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Abstract: “Simulating natural” waterscapes mean generating waterscapes by simulating the formation
process of natural waterscapes. This paper systematically examines the formation process of natural
waterscapes, constructs a design process model for simulating natural waterscapes, and discusses the
digital analysis and design process for simulating natural waterscapes in virtue of ArcGIS software
functions such as spatial analysis, hydrological analysis, virtual display, etc., in combination with water
system landscaping practices in the northern area of Mt. Ox Head Scenic Spot in Nanjing, China.
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1 Introduction: Systematic Characteristics of “Simulating
Natural Waterscape” Design

At all times and in all countries, waterscapes are an important integral part of landscape
architecture, and simulating natural waterscapes has an important status in China’s classical
garden culture, where landscape environments are artificially constructed to simulate nature.
Simulated natural waterscape construction from a systematic perspective emulates the for-
mation process of natural waterscapes in both principle and form. Firstly, as seen from the
form, waterscape elements of natural form are constructed through artificial functions such
as springs, deep pools, ponds, waterfalls, brooks, sand bars, islets, shoals, rivers, lakes, etc.,
where all such water bodies and elements constitute a natural water system; secondly, the
guiding principle is to simulate self-sustaining natural aquatic ecosystem through artificial
interference.

The construction of simulated natural waterscapes is a systematic process which calls for
dynamic balancing and adjustment. Simulated natural water bodies are basically identical to
natural water bodies in terms of formation principles, such as the need for low-lying areas
and stable water sources. Selecting a runoff area to retain water by means of reasonable dam-
ming based on hydrological analysis can achieve the formation of waterscapes with minimal
environmental disturbance (Figure 1). In the natural state, waterscapes do not exist inde-
pendently, but are interrelated as “water network systems”. A water system is generated by
stages according to run-off direction, and redundant water from a previous stage will flow
into the next-stage water body. Water levels, water volumes, and landforms collectively de-
cide the forms of water bodies, and linkages exists among the three factors. The generation
of water bodies by artificial interference is mainly achieved by relying on damming, where
the dam height is related to both mechanical loads and water levels. Dynamic linkage exists
among water amount, mechanical load and form, and for the construction of simulated natu-
ral waterscapes we must conduct systematic research on the generation process of natural
water systems. This can be achieved by using digital analysis and calculation technology.
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Fig. 1: Diagram design principle for simulating natural waterscapes

2 Model Construction: Simulating Natural Waterscape Process
Model

For the construction of simulated natural waterscapes, it is necessary to simulate the genera-
tion process of natural waterscapes based on systematic thinking, and to determine water-
collecting volumes and low-lying areas for catchment. The design process for simulating
natural waterscapes may be subdivided as follows: precipitation volume calculation — catch-
ment area analysis — water-collecting volume analysis — water-collecting volume calculation
— dam position selection — dam height calculation — water body formation. During the gen-
eration of simulated natural waterscapes, precipitation volume, water-collecting amount,
dam height, water body form, etc. are the parameters of the calculation process, and are inter-
linked in a mutual cause-and-effect relationship. Therefore, the design process of simulating
natural waterscapes should be highly systematic. Figure 2 shows the five-part design process
model for simulating natural waterscape, including the design process, the logical association
of each parameter, and the system composition:
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Fig. 2: Process for simulating natural waterscape



C. Yuning, Y. Yangyang: Systematic Thinking and Digital Design 69

(1) Catchment Area Analysis

Simulating natural waterscapes emphasizes natural precipitation, so research of the catch-
ment area, watershed, runoff line, and catchment terrain is very important. Catchment area
analysis mainly involves elements such as runoff, basin region and snap pour point.

(2) Location Selection of Waterscapes

The surface runoff network is heterogeneously distributed at a designated site, and an appro-
priate location for construction of the waterscape needs to be selected by combining design
requirements with existing landform conditions. It is necessary to analyse the possibility for
a water body to exist according to a runoff network chart, and to select a reasonable position
for damming by using existing landforms. According to the simulated natural waterscape
design process model, the elements involved mainly include dam location and catchment
area.

(3) Estimation of Water-collecting Volumes

In hydrology, except for the precipitation which is directly evaporated, retained by plants,
seeped underground, or drawn by gravity into low-lying depressions, the water flow flowing
along or beneath the surface of the ground is called runoff. During the formation of runoff,
water retention and evaporation will cause reductions in water volume, so it’s impossible to
use all the precipitation water volumes for the construction of waterscapes. Water-collecting
volume estimating mainly involves elements such as total precipitation and total seepage in
the catchment area.

(4) Dam Height Calculation

Basin depressions are generated by means of damming for the artificial construction of sim-
ulated natural waterscapes. When the dam body is as high as the normal water level, upstream
water will come down stream in torrents, thus forming waterscape features such as waterfalls,
head falls, etc. Through water-collecting volume estimating, it is possible to calculate the
amount of water available for the construction of waterscapes in a catchment area, whereby
the theoretical upper limit of water body volume, and the highest elevation of dam corre-
sponding to this volume, equals the maximum possible water level of this water body. In
order to prevent waterscapes from drying up in low water periods, the top elevation of dam
should not exceed the simulated high water level.

(5) Waterscape Form Simulation

Volume formula “V=S-h” reflects the relationship between water surface area and dam
height when the volume is fixed. Different dam heights correspond to different water surface
forms, and whether the water body form is aesthetically pleasing or not is an important index
for judging whether the construction of a waterscape is successful, so under the restriction of
a fixed water volume, dam height should be finally determined according to an aesthetic
evaluation of the water body form. Thus dam height, water amount and water body form are
the inter-dependent parameters linked in a dynamic relationship.
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3 Case Study: Simulating Natural Waterscape Design in
Nanjing, China

The spatial analysis and hydrological analysis tools provided by ArcGIS software effectively
support the necessary analysis and design work. The northern area of Mt. Ox Head Scenic
Spot in Nanjing, China belongs to mountainous environment, the rainwater collected in the
area is drained into surrounding urban pipeline network collectively, and in case of rainstorm,
plentiful runoff will erode the earth’s surface, and in rain-free periods, the mountain is in
serious shortage of water. This paper uses ArcGIS software to conduct analysis and design
based on the design process model for the construction of simulated natural waterscapes ap-
plied to the water system landscape construction practice in the northern area of Mt. Ox Head
Scenic Spot in Nanjing, China.

3.1 Catchment Area Analysis
(1)  Runoff Analysis

The “water network” originating from the surface runoff collection of the designated site was
analysed using a digital elevation model (DEM) and ArcGIS software, with the density of
the runoff network adjusted through threshold settings to carry out runoff analysis. The sig-
nificance of runoff analysis for the construction of simulated natural waterscapes is that it
can clearly show runoff distribution at the designated site, at the same time providing an
intuitive graphic representation for judging the degree of runoff in the network for the next
stage of analysis and design. This paper classifies each section of runoff in the network and
makes preparations for the selection of dam location and the calculation of water-collecting
volumes. The Shreve river classification method is used to classify the runoff network
(SHREVE 1966). Figure 3 shows the results of the runoff classification, where the transition
from cold colours to warm colours represents the grade of runoff; and figures are used to
mark the grade of each runoff, and higher grade means bigger water quantity of runoff.
Warmer colours represent higher-grade runoff, and the volume of water undertaken by
warm-colour part is the total of all superior-level runoff water, so the volume of water is
relatively high.

Fig. 3:
Runoff classification chart




C. Yuning, Y. Yangyang: Systematic Thinking and Digital Design 71

(2) Catchment Area Analysis

The catchment or water-collecting area, also known as the catchment basin, has a close rela-
tionship with landforms. Through catchment area analysis, it is possible to calculate the low
elevations where natural waterscapes locate and the physical area of the catchment area,
which is also a basis for water-collecting volume calculation. Using ArcGIS software to cal-
culate the terrain grid, flow direction grid and flow rate grid as input parameters, we may
obtain the runoff basin and catchment area analysis chart as shown in Figure 4.1. This figure
reflects the basin division of the whole location, as well as the catchment areas corresponding
to each runoff branch, thereby providing the basis for selection of waterscape locations. By
combining this with Figure 4.2, we may see that the four basins numbered 2, 3, 4 and 5 have
relatively complete runoff networks and relatively big catchment areas, corresponding to rel-
atively large water-collecting volumes, so there are good conditions for constructing land-
scape water systems. Basin 4 is located in a mountain valley with a good runoff network
consisting of only scattered small water surfaces, offering good possibilities for the formation
of a landscape water system. Meanwhile, the planning design for this scenic spot has the
theme of “Buddhist culture”, with the goal of recreating “sounds of nature” by generating
running brooks in mountains. Through a combination of hydrological analysis and planning
design, the researcher selects basin 4 as the location for construction of a simulated natural
waterscape.

Fig. 4.1: Basin division Fig. 4.2: Basin and current water system

3.2 Waterscape Location Selection

After determination of the basin, this research used the inquiry function of ArcGIS software
to select the attribute information of the basin using the tool “extract by attribute” to extract
the target basin from the basin grid of the planned area; then, according to judgment of the
runoff location and contour lines in the selected basin selected, to screen out the area with
potential for formation of the waterscape. The zone circled in yellow in Figure 5, a valley
among mountain ridges, shows potential. The valley naturally forms an open basin; the land
is relatively high at its southwest side and low at its northeast side, hence the water outlet is
located at the northeast side. The snap pour point, also called the water outlet point, is the
outlet of water flow in the basin, and also the lowest point in the valley. The location of the
snap pour point provides a reference for selecting an artificial damming location. According
to analysis of the runoff snap pour point, we can calculate the possible locations for damming
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at points A, B, C, and D in the figure. All the four points are higher-grade runoff positions,
guaranteeing a good supply of water. Specifically, Point A is at the edge of the basin, and if
surface water collects, the surface will move towards the southwest side of the basin; how-
ever, the terrain at the southwest side changes greatly, and the water surface formed will be
relatively narrow. Point B is located at a relatively gentle land gradient in the basin, with
relatively weak enclosure by surrounding landforms, so the engineering workload required
for the construction of a dam at the location would be relatively high. Point C has basically
the same weak points as point B, so it is excluded. Point D is at a relatively low position in
the northeast of the basin, has relatively good enclosure by surrounding landforms, greater
runoff and potential water-collecting volumes in comparison with the first three points, could
generate the best water surface by interaction with landforms in the basin, and as a result of
these advantages, Point D is selected as dam location. Based on this determination of dam
location, the research extracts the effective catchment runoff of catchment area D. According
to the runoff network classification principle, the upstream runoff water volume at the dam
location is totally sourced from the water volume of this runoff. Therefore, the scope of
catchment area D is the sum of the upstream catchment area of each runoff (Figure 6).

Fig. 5: Fig. 6:
Dam location selection Extraction of catchment area

3.3 Water-collecting Amount Estimating

Natural precipitation is generally distributed in four ways: one portion is retained by surface
vegetation; one part is directly absorbed by soil; one part is stored in depressed and low-lying
surface areas; and the surplus part of rainwater will flow along the surface of the ground
generating surface runoff, finally flowing into water bodies such as channels, rivers and
ponds, etc. Hydrological circulation is a highly complicated non-linear system in which the
formation of precipitation runoff is affected and restricted by many factors. This paper adopts
a simplified method to estimate the water-collecting volumes in a catchment area, deducting
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the rainwater retained by plants and soil, and then using a coefficient to calculate according
to the following formula (DONG 2013):
n
W= klmlAlP103
i=1

Where W indicates the amount of water available; k and m indicate the underlying surface
runoff coefficient and runoff reduction coefficient of a catchment area of land use type i
(Table 1); A indicates the area (m?) of the catchment area of land use type i; and P indicates
multi-year average precipitation depth (mm). According to the observed data and actual sit-
uation of Mt. Ox Head Area, the water-collecting volume at dam location D may be calcu-
lated as follows with the above formula:

W =0.35x0.45 x 392145.69 x 1.2189 + 0.36 x 0.65 x 5353.468 x 1.2189 + 0.7 x
0.45 x 9410.842 x 1.2189 = 80423.1m°

Table 1: Runoff Coefficient and Reduction Coefficient of Different Land Use Types

Land use type Runoff coefficient Reduction coefficient
Paddy field 0 0.05
Slope farmland 0.6 0.55
Forest land 0.35 0.45
Wild grass ground 0.36 0.65
Construction land 0.7 0.45
Water area 0 0.05
Bare area 0.65 0.65

3.4 Form Simulation and Dam Height Determination

ArcGIS software provides a surface volume calculation tool, inputs landform and dam height
as parameters, and thus calculates the corresponding water body volume (TANG 2012). The
“reservoir capacity curve” indicates the relationship between the water level of a reservoir
and the corresponding reservoir capacity. In this research, the “reservoir capacity curve” in-
dicates the relationship between the top elevation of a dam for low-lying water catchment in
the basin, and the water catchment volume; the vertical coordinate indicates the top elevation
of the dam, while the abscissa indicates water catchment volume. We may use ArcGIS soft-
ware to calculate reservoir capacity by constructing a triangular irregular network (TIN) dig-
ital elevation model and inputting parameters based on existing functioning models (Figure
7). According to the water-collecting volume at dam location D, the maximum elevation of
the dam is 66.8m; taking this figure as the upper limit, the researcher simulates water surface
forms corresponding to different dam heights in ArcGIS software, compares and screens out
aesthetically superior water body forms, and thereby determines the final dam height.
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Fig. 7: Reservoir capacity curve generated as per water level and corresponding reservoir
capacity

3.5 Water System Generation

Focusing on Basin 4, after initial determination of the water body formation, we may start
the design of the next-stage water body by means of a simulated natural waterscape design
process model. The amount of water available is the sum of the water gathered in the catch-
ment area and the water contained in the previous-stage water body. Obviously, the construc-
tion of a water system is a process of elevating the basin from high to low stage by stage, and
the pools, marshes, ponds, and lakes formed in the water system are inter-related with the
water volume. Figure 8 shows the three-dimension simulation of the simulated natural wa-
terscape design in the northern area of Mt. Ox Head Scenic Spot using ArcGIS software.
This water system consists of three relatively big water surfaces, ravine streams and head
falls of different elevations, and could ensure water supply throughout the year according to
water volume estimation and adjustment. It has been nearly two years since the completion
of the simulated natural waterscape design project in the northern area of Mt. Ox Head Scenic
Spot in Nanjing. Here, the water body is natural and beautiful, the water babbles away, and
the aquatic ecosystem is basically stable, integrated with the surrounding natural environ-
ment, not requiring artificial maintenance. Based on systematic thinking, and relying on dig-
ital analysis, calculation and design, the precipitation originally drained into a surrounding
urban pipeline is accumulated, realizing a full-process systematic and sustainable waterscape
design (Figure 9).
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Fig. 8: Simulating natural waterscape 3D display by ArcGIS

Fig. 9: Simulating natural waterscape in north part of Mt. Ox Head, Nanjing, China

4  Conclusion

For the design of a landscaped environment, the construction of simulated natural water-
scapes has a significant impact on aesthetics, ecology, and culture. We therefore need to
research sufficiently the formation process of natural waterscapes, and, based on systematic
thinking, construct a simulated natural waterscape design process model which includes five
parts, namely catchment area analysis, waterscape location selection, water-collecting vol-
ume estimation, dam height calculation, and waterscape form simulation. Through digital
analysis and design using ArcGIS software, we can effectively research the elements gener-
ating waterscapes, make the design and construction of simulated natural waterscapes more
controllable, reliable and precise, thus providing scientific support for the construction of
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waterscapes, and realizing the organic unification of “rational perception and perceptual in-
tuition” in the design process.
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