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Abstract: With increasing population and pressure on land resources in the wake of climate change in 
Oceanic Cities, working locally with ecosystems through nature-based solutions can be a practical ap-
proach towards resilient landscapes. Extreme weather conditions and rainfall events as inevitable con-
sequences of the future change require landscape designers to stay abreast of technology in hydrology 
and hydraulic modelling. This paper illustrates experimental landscape interventions to redesign topo-
graphic configurations in Adobe Photoshop that offers unlimited opportunities for developing scenarios 
for flood mitigation. Through the coupling of GIS with a program that models the hydraulics of water 
flow, a method to familiarise designers with flood impacts using an iterative and scientifically informed 
design process is proposed. We conclude through the proposed workflow that the application of nature-
based solutions was effective in reducing the water depth in flood events by 6.67 meters in vulnerable 
areas of the catchment occupied by informal settlements.  
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1 Introduction 

Ocean Cities, where urban landscapes and seascapes meet, are at the forefront of climate 
change impacts, rapid growth and urbanization pressures (ESCAP1, 2019). Within the con-
text of Ocean Cities, Melanesian islands in the Pacific Ocean which include Papua New 
Guinea, Solomon Islands and Vanuatu are facing the highest rate of urban population in-
crease. This urban population increase is the result of the movement of migrant communities 
into urban and peri-urban areas from neighbouring islands. As a result, cities like Honiara, 
face threats of environmental hazards as they grapple with the lack of adequate infrastructural 
services (ESCAP 2019). 

Mitigating societal challenges as a result of impacts from climate change ranging from food 
and water security to natural disasters require a shift from conventional engineering to Na-
ture-based Solutions (NbS) to protect, manage, restore natural and modified ecosystems 
(IUCN2 2016). NbS is defined as: ‘Actions to protect, sustainably manage and restore natural 
or modified ecosystems that address societal challenges effectively and adaptively, simulta-
neously providing human well-being and biodiversity benefits.’ NbS holds the potential to 
provide win-win situations between social-ecological and economic systems that may lead 
to decrease vulnerability and increase the resilience of the cities facing climate change 
(KABISCH et al. 2016). 
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Honiara, the capital of Solomon Islands, faces various climatic disasters not limited by 
coastal erosion, seawater level rise, coastal flooding, flash floods and riverine flooding. The 
city is also at risk of the severe tsunami as it is linearly developed along the coast. These 
occurrences cause the loss of land, infrastructure, money, and most pressingly, human lives. 
The city is spatially divided by Lungga, Mataniko and Kongulai rivers that cut through the 
urban fabric of the city. During a high rainfall event, the chances of flood in the Mataniko 
River increases due to large upstream catchment defined by undulating topography with steep 
slopes. In the flood event of 2014, the maximum effect of flood was observed in the plains 
of Mataniko River which led to human casualties and long-term economic repercussions 
(HURCAP3 2016).  

In this study, we will focus on Vara Creek, a flood-prone tributary gazetted as an informal 
settlement zone (Figure 1). Land cover changes due to logging activities have also led to 
major landslides and debris flows into streams and rivers (LAL & THURAIRAJAH 2011). Fur-
thermore, loss of vegetation cover adds to increasing overland flow and localised flooding 
which is a critical threat to these settlements. Existing hydraulic modelling plugins in GIS 
and Rhino-Grasshopper are not able to consider factors such as hydrological data, inflow and 
outflow rates into the catchment and surface roughness. Hence, this has driven our research 
to engage with more specialised hydraulic simulation platforms to study floods. 

 

Fig. 1: A: Mataniko River catchment and land cover types. B: Informal Settlement Zones 
along Vara Creek and adjacent to logged hillslopes. 

                                                           
3 Honiara Urban Resilience & Climate Action Plan (2016) 
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In this research, we focus on the relationship between local flooding and potentials of imple-
menting NbS in the upstream catchment. NbS implementation includes the use of locally 
sourced materials, such as tree stumps and logs, in order to build and strategically locate 
semi-engineered structures to improve resilience and flood immunity. These cost-effective 
solutions are placed within areas that are affected by regular localised flooding. We employ 
methods that extend the design research discourse by utilising digital tools to understand the 
environmental flux observed through climate change and NbS (ACKERMAN et al. 2019). This 
opportunity allows for the field of landscape architecture to engage with other disciplines to 
consider the performance of the landscape through an iterative approach based on conceptu-
alisation, spatial and numerical modelling of hydrological systems (VOLLMER et al. 2015). 
We propose a method to iteratively modify the terrain guided by hydraulic modelling feed-
back for speculative scenarios in order to generate a range of solutions to explore NbS in 
Mataniko River catchment. This is aligned with geo-design approaches to design and evalu-
ate impacts in an iterative process (STEINITZ 2012). 

1.1 Nature-based Solution 

The Flood Green Guide (WWF4 2016) provides a framework to manage and minimise flood-
ing using both natural and NbS. River, localised and coastal floodings have impacts at mul-
tiple levels including regional, watershed, floodplain and community and household. These 
actions fall into three categories namely: 1) reducing and managing the flow, 2) improving 
drainage and protection in a floodplain and 3) improving adaptation and preparedness to 
flooding. These actions can be divided into structural (hard & soft) and non-structural solu-
tions. For example, small multipurpose dams, checkpoints, dam sand groynes and gabions 
are considered as suitable structural NbS to manage flooding (IFTIKHAR at al. 2016). Further-
more, detention ponds are effective in collecting waste released from informal settlement 
zones in Honiara's context. These solutions are effective in reducing and managing the com-
bined storm and sewer flow within the catchment to mitigate flooding and spread of untreated 
effluent.  

Further to NbS, Natural Sequence Farming provides techniques for controlling the hydraulics 
within the landscape as well as restoring nutrients across degraded landscapes (NORRIS & 
ANDREWS 2010). The idea is based on stalling rainfall and storing it in networks of natural 
aquifers connected to landscape habitats (TANE 2006). Contouring the land through con-
structing a bank along contour lines and a channel behind it is a restorative technique to 
distribute nutrients across the landscape, which can be classified as a water management and 
fertility management system. This technique can be effective in watershed restoration to 
achieve improved infiltration. 

2 Methods 

Increasingly, researchers have been developing diagnostic approaches that involve digital 
workflows to transform environmental systems through design. The benefit of these out-
comes allows for multiple lenses of engagement that provides descriptive, explanatory and 
predictive insights to a range of environmental issues (VOLLMER et al. 2015, FERGUSON et al. 
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2013). Our contribution adds to the repertoire of these workflows by considering spatial anal-
ysis, design and hydrologic and hydraulic modelling input in the context of Ocean Cities. 
This requires a multi-disciplinary approach to uncover design discoveries within landscape 
architecture and considers the following steps: 

1) Hydrologic assessment of study area; 

2) Design scenarios, specific to terrain manipulation, for revegetation to increase surface 
roughness, dams, checkpoints and detention basins; 

3) 2D hydraulic modelling and flood scenario testing. 

We demonstrate this workflow by generating multiple scenarios to reduce the impacts and 
mitigate flooding within the catchment. For example, possible design scenarios for reducing 
the probability of flooding in the Mataniko River catchment may include the ability to control 
the amount of water in the upper stream catchment area or reducing the surface runoff that 
feeds the tributaries and streams within populated areas. Our workflow allows us to weigh 
the impact of prioritising known environmental parameters through suitability analysis to 
manage water run-off by manipulating the terrain and guided by maps of vegetation, river 
systems and other relevant environmental and spatial drivers. The novel contribution offered, 
is an ability to test the relationships between the hydrological assessment and spatial suita-
bility analysis of structural NbS that will allow us to guide the speculative design direction 
for the Mataniko River catchment. 

2.1 Hydrologic Assessment of Study Area 

Geographical Information System (GIS) platforms offer sophisticated toolkits for researchers 
to interrogate hydrological systems through the use of Digital Elevation Models (DEM) as 
an input. This workflow models the stream networks and hierarchy in a landscape, catchment 
and sub-basins by calculating flow direction and flow accumulation for a raster. This model-
ling step identifies the hydrological system of the studied landscape and is a fundamental step 
in moving forward (Figure 2). In the Mataniko River catchment, utilising the Strahler (1957) 
stream ordering method we sampled six orders that indicate the level of branching in the river 
system. A similar workflow can also be applied on an inverted DEM (multiplying it by a 
factor of -1), which in return will provide the ridgelines hierarchies. However, this is beyond 
the scope of this paper. GIS platforms also allow the modelling of watersheds for various 
pour points in order to understand the watershed areas. Any intervention in pour points would 
result in flow changes within the watershed area. This step is a fundamental part of reading 
the hydrological system in support of watershed storage paradigm (TANE 2006). However, 
the limitation of GIS platforms to capture rainfall data to simulate run-off drove our inquiry 
further to couple the GIS platforms with other platforms for hydrologic assessment. 

2.2 Design Scenarios, Specific to Terrain Manipulation, for Revegetation to 
Increase Surface Roughness, Dams, Checkpoints, and Detention Basins 

NbS solutions can be applied to the existing topography in order to test different design sce-
narios in reducing volume, velocity and flood flows. These strategies can be applied to a 
DEM (elevation raster) in Adobe Photoshop using a plugin called ‘Geographic Imager’ which 
retains the visual properties of the image (ACKERMAN et al. 2019). Adobe Photoshop allows 
researchers to modify the DEM raster (Tiff format) using the eyedropper and brush tool by 
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painting the same cell value across the valley to create check dams or depressions in landform 
to create detention basins (Figure 3). This modification allowed us to conveniently add check-
points and dams to create detention ponds in the upstream. Contouring and channelling strat-
egies were applied on logged areas within the watershed which effectively added in Adobe 
Photoshop. These minor landform modifications resulted in the production of a design sce-
nario for flood modelling. The experimental nature of landform modification using Abode 
Photoshop provides countless possibilities for an iterative scientifically informed design pro-
cess. 

 

Fig. 2: a) Workflow in ArcGIS to model streams, catchments and sub-basins based on input 
DEM and pout point; b) Stream order visualised in an exploded axonometry view 
for the Mataniko River Catchment 

2.3 2D Hydraulical Modelling  

HEC-RAS is a software developed by the U.S. Army Corps of Engineers that allows the user 
to perform one-dimensional steady flow hydraulics; one- and two-dimensional unsteady flow 
river hydraulics, water temperature analysis and generalised water quality modelling. The 
first version was released in 1995 and the latest version 5.0.7 (used in the study) was released 
two decades after. HEC-RAS is capable of detailed 1D and 2D channel and floodplain mod-
elling. The 2D flow modelling is achieved by adding the 2D flow area into the model in the 
same method as adding a storage area. A 2D flow area can be added by defining a flow area 
polygon and creating a 2D computational mesh. Resolution of the mesh can be determined 
based on the size of the study area and the level of accuracy required. 

Other input parameters include precipitation and flow hydrographs for boundary conditions 
as part of the ‘unsteady flow’ data. These data are usually available through agencies or local 
governments which will be monitored and collected during flood events. No doubt, access to 
greater rainfall data recordings and hydrological models of local rivers would improve the 
reliability of flood modelling and impact assessment. A limitation in this research was the 
result of the absence of flow hydrographs in Honiara. As such, a simplified modelling of the 
rainfall data was used to determine run-off patterns and the Average Recurrence Intervals 
(ARI) for different flood intensities. This approach is based on the ‘Rational Method’ to pro-
duce estimates of river flow velocity, depth, frequency and flooding at each of the 
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stream/river crossing. Table 1 displays the maximum rainfall per day in different extreme 
rainfall events estimated in Honiara. For this paper, a 1 in 100 flood event was considered as 
input for the modelling to assess the flood impacts. 

 

Fig. 3: Example of DEM modification in Adobe Photoshop using Geographic Imager 
plugin imported and visualised in HEC-RAS; a) added detention basins along the 
river; b) added trenches on grasslands/logged areas 

Another parameter in flow analysis is the surface roughness based on cover types. In HEC-
RAS, surface roughness is adjusted by corresponding land cover Manning’s values as previ-
ously mapped in GIS. Surface roughness for different land cover types can be considerably 
different due to the speed of water speed and velocity. In this paper, we applied four surface 
roughness values for mapped land covers as described in Table 2.  

Table 1:  Rainfall patterns in Honiara 
(Source: Cardno Acil, 2009) 

 Table 2:  Land cover surface roughness 
(Source: HEC-RAS User’  
Manual, 2016) 

Rainfall extreme event 
(ARI) 

Maximum 
rainfall 

(mm/(day) 

 Land Cover Classification Surface 
Roughness 

(Manning’s) 

1 in 2 years (50% chance) 106.1  Forested 0.12 

1 in 10 years (10% chance) 194.6  Logged/Grasslands 0.045 

1 in 50 years (2% chance) 254.0  Low Density Housing 0.1 

1 in 100 years (1% chance) 282.1  High Density Urban 0.15 
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Outputs of flood modelling in HEC-RAS result in maps of water surface level, depth, veloc-
ity, flood risk (velocity multiplied by depth) which can be produced at different intervals and 
exported as rasters to GIS platforms. Figure 4 displays a series of simulated intervals for the 
existing condition (1 in 500 ARI flood event) during a day which can be presented as an 
animation to understand how the system reacts to the rainfall situation. Accumulation of all 
intervals can define the maximum water depth which can be used in flood risk analysis (Fig-
ure 4F). As a result, these layers can be simulated for various options and rainfall situations 
to see the effectiveness of NbS in mitigating the flood. This process can inform the design in 
an iterative process and improve flood resilience in extreme storm situations. The modelled 
flood risk can be verified by extents of previous flood events in order to calibrate modelling 
results.  

 

Fig. 4: Flood simulation during a day in HEC-RAS in 1 to 500 ARI rain event at various 
intervals (A-E) 

3 Conceptual Feasibility Testing 

In this research, the existing condition DEM and proposed scenarios DEM (modified in 
Adobe Photoshop) with proposed NbS were used as inputs to HEC-RAS for flood modelling. 
Land cover changes by plantations were also considered in the post-NbS scenario to deter-
mine the cumulative effects of these strategies in mitigating the flood. The maximum rainfall 
event of 1 in 100 was selected (282 mm per day) to simulate the model. The modelling is 
conducted using a 3-meter cell resolution for selected segments of the catchment where high-
resolution LiDAR data was available. These parameters were applied similarly to the existing 
and proposed conditions. 

The modelled flood depth based on a 1 in 100 rainfall (Figure 5) shows the vulnerability of 
Vara Creek watershed as one of the main tributaries (order 2) of Mataniko River. From our 
simulation, several informal settlements along this stream will be affected by localised flood- 
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ing. Furthermore, the flooding situation is worsened by increased runoff due to logging the 
southern hillslopes. Several streams contribute to the flooding in this area. Figure 5 also high-
lights the flooding along the Mataniko River which results in submerged river banks espe-
cially to the Koa Hill region.  

The simulated flood modelling for the before and after NbS condition shows the effectiveness 
of these strategies in reducing flood depth along Vara Creek and Mataniko River. By calcu-
lating the difference of two water depths, the water depth reduction is computed for the study 
area (Figure 5C), NbS strategies including detention ponds in upstream, dam checkpoints and 
channelling are effective to reduce run-off and flooding up to 6.67 m within the catchment. 
The solutions are potentially effective in 1 in 100 rainfall events but might not be sufficient 
in 1 in 500 ARI situations. This would require researchers to consider and apply strategies to 
a broader catchment. 

 

Fig. 5: 
A&B: Flood simulation results (1 in 100 
ARI) in HEC-RAS for before and after 
NbS scenarios. C: Water depth reduction 
by application of NbS in the study area 

4 Conclusion and Outlook 

In this paper, we presented a conceptual framework for flood analysis and terrain manipula-
tion expanded from the outcome of a RMIT MLA Design Research Seminar addressing cli-
mate change impacts. Through this process, we were able to understand the exchange be-
tween physical properties, spatial factors and design scenarios coupled with a hydrologic and 
hydraulic modelling for feedback to guide further iterations. In so doing, this approach allows 
us to address complex interactions that govern this particular landscape system through hy-
drological and spatial constraints to generate NbS scenarios at the catchment scale. 
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The outcome of the scenario testing goes beyond the existing conventional hydrologic and 
hydraulical modelling available in GIS and Rhino-Grasshopper. HEC-RAS considers multi-
ple factors such as rainfall rates, outflow and surface roughness as inputs for flood modelling. 
Topographical modifications using Adobe Photoshop is an effective and efficient way to 
modify DEMs for flood simulations. From the preliminary outcome, implemented nature-
based solutions across the test sites were effective in mitigating flood risk along the Vara 
Creek communities. The flood modelling in HEC-RAS can be further integrated into GIS 
platforms for various mapping purposes such as suitability analysis and planning. For future 
studies, we recommend researchers to secure rainfall data from local water authorities to 
develop statistically significant flow hydrographs and ground truth the simulation results to 
report a more confident outcome. The lack of having accurate rainfall data and flood levels 
in order to have a fully calibrated model are some of the main limitations of this study. 

In the wake of climate change, flood modelling in HEC-RAS offers opportunities for land-
scape architects to test design options through the act of reshaping terrain in creating and 
maintaining landscape performance. Increasing landscape and community’s resilience to cli-
mate change is a priority for landscape architecture as design frontiers in developing coun-
tries with vulnerable communities and infrastructural constraints (REKITTKE 2009). This pa-
per demonstrated an approach to prepare the ground for designers with a scientifically in-
formed design method. In the next stage of this investigation, it is proposed to develop a 
1D/2D model in order to develop a better understanding of instream modification and pro-
posed solutions. It also provides a better tool for understanding velocities and water level 
changes in Matanica river. Furthermore, this work can be expanded in landscape architecture 
to 1D channel modelling and testing through experimental design options to see how water 
flows in various conditions and profiles.  
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