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ABSTRACT

This study explores the significance of Nature-Based Solutions (NbS) in addressing climate change and river restoration, focusing on Tai-
wan's Zhongguakeng Creek as a case study. The object aims to re-wild the river by cooperating with the landowner, which includes remov-
ing part of the revetments and creating wetland flood retention areas to establish wildlife corridors, enhance water accessibility activities,
and improve flood resilience. This study employs the RiverFlow 2D hydraulic model to simulate pre- and post-project flood protection

capabilities under high discharge scenarios, providing valuable insights for future flood regulation design.

INTRODUCTION

To cope with climate change and ecosystem services degeneration, Nature-Based Solutions (NbS) is a new concept, which is defined as "
Actions to protect, sustainably manage and restore natural or modified ecosystems that address societal challenges effectively and adaptively,
simultaneously providing human well-being and biodiversity benefits " (IUCN). Nowadays, NbS has been widely discussed international-
ly. A well-known example is the Elwha River Restoration Project in the United States, which involves revegetation and removal of dams,
demonstrating that human interventions are possible to impact the environment and restore rivers to a more natural state (Magirl et al.,
2015; Randle et al., 2015).

In recent years, Taiwan has incorporated the concept of NbS into its projects (e.g., Chiu, 2023) with reducing the grey measures, mitigating

carbon emissions, improving the self-regulating function in ecosystem services, and enhancing resilience.

In Taiwan, the monsoon season and the highly destructive typhoons, which extend from May to October, cause concentrated rainfall and

flooding. Zhongguakeng Creek, as a case of river rewilding in Taiwan, is a valuable project.

Study Area

Zhongguakeng Creek, located in a rural area in Nantou County, has a watershed area of 1580 hectares with an average slope of 2.1%. As
shown in Figure 1, 4-meter-high revetments on the right bank and the upstream left bank block the movement of wildlife and impede the
drainage of the soil behind the revetments, increasing the risk of slide and fall. The groundsills constructed on the riverbed have resulted
in unbalanced sediment transport. This has gradually increased the depth of the vertical gaps between these structures, ultimately leading
to intermittent stream flow, the deterioration of water quality, and migration barriers for aquatic organisms. The deposited sediment provide
the environment to the vegetation growth in the river, especially invasive species such as elephant grass, small-flower morning glory, and
hydrilla, which have constricted the flow path of the stream. The reduction in floodway sections decreases the flood protection capacity

provided by the revetments.
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Figure 1. Initial condition of Zhongguakeng Creek
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METHODS

Restoration Plans Developments

After several discussions among the government, academia, and the landowners, the project was undertaken based on the concept of River
rewilding. On the right bank of the creek, removed the revetment and created an alluvial floodplain, not only for dispersing the flow but
also providing passages for wildlife and waterfront recreation area. As for the left bank, the revetment was retained to prevent water from

flooding the resident area behind it.

The project was divided into three phases. The first phase represents the situation before constructions. The second phase involves the re-
moval of the upstream part of the revetment on the right bank, as illustrated in Figure 2. The project's third phase will remove the remaining
revetments on the right bank, with plans to transform the downstream area into a flood-resilient wetland. The third phase is still ongoing,

and this study simulates the hydraulic conditions in the first and third phases of the project.
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Figure 2. The second phase of the project content

The details of the project include the following items:

First, remove the cement revetment on the right bank and build a stone masonry according to the terrain with a slope of 1:1 to 1:2, which
connect the height difference between the right land and the riverbed. In addition to increasing the flow capacity of the river, it also im-
proves water accessibility.

Second, remove part of the groundsills to rebuild the longitudinal continuity for aquatic organisms. Three openings were drilled on two of
the retained groundsills, guiding the water away from the concave bank increasing the stability of the river flow.

Third, large stones were placed on the riverbed and fixed with wooden piles. These stones serve as Armor layer to the river. Besides, this
creates habitat diversity and fulfill fish's migration and shelter needs.

Fourth, revegetate on the floodplain. With preserving some native plants, sowing and transplanting saplings were utilized to increase the

richness of the forest and habitat. This also enhances the surface roughness, which slows down the flow velocity of water.

Numerical Model

The RiverFlow2D hydraulic model is a finite volume model that includes various aspects such as hydrology, hydraulics, sediment transport,
and pollutant dispersion with a triangular element mesh to simulate different flow fields, including rivers, estuaries, and floodplains under
low-flow conditions. Furthermore, it can simulate more complex models, such as initially dry riverbed with dam breaches, while maintaining

exceptional speed, high resolution, stability, and accuracy.

RiverFlow2D utilizes the shallow water equations derived from the vertically integrated Navier-Stokes equations. This system of partial dif-

ferential equations (1) in a conservative form is expressed as follows:
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Where U=(h,q_x,q_y )T represent the vector of the conserved variables, and h is the water depth; gx = uh and qy = vh the unit discharges
with (u, v) the depth-averaged components of the velocity vector u along the (x, y) coordinates, respectively. The flux vectors are given by

equations (2):
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where g is the acceleration due to gravity. Assuming a hydrostatic pressure distribution in every water column, The terms gh”2/2 in the

fluxes have been obtained,

§ = (0, gh(Sox = Spx). gh(Soy = Spy )"
(3)

In equation (3), S_fx and S_fy represent the friction slope, the bed stress contribution is modeled using the Manning friction law; and S_0x

is the slope of the channel.

Simulation materials and conditions
This study has collected data on the changes in Zhongguakeng Creek before construction and applied UAVs to obtain orthographic images

and Digital Surface Models (DSM). Manning's n value was set to 0.04 with a triangular mesh size of 1 meter for simulations using River-

Flow2D.

Figure 3 shows two situations were simulated in this study: (1) flood protection capacity before the removal of revetments, and (2) predic-

tions after the completion of the project. Therefore, we adjusted the elevation of the downstream area to a wetland and simulated the flood

retention effects.

Section a-a’

— Before

2 Water level (150cms)
— After

-==- Water level (200cms)
B Revetment
Removed revetment

z i e w & Stone masonry

uonoRIP MO

Section c-c' 2% wire cylinder

Figure 3. Topographic Cross-Section (Section a-a": Starting Point of the project, Section b-b": Phase two construction, Section c-c': Phase three construction assumption)

RESULTS AND DISCUSSION

Simulation Results

This study simulates the hydraulic conditions in the first and third phases of the project. We used different discharges to test the flood ca-
pability. Under the first phase, when the discharge reached 150 mA3/s, water overflowed from the revetment to the right bank. To simulate
the third phase, the downstream terrain has been adjusted to meet the future layout, including increasing the river width by approximately
5 m and creating a flood retention area on the right bank with a 10 ~ 15 m width. Even with a 200 mA3/s discharge, the water remained

within the expected flood detention area, as shown in Figure 4.
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Figure 4. Water Depth Comparison (a) Pre-Construction when Q=150 cms (b) Post-Simulation Completion when Q=200 cms

Ecosystem Service Effectiveness
This study investigates the impacts of removing revetments and providing room for the stream from an ecosystem services perspective

(provision, support, regulation, and culture).

The Zhongguakeng Creek revetment removal project, which disperses high-intensity discharge, achieves disaster risk reduction and empha-

sizes the importance of "regulating services" in ecosystem services.

As an environmental compensation mechanism, tree replanting has the effects of increasing carbon sequestration and creating habitats.
However, most tree planting in Taiwan transplant saplings by purchasing the same species, resulting in a relatively uniform tree species
composition. This project preserved some native saplings and seeds, reducing the cost of transporting plants while increasing the richness
of the forest and biodiversity, thereby providing "supporting services." Additionally, "cultural services" have improved as the revetments were
removed, which enhanced the connection between biota (including humans) and the river, adding aesthetic and recreational functions. As

one of Taiwan's few examples of river rewilding, it holds significant educational and outreach value.

To promote the symbiotic relationship between humans and ecosystems in Taiwan, the "Resilient Slopeland Subsidy Trial Program" initiated
by the Agency of Rural Development & Soil and Water Conservation was implemented on October 15, 2023. Subsidies will be provided to
landowners who are willing to provide lands and cooperate with NbS management methods. Apart from increasing the region's resilience,
this program aims to enhance public engagement and achieve win-win outcomes. With these initiatives in place, public participation be-

comes even more critical.

CONCLUSIONS

This study focused on re-wilding the Zhongguakeng creek. The original embankments gradually lost functionality due to a lack of ongoing
management. We assessed the river's flood-carrying capacity in different phases through interdisciplinary discussions and using RiverFlow2D
for flood simulations before and after the project. The results showed that the river could withstand higher discharge after removing the
embankments. With its goal of mutual coexistence between people and the environment, this river re-wilding case demonstrates improve-
ments in ecosystem services and ecological disaster risk reduction achieved through the dispersion of high-intensity runoff. It can serve
as a reference for the restoration of other watersheds facing functional degradation. However, the importance of subsequent management

should not be overlooked.
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