRI F2m b b il X R [

storm surge, 73.38% of agricultural areas would be inundated
and the estimated financial loss is RMB 3 897.3855 million. In
the maximum-risk scenario, i.e. sea level rises by 1.137 meter in
2100 superimposed with a 200-year storm surge, the estimated
figures are 87.96% and RMB 7 140.4979 million.

The simulated inundation depth increases as sea level rises
across the scenarios (Fig. 3). In the minimum-risk scenario, i.e.
sea level rises by 0.180 meter in 2030 superimposed with a 50-
year storm surge, the inundation depth of most agricultural
areas ranges from 0.5 meter to 2 meters. In the maximum-
risk scenario, i.e. sea level rises by 1.137 meters in 2100
superimposed with a 200-year storm surge, the inundation depth

of most agricultural areas exceeds 2 meters. It is concluded that

#5: TRENMER TARBXARY XSRS

Table 5: The vulnerability index of agricultural areas in different administrative units under different risk scenarios

Fn
Year
[23pLE
FZXIHZR 2030 2050 2100
Area
50F—B N R 100FE—IBNEH | 200FE—BXFEH S0F—iB MR 100FE—BRREH | 200F—BNFEN 50F—B N R 100FE—BREH | 200FE—BRREH
50-year storm 100-year storm 200-year storm 50-year strom 100-year storm 200-year storm 50-year storm 100-year storm 200-year storm
01
B 0.00 0.01 0.01 0.00 0.01 0.01 0.01 0.02 0.02
Nanshajie Area
02
B 0.62 0.82 1.02 0.72 1.03 1.08 0.87 1.26 1.27
Lanhe Town
03
I 0.08 0.1 0.13 0.09 0.13 0.15 0.14 0.21 0.22
Zhujiangjie Area
04
KRR 0.91 1.26 1.49 1.00 1.51 1.54 1.20 1.91 1.92
Dongyong Town
05
HEHE 0.09 0.21 0.23 0.10 0.22 0.24 0.12 0.26 0.27
Huangge Town
06
KRE 0.44 0.63 0.74 0.48 0.74 0.75 0.53 0.89 0.89
Dagang Town
07
VNS 0.20 0.87 0.88 0.28 0.88 0.88 0.50 1.54 1.55
Longxuejie Area
08
b E 0.29 0.57 0.67 0.38 0.68 0.79 0.55 1.15 1.20
Wangingsha Town
09
vk 0.19 0.25 0.30 0.21 0.30 0.31 0.24 0.35 0.36
Hengli Town
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the agricultural areas in the central Nansha (mainly including
Areas 4, 6, and 9) are most vulnerable, which will be inundated

with floods of over 3 meters as simulated.

3.2 Vulnerability Evaluation of Agricultural Areas in Varied
Scenarios

After calculating the vulnerability index of each town or sub-
district with the equations above, a vulnerability pattern of the
study area is obtained with the ArcGIS platform. From 2030 to
2100, the vulnerability index in Nansha grows as sea level rises
(Table 5), among which the index of Area 4 is the highest and
that of Area 1 the lowest. It is probably because Area 4 suffers
from a larger inundation depth and a larger inundated area
while being weak in adaptation; and things in Area 1 are on the
contrary. The indexes of Areas 7 and 8 grow by a large margin
from 2050 to 2100, which is resulted from the considerable
increase of the inundated area or inundation depth caused by
sea level rise and storm surges.

By identifying the vulnerability indexes into 5 levels with
the Natural Breaks in the ArcGIS platform, the distribution
pattern of each scenario of sea level rise superimposed storm
surges is obtained (Fig. 4). It reveals that the southernmost and
northernmost parts in the study area are the most vulnerable
(covering Areas 2,4, and 7, all in a high-level vulnerability),
while Area 1 and the southern part of Area 8 are less
vulnerable—Both two parts have a better adaptation, and
particularly, the embankment in Area 8 enhances its resilience
against disasters in future. In the maximum-risk scenario, the
overall vulnerability of the agricultural areas in Nansha is above
the medium level, and Areas 2 and 4 in the north and Area 7 in
the south will suffer from an extremely high vulnerability.

4 Resilience Strategies

As climate change intensifies and sea level continues to
rise, it is pressing to come up with effective adaptive strategies
for the agricultural areas in Nansha which matters concerning
regional future development. At present, strategies to sea level
rise that are widely adopted for coastal regions include defense,
adaptation, and relocation'*’. Based on the existing conditions
of the study area, this research examines the differences, pros and
cons, and the spatial patterns of each kind of strategy (Fig. 5).

4.1 Defense

Defensive strategies are often developed to minimize
the impact of sea level rise and storm surges on a territory’s
agricultural resources by strengthening coastal protection
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measures against disasters without altering its existing spatial
structure and production mode. In this case, Areas 1, 7, and 8
are prone to seawater erosion, where high-standard defensive
measures should be put in place. At the same time, the southern
parts of Areas 7 and 8 have considerable aquaculture and
wetland resources. As single-purpose hard-engineering defensive
measures (e.g. constructed embankments) would damage the
coastal wetlands and disturb related ecosystems, soft resisting
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methods need to be more employed, for example, introducing
wetland plants and man-made sand dunes to form natural
buffers so as to protect shores and ecosystems from seawater
erosion. The coasts of Area 1 is mostly occupied by built-up
urban development, where hard-engineering defensive measures
can be adopted to cushion the damage to urban properties.

4.2 Adaptation

Adaptive strategies are conceived to relieve or mitigate the
potential impact by sea level rise and storm surges by making
adjustments in process, measure, or structure’”’"**, As analyzed
above, the central Nansha, covering Areas 4, 6, and 9, are
at a higher risk of being inundated. For these areas, modern
engineering and technical approaches (such as raising flood
control standards of agricultural structures, traffic facilities,
and other infrastructures) should be adopted to support the
development of the existing agricultural areas; meanwhile, as
these areas are dominated by low-lying dry farming land, the
agricultural structure and production mode need to be adjusted
to cope with environmental changes by aggravating sea level
rise and storm surges. Measures, such as introducing more
saline-alkali-tolerant plants into the possible inundated habitats,
diversifying aquaculture products, and enriching water-farming
crops, would help. Also, programs in agricultural tourism, public
education, and academic research are encouraged to foster new

production modes and spur economic growth.

4.3 Relocation

Relocation strategies are made to avoid or alleviate
disaster damages by moving the agricultural population and
farming activities in high-risk areas to no- or low-risk areas,
or by limiting physical construction in high-risk areas. In this
case, the agriculture lands in Areas 2, 4, and 7 are predicted
with a high-level vulnerability, where relocation approaches
are suitable. In addition, relocation relies less on engineering
measures or technologies and can turn some land into floodable
areas, meaning fewer required investments for infrastructural
construction. For example, most water farming areas in
the northern part of Area 7 can be relocated to safer areas
and human activities need to be minimized to facilitate the
restoration and evolution of natural ecosystems, acting as a
buffer in the region.

5 Conclusion and Discussion

By using the SPRC model, this study establishes a
vulnerability evaluation indicator system for the agricultural
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areas in Nansha District, Guangzhou, and stimulates the
inundation risks, financial losses, and vulnerability patterns

in varied scenarios of sea level rise superimposed with storm
surges. It finally comes up with resilience strategies for the study
area. The findings of this study are concluded as below.

1) In terms of inundation risk and financial loss, the
proportion of inundated areas in minimum-risk and maximum-
risk scenarios is 73.38% and 87.96% respectively, and the
estimated financial loss in both scenarios is RMB 3,897.3855
million and 7,140.4979 million. Across all the scenarios, most
areas of Nansha will be inundated with floods of 0.5 meter at
least, and the central Nansha (covering Areas 4, 6, and 9) will be
the most vulnerable, as predicted.

2) The most vulnerable areas are the southernmost and
northernmost parts of the study area, while the southern part of
Area 8 sees the lowest vulnerability.

3) In face with the growing risk of sea level rise, the
agricultural lands in Areas 1, 7, and 8 can be protected
with defensive measures; For Areas 4, 6, and 9, adaptive
infrastructures or adjustments on agricultural structures can
be introduced to respond to the environmental changes in the
coasts; and, by relocating the agricultural production and living
activities to safer areas, the high-risk northern part of Area 7 can
be ecologically restored by limiting human activities.

Sea level rise and its impact on coasts is a complicated,
dynamic process. This study explores its impact on coastal
agricultural areas; for future research, it expects more efforts in
studying the dynamic movement of coastal vegetation habitats
under the impact of sea level rise, and improving the scenario
simulation of the risks by sea level rise and storm surges. At the
same time, strategies should be more specific to the authentic
conditions and resilience systems need to be improved with

policy guarantees. LAF
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