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ABSTRACT

This research aimed at preparing an object-oriemtedule to use in conjunction with
an object-oriented urban terrain hydrological reggomodel. The module serves to
capture terrain data and prepare them and make fiheminput to the core part of the
urban terrain model. This research had construtteanodule. It engages five classes
of object, which give it capability to faithfullyapturing terrain hydrological features
and other relevant data, and arrange them in sweayaas to serve as fit input to the
core part of the urban terrain model. The moduleregents an urban terrain by
meshing it unto a network of rectangle object eletmieln order to overcome edge
problems associated with the meshing, utilizing Ilnmaize of elements (hence higher
number of elements) and weighted average in tefrgithiin a cell contained terrain-
sheds areas’ were advised. It also strongly engedrahe invention of a more
automate ways of terrain data capturing, to replheananual data entry procedure still
utilized in this module.
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INTRODUCTION

Since its invention in 1960 (Poo, Kiong, & Ashok(8), the Object-Oriented Approach (OOA)
has been widely utilized as a computer programmergdigm in modeling various engineering
systems. Wide use of the approach may be attritiotéts tremendous capability to mimic the
real system that is being modeled. Some notabtetefin this line that can be mentioned here
are Struthers & lllidge, (1995) who evaluated tigeit spill potential and loss prevention by an
object-oriented tool, Wong & Yong, (1999) who usedo model container terminal analysis,
and Sydelco, Hlohowskyj, Majerus, Christiansen, &l@h, (2001) who developed an object-
oriented framework for dynamic ecosystem modelD@ (2001) used it in combination with
artificial neural network for short-term traffic fecasting, and Weidl, Madsen, & Israelson,
(2005) applied the paradigm on root-cause analysd decision support on the operation of
complex continuous processes. Later on Pah, (20h&)recently used the approach to develop
a new way of generating moment curvature relatignsi a beam section loaded in flexure
declared that the approach is much efficient inidgavith multi-material beam cross-section
and can be even developed as to be capable ofzarmalgomplex composite bi-axial bending
beams. In addition to that, he most recently, mhigld a book in which he presents his works in
2008 of using the object-oriented approach to aaterthe Water Safety Plans for risk analysis
of urban water supply system (Pah, 2013). Trememndoapability of the object-oriented
approach lays in its principle concepts: object&apsulation, class and inheritance that enable
modeling by this paradigm to faithfully replicateet real system that is being represented.
Possessing those concepts, OOA stands as the &tegputer programming paradigm for the
modeling of engineering systems.

If we look closely at the civil-engineering, one itg fields that can benefit much from the
potency of OOA is the urban infrastructure engimgerThis may be attributed to attractiveness
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of terrain-based modeling (Tucker, Lancaster, GasipaBras, & Rybarczyk, 2001) which is
enhanced by the object-oriented paradigm. Moddiydyological response of an urban terrain in
object-oriented paradigm e.g., can serve as amh piedorm by which urban drainage systems as
well as its water-supply-system are designed, myteri inundation by surface runoff can be
predicted beforehand and preventive measures caimttmeluced in response to it. Also, a
progressive master plan for an urban area can loe appropriately developed, as various future
scenarios of terrain development are inputted timomodel and studies of their future impact on
hydrological response of the terrain are carried O®A therefore is an appropriate paradigm
for modeling terrain hydrological activity in urbarfrastructure engineering.

Modeling an urban terrain in object-oriented pagadpresents two major works: (1) developing
an object-oriented module for the registration gm@paration of terrain data, be they
hydrological, topographical, geological, or demguipiaal etc, and (2) developing an object
oriented model that mimics the hydrological dynawrmtivities of the urban terrain in question.
The former is preparatory in nature while the latmds as the main part or the core of the
modeling. While the later does not present manfycdities to an object-oriented modeler, the
former does. Difficulties in relation with the foenarise from the fact that a terrain needs to be
meshed into a finite number of interconnected etémeconceptually called object, before
further modeling process be carried out. Each ef elements should be able to faithfully
replicate features of part of the terrain thateppresents. It can be easily conceived that when
available terrain data are sparser than the netebelements, as is often the case, faithfulness
of the replication is consequentially compromisEdis is implied by Mobley, Caroll, & Canann,
(19987?). Another challenge which is also in relatwith the former is how to process terrain
raw data in an object-oriented way, and prepanmm th fit input to the core part of the model.

This research dealt with the challenges just maetioabove and seek to develop an object-
oriented framework for the preparation of data thiditlater serve as input into the core part of
the object-oriented hydrological terrain model. Tin@mework will come in the form of a
module whose principle task is to register terdata and make it fit for further manipulation in
the core part of the model. It limits its scopadivo dimensional terrain in the form of a square
(width of the terrain equals to length of the sa@ar®) a network of cell-element in the form of a
square. It expects an available terrain data wisiclot sparser and not less in detail then those of
the network of cell-elements. At condition wheraidable data are sparser or less in detail than
the cell-element network, means of data normabpatvill be provided. We shall begin the
discussion concerning the module by bringing foohthe way it is constituted.

CONSTITUTION OF THE MODULE

Since the module is object-oriented in charactas, sensible to begin by presenting the classes
of objects that form the module, and only secongligsent the way by which the module
operates, after all classes of object have beaoulgbly explained.

Classes of Object

In accordance with the philosophy of the objecewnteéd modeling, an object in this module is a
conceptual part or a conceptual component of aarutérrain that has a clearly defined function
and plays a certain role. An urban terrain withitallassociative components will be regenerated
and presented in the form of a model when a defisystem of objects works together for the
terrain in question. Objects of similar kind formckss of object. Followings are classes of
object that form this module. One thing needs noenbefore progressing any further namely
that the development of classes of objects elabdriat the following presupposes the existence
of a human modeler and a data transcript of thraitem question.
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Class: Preliminary Data Organizer

First class of object in this module is the cld&&sliminary Data Organizer. This class possesses
only one object namely the Preliminary Data Organi®PDO). At the commencement of the
module, a PDO will be activated and ask for inguhe followings:

(i) Sides (S) of the terrain, and
(i) Number of elements {)) unto which the terrain is to be meshed.

After the input of those above, the object calagdength of the side (s) of the elements by the
following equation:

N (1)

where

s is length of side of the element
S is length of side of the terrain, and
Ne IS number of elements,

and Number of Elements within a Row (east-westctiva) (NOEg), as well of Number of
Elements within a Column (south-north direction)O&t), in the following way

NOE,, = NOE, =./n, ()

and creates a relevant Cartesian plane, whosehlehgt axis and that of y axis are respectively
equal to S.

Immediately following this, the PDO generates thgot of Data-Cell (DC) in numbers equal to
that of R and assigns to each of the cell so generatedqai@imitial by the following algorithm:

1. Unto the first cell is assigned initial mn of whioh= 1 and n = 1, side of cell s, and position
the cell at coordinate (0;0) in the Cartesian plan;

2. The PDO then will find out whether the number of Diiat has just been assigned equals to
any folds of NOR. At inequality, the PDO will

a. increase m by 1 and assigns initial mn to the nelt side of cell s, and position the
cell at coordinate @+ (m-1)(s);0); {m|0<m< NOE;; m is a round number} in the
Cartesian plan. Following this assignment, the RidlDcheck if the number of DC
that has been assigned has equaled to any fol® Bk.

At inequality, the PDO will pick the next cell, irase m by 1, initial the cell with
mn and proceeds by the assigning of side of calids positioning of the cell in the
same manner as described in 2a above.

At the equality, the PDO will find out whether tmeimber of DC that has been so far
assigned equal to any folds of N@Rt inequality, the PDO will pick the next DC,

b. sets the value m equals to 1, increase n by 1 ssigrainitial mn to the cell, side of
cell s, and position the cell at coordinateO+H(m-21)(s);0+(n—-1(s))
{n|0<n< NOE.;n is a round number} in the Cartesian plan. The PRI then
proceed in the same manner as described in 2a athivyéime with the current value
of m is kept static until the number of the ass@yoell equal to any folds of NQE

At equality to the folds of NOE PDO ceases from assigning DCs.
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Class: Data-Cdlls

It is already implied in the foregoing that thepasts, in connection with PDO, another class of
object in this module which is called class: Da&tCA Data-Cell (CD) is an object of the class
whose main function is registering features an@d @ata part of the terrain that it represents. At
the event of data registration, each of data-eeilisbe activated one by one, starting with the
one with the lowest initial until the one with theghest. At activation, the cell will register its

coordinate of position and its initials as itsiatites and will proceed with asking the modeler to
input of the following data:

(i) elevation (z);

(i) intensity (in terms of height) of precipitation {p)
(iii)surface’ runoff coefficient (C), and

(iv) surface coefficient of smoothnesg)(rand then
registers them as its attributes.

It is possible that for each of the items aboverdlexists more than one number of data. At such
a condition, the cell will average those values eaglsters the averaged value as its attribute.
Then by sending its attributes to the object ofrdierCell-Publisher (explained later), a data-cell
concludes its activity.

Class; Terrain Cell Generator

A Terrain Cell Generator (TCG) is the only objatthe class: Terrain Cell Generator. When set
into function, the object generates the object efrdin-Cells (TC) (explained in the following)
in a number equals to the number of data-celladiregenerated by the PDO. One TC is paired
with one DC. Unto each TC is assigned attributegsoforresponding DC. It can be perceived
that when the TCG concludes its task, there erisihé module, Terrain-Cells in number equals
to the number of Data-Cells already in existenceglhof which possesses attributes which are
identical with attributes of its corresponding Datall.

Class; Terrain Cdl

A Terrain_Cell (TC) is an object in the class: BamrCell that mimics the features and the
predicates of a part of an urban terrain thatptesents. A graphical representation showing the
general structure of this object appears in Appefdit is obvious form the representation that a
Terrain_Cell possesses attributes that corresptmds Data-Cell and various methods which
enable it to function as a part of an urban terr#irother classes are only property of this
preparatory module, class Terrain Cell belongsath Ithe preparatory module and the core part
of the model. In this way it serves the functiorisaoport (or a “socket”) through which the
module is connected to the Core Part.

Class: Terrain Cédl Publisher

This class is formed by a single object: Terrail-@ablisher (TCP). The existence of this
object has been implied in the preceding, when {0atils was discussed. A TCP displays
information sent to it in a Graphic User InterfdGUI) platform, in such a way as to give areal
picture to the users on features of the terramuiestion and its distribution throughout the same.

! Known otherwise as Coefficient of Imperviousnes} (

Pah, J.J.S, “Preparatory Module for the Object+@ed Modeling of Urban Terrain Hydrological Respshs 172



Jurnal Teknik Sipil, Vol. ll, No. 2, September 2013

Operation of Objects

As classes of object have been explained in theedieg, it is proper now to discuss how the
module with all its objects operates. For that psgpand to give a picture of how numbers are
manipulated in the operation, a sample terrain whoslrological and topographical data shown
in Figure 1 is proposed.

It can be seen in the figure that the terrain ®0am side rectangle. There exist a multi-unit
residential area at the north-western part of ¢éneain (violet in color), with elevation of +10 m
and runoff coefficient, C, of 0.7. Most of the rwtn part of the terrain comprises of play
ground (blue in color) with runoff coefficient of € 0.3, at elevation of +7 m. The remaining
part of the terrain is a bituminous pavement whelsegation is + 5 m, runoff coefficient, C =
0.8). All runoff coefficients used in this samplene adopted from (Akinyemi, 2006). Constant
and uniform precipitation of 100 mm/min is assurf@dhe whole terrain. Surface coefficient of
smoothness in the value of 0.02 has also been assdion every part of the terrain. It is
important to remind here that the operation ofrtieule presupposes the existence of a human
modeler.

15 m 5m 10m

Elev. +10 m

Multi-Unit Residential Elev. = Elevation;

C is runoff coeficient (Coeficient of
Imperviousness),

Precip. 100 mm/min Precip. = Intensity of Preciptation.

10m

Elev. +7 m
Play ground {C=0.3)
nd = 0.02

10 m
30m

Precip. 100 mm/min

Clev. +5m

Bituminous Pavement (C=0.8)
nd = 0.02

Precip. 100 mm/min

10 m

30m

Figure 1. Graphical Data Transcript of the Sample Terrain

15m 15 m

14 | 24 | 34 | 44

13 | 23 | 33 | 43

30m

12 | 22 | 32 | 42

0110211 31| 41

10m 10m
—_— —_—

(a). Network of Elements (Data-Cells) (b). Representation of the Sample Terrain
by the Network of Data-Cells

Figure 2. Representation of the Sample Terrain by the Mesh of Data-Cells.

The operation starts by the activation of the PXQhe modeler. For the time being, the terrain
will be meshed into a network of 16 cell elemerigre 2). As side of terrain S = 30 m, and
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number of elements.# 16 are inputted, the PDO calculates length o sitthe element by way
of equation (1), resulting in
30
S= =10 m 3
J16-1 ©)
Length of side of each of the element therefor&Qisn. Following this the PDO determines the
NOEg and NOE: by way of equation (2) which results in:

NOE, = NOE, =+/16 = 4 (4)

and creates a relevant Cartesian plan, and 16 Dx@e.each of the DC is assigned an initial and
is positioned in a coordinate by way of the aldont described previously under “class:
Preliminary Data Organizer”, resulting in the gextem of network of DCs shown in Figure

2(a), each of which represents a part of the teaaiexplained by Figure 2(b).

Each of the DC is then summoned into action oneri®; starting from the one with the lowest
initial (DC 11) until the one with the highest (B®). At every session, the modeler will have to
input: z, C g and p, as described previously, into the actiVie lego the cell DC 11, e.g. shall be
inputted: z =5 m; C = 0.8, nd = 0.02 and p = 106/min, into cell DC 14 shall be inputted: z =
5m; C=0.7,nd =0.02 and p = 100 mm/min, inth©E 21 shall be inputted: z=5m; C = 0.8,
nd = 0.02 and p = 100 mm/min, into cell DC 24 shalinputted: z =5 m; C = 0.7, nd = 0.02
and p = 100 mm/min, into cell DC 31 shall be inpdttz =5 m; C = 0.8, nd = 0.02 and p = 100
mm/min, into cell DC 33 and DC 34 shall be inputtedc 7 m, C = 0.3, nd = 0.02 and p = 100
mm/min, into cell DC 41 and cell DC 42 shall beuttpd: z=5m; C =0.8, nd = 0.02 and p =
100 mm/min, and into cell DC 44 shall be inputted= 7 m, C = 0.3, nd = 0.02 and p = 100
mm/min. Since a single value belongs to every itaked by the cell, each of these cells will
directly render the input data as its attributdser€ are, as may be obvious from Figure 2b, cells
into which more than a value (a multi-value) shmdl inputted for any items it may ask. In the
present model, cells of this kind are: DC cell 13, 22, 23, and 43. Each of these cells will
average those multi-values as they are enteredtib&fore rendering the result as its attributes.
Table 1 displays the attribution of all these celfgl final result of data preparation. Entries
printed in bolds shown in the table are renderethbyrespective cell as its attributes.

Table 1. Attribution of DCs objects and Final Result of Data Preparation

DC z (m) Cc nd p
Initials Value1 Value? Average Value1 Value? Average {mmimin)
11 5.00 5.00 0.80 0.80 0.02 100
12 500 7.00 6.00 0.80 0.30 0.55 0.02 100
13 7.00 10.00 8.50 0.30 070 0.50 0.02 100
14 10.00 10.00 0.70 0.70 0.02 100
21 500 5.00 0.80 0.80 0.02 100
22 500 7.00 6.00 0.80 0.30 0.55 0.02 100
23 7.00 10.00 8.50 0.30 070 0.50 0.02 100
24 10.00 10.00 0.70 0.70 0.02 100
Y| 5.00 5.00 0.60 0.80 0.02 100
32 5.00 7.00 6.00 0.80 0.30 0.55 0.02 100
33 7.00 7.00 0.30 0.30 0.02 100
34 10.00 10.00 0.70 0.70 0.02 100
41 5.00 5.00 0.80 0.80 0.02 100
42 5.00 5.00 0.80 0.80 0.02 100
43 500 7.00 6.00 0.80 0.30 0.55 0.02 100
44 10.00 10.00 0.70 0.70 0.02 100
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The subsequent step of the operation is the gemerait Terrain_Cells by the object Terrain Cell
Generator, in number equals to the number of DG edleady in existence, and is paired with
each of them. Each Terrain_Cell adopts attributas fits DC partner as its own attributes. Until
this stage, there exists in this module theref@d& érrain_Cells apart from the 16 DCs, whose
attributes is in one to one correspondence to thofise DCs. It needs emphasize here that if so
wished, every stage of the operation can be pudaisly the Terrain Cell Publisher to give to the
modeler information about the real-time developnuodrihe model he/she is constructing.

DISCUSSION

Careful readers may have noticed that there arerake\points, in connection with the

construction of the present module, that need @éurtlonsiderations. Following points have been
identified by the author as needing further consitlen and will be brought into discussion in

this section: (1). Edge Problem; (2). Faithfulne$she Model to Replicate the Terrain, (3).

Representation of the Variation of Precipitatiotefrsity, and (4). Manual Data Entry. Let us
begin with the edge problem.

Edge Problem

Edge problem is a set of problems in terrain mogethat is associated with the meshing of the
terrain unto a network of a number of smaller eletaeTwo sub sets of this problem may be
identified, namely (a) that which is associatechvaititer boundary of the terrain (peripheral edge
problem) and (b) that which is associated with hbendary between two or more parts of the
terrain that possess different features one toother (internal edge problem). Cause of this
problem lays in the fact that since elements engaap any terrain model are in regular shape
(triangular, quadrilateral or rectangular (as irs ttmodule), etc), edge of the terrain can not be
perfectly matched by the edge of the mesh. The sanebe said of internal edge. Figure 2b
above clearly shows these two sub-sets problennsayt be easily seen in the figure that due to
shape regularity of the element employed in thisiehoouter boundary of the DCs network falls

at a certain offset (5 m) from the actual terrapuitdary, and since, for example, internal border
between bituminous pavement and play ground fallshe middle of cells 12, 22, 32 and 43,

15 m 15m 15 m 15 m

30m
30m

25m

E [

25m

(a). Meshing the Terrain unto 49 Square Elements (b). Meshing the Terrain unto 169 Square Elements

Figure 3. Meshing the Terrain unto Higher Number of Cells

representation of their edge by the network of isetilound to be imprecise. This problem can be
overcome either by employing non-uniform shapescglk for instance some are quadrilaterals
while other triangles) in such a way as to matclelase as possible the edge of the mesh unto
that of the terrain, or by employing higher numbgelements (hence smaller size of elements),
or by employing both ways in combination. Figursh®ws that by employing higher number of
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elements (hence smaller size elements) degree weaiseness that arise from both peripheral
and internal problems may somehow be reduced.

Faithfulness of the M odel to Replicatethe Terrain

Internal edge problems discussed in the precedgsginaes another problem that relates to
faithfulness of the replication of the terrain Ine tmodel. Referring to cells that contain internal
borders, (cells of this category contains more tbae type of terrain-shed), question may be
asked as to which of the terrain-sheds shall thergeresent? It is of common knowledge that
for every feature of a terrain-shed, a cell canyaelpresent but one value. Should the cell
represent only one of the terrain-shed, faithfudnleas crept in, in regard to the unrepresented
one. In this present module, faithfulness of reglan is enhanced by taking average of the
values of two or more terrain-sheds in a cell. &y of enhancing replication faithfulness is
accepted only when areas of each terrain-shedioedtay the cell are equal. At inequality, as is
often the case, averaging does not faithfully re@né the correct value. To represent correct
value, taking weighted average of terrain-shedesln terms of contained area of terrain-shed
within the cell may somehow enhance faithfulnesthefreplication, and can be implanted as a
method in class: Data-Cell in place of the methddnarmal averaging. However lack of
replication faithfulness is still bound to occugespite employing the later method, if features of
the terrain in question are of very high variatiés. terrain to be modeled can be of very high
variation, inventing methods which can preciselgresent a terrain is mandatory. This study
therefore strongly encourages engineers and ssigenivho are interested in urban terrain
modeling, to do research for better way that cacipely and faithfully represent a terrain in an
object-oriented model. Can fuzzy mathematic helgdlve this problem? Finally, it should be
mentioned that faithfulness of replication can digoboosted to a certain satisfying degree by
employing smaller size of elements (hence greatsrber of elements).

Variation of Precipitation I ntensity

It is commonly known that intensity of rain is ragnstant but varies over time during which it
occurs, as may be shown by a bunch of intensitgwstion curves in Figure 4. In current
module, rain intensity has been assumed as const@nttime. In order to be more realistic,
instead of a constant number, rain intensity shdaddrepresented by an equation, which is
construed in reference to relevant Intensity vsailan Curves, and be implanted into DCs as a
method of representing precipitation features tafreain.

300 S S S S D A )
District 2 H
1= AlB+T :

250 i, Frequancy A B m I

% 2-year 1708 12497 067 I
S-year 1963 1354 085 M
\l‘\ 10-year 2096 1333 082 H
— 200 Erequency 25-year 2412 1294 082 H
< Y 100-year S0-year 2650 1416 082 ||
"E‘ \\} S0-year 100-year 2574 1243 079 L
E 25-year
- \ 10-year
S ALV AN 5-year
= [&F 2-year
c
£
- 1oe L[] /
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e P R e s s SO At e o B
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o]
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Figure 4. An Example of Rain Intensity vs Duration Curves (Akinyemi, 2006)
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Manual Data Entry

As also may have been noticed by the readers,editg in the operation of this module is still
manually done. This certainly reduces the automataf an object-oriented computer modeling,
and hence ways should be invented to increaseutioenation of data entry. In pursuant to it,
this study encourages researchers to do reseaadnte up with an automate ways by which a
preparatory module of an object-oriented terrairdeting tool can capture physical features of a
terrain directly from its satellite photograph arbarne electronic distance measurement. Optic
Character Recognition (OCR) in combination withifieial Neural Network (ANN) can be very
useful for this purpose.

CONCLUSIONS

1. This research had developed an object-orientedapsiggry module to use in conjunction
with an object-oriented urban terrain hydrologiedponse model,

2. Principle functions of the module are to captureudran terrain’s physical, hydrological as
well as demographical data etc, and to arrangeesphre them as to become fit input to the
core part of an urban terrain model,

3. The module comprises five classes of objects, ehethich was predicated in such a way as
to render the module capable to fulfill the purposntioned in point 2 above;

4. The module meshes the terrain into a network afraber of square cells, called Data-Cells
(DCs), each of which is an object in its own righat can be predicated to match the
property of part of the terrain that it represemtsl is capable of communicating with other
objects and behaves autonomously;

5. Apart from Data-Cells, the module also generatealier Cells (TCs) in numbers equals to
the number of Data-Cells, and posses identicabates as those of Data-Cells;

6. A Terrain_Cell mimics hydrological response andivatts of part of a terrain that it
represents, in such a way that an urban terraim igtassociated hydrological activities will
be faithfully represented in the form of a modelewha definite system of Terrain_Cells
work together for the terrain in question;

7. A Terrain_Cell is an object that connects this prafory module to the core part of an urban
terrain model by belonging to both the preparatopdule as well as to the core part of the
module. In such a way, it can be conceived of ahysical “port” or “a socket” through
which the two parts of the model, the preparatony the core, are connected to each other;

8. Edge problems, associated with the meshing ofdtraih had been identified as reducing the
faithfulness of replication. In response to itJimthg higher number of cell network had been
advised to overcome the problem;

9. Moreover, by employing greater number of cells leeamaller size of cell) to represent the
terrain in question, faithfulness of the replicatwf the terrain is greatly enhanced;

10.To further boost the faithfulness of data capturitigs research advised that method of
weighted average in terms of different terrain-slaeea within a cell, be developed and
engaged into the module, in place of normal aveitagarently employs;

11.This module still assumes constant precipitatidansity throughout time, in spite of actual
variation of the same over time; this may redueef#tithfulness of replication of the terrain
by the module, in terms of rain intensity. To owne this shortcoming, use of a rain
intensity as function of time is imperative in paaf a constant number, and

12.Finally, researchers are strongly encouraged toecam with a more automate ways of
terrain data capturing, in place of the manual stilieutilized in this current module.
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Appendix 1: General Structureof a Terrain_Cell Object

Terrain_Cell

Attributes Name: “mn”

Position_Coordinates “(x;y)”

Elevation “(z)"

Surface’ type (C) C = Coeficient of Perviousness

Cell_side’s_width “(s)”

Height of Perciptation “(p)”

Degree of Smoothness “(ng)”

Method1 Get_Time()

Clock.Instant_Timelnterval (t)

Method2 Get_precipitation()

Precipitation.Height_of Precipitation (h)

Method3 Get_neighbours_elevation_and_Distance()
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Terrain_Cell

Neighbour_Identifier.neighbour_positions(Position_Coordinates “(x, y, 2)")
Get_neighbours_coordinates {N=(x, y, z)x; NE=(X, Y, Z)ne; E=(X, Y, 2)g; SE=(X,
Y, 2)se; S=(X, Y, 2)s; SW=(X, Y, Z)sw; W=(X, Y, Z)w; NW=(X, Y, Z)nw}
Calculate_neighbour_distances {N=ry; NE=r\g; E=rg; SE=rsg; S=rs; SW=rgw;
W=ry; NW=ryw;

Method4 Calculate_neighbours_slope()
Neighbours_slopes {N=iy; NE=iyg; E=ig; SE=igg; S=is; SW=isw; W=iw; NW=igw}

Method5 Calculate_WaterSharingFactor()
Numbers_of RecievingNeighbours {R,}
WaterSharingFactor {W=1/R.}

Method6 Calculate_IncomingWater()
WaterVolume_of_Precipitation {V,,=s’h}
WaterVolume_from_ContributingNeighbours

Method7 Calculate_OutgoingWater()
To_RecievingNeighbours {(N) = W; f(i, r)n; (NE) = W (i, Nne; (E) = Ws (i, Ng;
(SE) =W, (i, nse; (S) = Ws f(i, n)s; (SW) =W £(i, Nsw; (W) = Wi (i, Nw; (NW) =
W £(i, Nw;
Infiltration { | = f(C,)}

Method8 Calculate_StayingWater()
StayingWater = IncomingWater — Outgoing Water
Height_of StayingWater = StayingWater/s2

Method9 StayingWater()
Produce Height_of StayingWater (Hcen)

Method10 Publish_Height_of StayingWater

TerrainPlatform.Publish Height_of StayingWater {(X, Y, z, Hcei)}
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