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Abstract

|l n the previous yearodés project, a
Naturebased Solutions (NbS) was proposed, including a preliminary
assessment of wetland NbS addressing hydrometeorological risks, with a
focus on the safety coefficient correspondinghi® lood control standards
of Huangxi. However, the evaluation of ecosystem regulatory services is
subject to significant uncertainty. For instance, when using abandoned river
channels and wetlands to regulate water volume and enhance flood
mitigation, thdimited availability of relevant literature introduces variability,
significantly affecting the evaluation outcomes.

This study builds wupon | ast year C
services, and introduces a benefit evaluation framework into thestiype
NbS process, while expanding the scope to include-atater farmlands.

The current project aims to refine the kenaion framework and improve the
performance efficiency of NbS in the Huangxi watershed from the
perspective of ecosystem services. Key tasks include assessing the
uncertainty of ecosystem regulatory service input factors, evaluating the
benefits of ecosstem regulatory services in Huangxi, establishing an
uncertainty analysis framework for NbS ecosystem regulatory services, and
organizing expert consultations to discuss evaluation standards for NbS
ecosystem regulatory services.

To accomplish these tasks, this study first consolidates background data
on Huangxi, including watershed characteristics, historical flood events,
ecological data, and watershed maps. The report also details the background
and potential NbS approaches fiwerine areas. Subsequently, the fatep
process developed in the previous ye
in Huangxi. Each step is elaborated in Chapter 5, such as understanding the
system, identifying improvement goals, and developing agtians. During
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this process, the advantages and limitations of various ecosystem service
tools and landiuse forecasting models are also reviewed.

To assess the future benefits of different scenarios, three cases are
analyzed: historical baseline (s0), NbS based on 2021 geospatial data (s1),
and engineered solutions (s2). Using the-Karkov model, land cover
predictions for 20262041 are generated evaluate the potential outcomes
under each scenario. The project integrates the results from the first year
using two tools: INVEST (Integrated Valuation of Ecosystem Services and
Tradeoffs) and TESSA (Toolkit for Ecosystem Service -Bdsed
Assessment)which provide comprehensive evaluations of the ecosystem
service benefits of NbS in the Huangxi watershed.

INVEST excels in quantifying ecosystem service values, particularly in
areas such as water quality regulation, carbon storage, soil retention, and
biodiversity support. Using INVEST, researchers simulate and quantify the
contributions of ecosystem servicbsased on Huangxi 0s
environmental characteristics. For analyzing the uncertainty in ecosystem
service benefits, the study adopts a-st@age approach: Level 1 considers
spatial variability by simulating the influence of neighboring gridewshg
minimal impact on overall carbon storage; Level 2 evaluates the stochastic
nature of input factors, with Bayesian analysis revealing significant
variability in ecosystem service parameters, with an average coefficient of
variation (COV) of approximaty 0.93.

Deterministic analysis, combining Markov chains and-Kiarkov
models, is used to simulate land cover distributions as the basis for ecosystem
benefit evaluations. In the sO scenario, farmland and natural ecosystems
shrink while construction land expandsedw urbanization. In contrast, sl
promotes wetland creation and cleaater farmland preservation, enhancing
wetland, forest, and grassland coverage, thereby supporting sustainable

development. In the s2 scenario, engineering measures increase constructio
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land, compressing farmland and wetlands, prioritizing disaster prevention
but with greater ecological impacts than s1.

Results indicate that s1 has a positive impact on carbon storage, with a
12% increase in 2021 compared to the historical baseline. Habitat suitability
simulations also show more suitable habitats under s1. The 95% confidence
interval for stochastic analyshighlights high variability in input parameters,
further illustrating the complexity of ecosystem service benefits.

TESSA, on the other hand, is more localized and focuses espsitéfic
ecosystem service evaluations, particularly in quantifying secomomic
benefits. For instance, TESSA can assess potential flood damage to local
communities and economies, as wallqaantify the contributions of NbS in
mitigating these losses. Results show that undenad0bflood return period,
s2 reduces economic losses by approximately NT$131,620 compared to sO;
under a 56year flood return period, losses are reduced by NT338.0
million. The integration of TESSA and InNVEST demonstrates that NbS
effectively reduces flood risks while providing scientific and economic
support for future policymaking and practical applications.

By integrating INVEST and TESSA, this project provides a
comprehensive muldimensional assessment of NbS in the Huangxi

watershed.

Keywords: Naturebased solutions, Flood risk management, Ecosystem service value, Eco

DRR, Reliability analysis.
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L) Markov - Markovian transition estimator

First (earlier) land cover image: “ W A L B2
Second (later] land cover image: | A Ayttt B _j
Prefix for output conditional probability images: | ek BT

izl T;‘é:fﬂf

Number of time periods between the first and second land cover images:

Background cell option
* Assign 0.0

" Assign equal probabilities

" Assign relative frequency

Proportional error: |0.0

oK I Close | Help I
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| (3 FUZZY - Fuzzy Set membershi

Membership Function Type S S

@ Sigmoidal ¢ Linear SRR Z PR

¢ J-shaped ¢ User defined .75 %5 PR BT A

i | Az AL —{f & i T B

Output file : I%,'HE?QE{ZT & _I

Output data format : IB yte [0 - 255 range ) LI
—Membership Function Shape

(¢ Monotonically increasing ¢ Monotonically decreasing Symmetric

Lo
==
Control point a : I
Control point b : I
[ ok | Close | Help |
510 err Set2020 WHZZY
bc,d abe 255 b,c,d a,bc
a / ‘ \ d 0 a/ ‘ \d
255 /“\ / \ be b
0L d 2 d a/\u ‘ a/_\u
The Sigmoidal Membership Function The Linear Membership Function
P 255"
0 .
b,c

b C
/\ ﬂ
., =
The J-Shaped Membership Function

X Hify: SREGIE R / Yl & (0~1 for real, 0~255 for byte )

S1FUZZY I o] t y
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