
Simulation of Heavy Rainfall Projekt 3, 02691 & 02631, Spring 2012

This project is to be made individually! You are not to write any report, but
you must upload one M-file on CampusNet no later than midnight, Tuesday, May 8.

From time to time territorial areas are flooded
due to heavy rainfall. From the intensity and the
duration of the rainfall it is possible to calculate
how much rain water a given area receives dur-
ing a certain time period. However, depending
on the topography of the area and the possibil-
ities for drainage, the water will usually flow to
certain subareas, which will be flooded if they
receive more water than may be drained.

The purpose of this project is to implement a Matlab-program, which simulates
the flow of rain water on a given square region, where the only possibilities for
drainage is a single drain, which may be blocked. On CampusNet you may find
1) two mat-files, each containing an array Data with rain data, 2) an M-file with
the function topography, which returns the topography of the given area and the
position of the drain, and 3) an M-file with the function simulate, which (when
finished) will do the actual simulation.

The project consists of

1) extending the function simulate, such that it checks the legitimacy of the values
it receives when called (i.e. the values of its input parameters),

2) writing the subfunction getrain, which is called by simulate in order to find
(in the array Data) the amount of rain water (in mm) received during the
latest minute,

3) writing the subfunction update, which is called by simulate in order to calculate
the depths of the water (from the topography up to the water surface) after
the latest minute, and of

4) writing the subfunction show, which is called by simulate after each minute in
order to show the topography and the water surface as in the figure below.
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Your function simulate and its three subfunctions will be checked by the script
testsim, which you may find on CampusNet, and we recommend that you test your
code with that script yourself.

Problem Formulation

As seen from the figure on the front page, the flow of the rain water is simulated on
a square region of size L× L m2 (L = 100 on the figure). The region is divided into
N × N cells of equal (horizontal) areas (N = 25 on the figure), and we will make
the following simplifying assumptions:

• the soil cannot absorb more water. Hence, the rain water can only flow to
regions with lower water surfaces or out through the drain, if that is not blocked.

• the simulation period is divided into small time intervals of length 3 seconds,
and during such a time interval the water can only flow from each cell to its 8
neighboring cells.

• during a 3 seconds interval the change of water depths in two neighboring cells
will be proportional to the difference between the heights of the water surface
in the two cells (since the cells have the same horizontal areas).

From the (unfinished) function simulate we see that the simulation of the flow of
rain water is performed by

• finding the (average) topographical heights of the cells (in meter) and the array
indexes of the drain cell by means of the call [H,I,J] = topography(N);. In
the N ×N array H we may thus find the (average) topographical height of the
drain cell as H(I,J).

• the depths of the water (from the water surface down to the topography)
is initialized by putting all water depths in the N × N array V to 0 in the
beginning of the simulation period, i.e. at time t = 0.

• the array Data containing the rain data is obtained by loading the mat-file,
which simulate is supposed to have received through its input parameter Datafile.

• a figure window is opened in order to visualize the simulation.

• simulate tests whether it has been called with a value of the input parameter
drain. If not, the drain cell is assumed blocked or non-existing.

• after each minute simulate does the following:

a) the amount (in mm) of rain fallen within the latest minute is obtained
from the array Data and stored in the variable rain,

b) the depths of the water are updated, using the amount of rain fallen within
the latest minute, the differences of heights of water surfaces between
neighboring cells and the drain, if simulate was called with values of all
6 input parameters,

c) the surfaces of the topography and the updated water depths are shown
in the open figure window.
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We will now consider each of the three subfunctions, called by simulate in the above
cases a), b) and c).

a) The Call rain = getrain(tnext,Data);

After Datafile has been loaded, Matlab’s Workspace will contain an array Data
having two columns: The first column contains (in strictly increasing order) the num-
ber of minutes passed since the simulation was started, and in the second column one
may find for each entry in the first column the amount of rain fallen within the latest
minute.
If e.g. simulate is called with the data file ’Datafile1.mat’ (found on Campus-
Net), the first ten rows in the array Data will contain the following rain data (here
shown in format short):

1.0000 0.4402
2.0000 0.7175
3.0000 0.2999
4.0000 0.3852
5.0000 0.5950
6.0000 0.2966
7.0000 0

10.0000 0.4479
11.0000 0.6156
12.0000 0.7450

Hence, in the first minute of the simulation period 0.4402 mm rain falls on the square
region, whereas 0.7175 mm rain falls during the second minute. If a certain number
of minute does not appear in the first column there has been no rain during the
latest minute. In the example above, we thus see that there has been no rain from
the 6th to the 9th minute of the simulation period.

The function getrain can be implemented using the following algorithm:

1. Find the indexes i, for which Data(i,1) are equal to tnext (Hint: find).

2. If the set of indexes is empty, the variable rain is put equal to 0 (since there
has been no rain during the latest minute), otherwise the set will contain only
one index i (since the number of minutes are strictly increasing), and rain is
put equal to Data(i,2).

b) The Call V = update(N,q,H,V,rain) or V = update(N,q,H,V,rain,I,J,drain)

If the drain is blocked or non-existing, simulate will call update with only five of
its eight input parameters. The function update is to return the array V, where the
depths of the water has been updated for the latest minute, and this is done by
using 20 time intervals of 3 seconds, since it is then sufficient to compare the heights
of the water surfaces in neighboring cells in each time interval (cf. the simplifying
assumptions on page 2).
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However, before update starts updating V, it extends H and V to the (N+2)×(N+2)
arrays shown below, adding cells along their borders, such that all the original cells
now have 8 neighboring cells. By construction, no water will flow to the new cells in V:

h h · · ·h h

h
...
h

H

h
...
h

h h · · ·h h

,where h = max
i,j

(H(i, j) + V(i, j)), and

0 0 · · · 0 0
0
...
0

V

0
...
0

0 0 · · · 0 0

Having extended the arrays H and V, update then

• calculates (in meters) the average amount of rain, that has been falling, and
the average decrease of the water depth in a possible drain cell during each of
the latest twenty 3-second periods.

Finally update performs the following operations on the extended array V in each
of the twenty 3-second periods:

a) all the water depths in the array V are increased by the calculated amount of rain,

b) the changes of V, due to differences in heights of water surfaces in neighboring
cells, are calculated using the algorithm below, and they are stored in an array dV,

c) V is put equal to V + dV,

d) and if there is a non-blocked drain cell: its water depth is decreased without
making it negative!

Since it is not possible for the water to flow to the new bordering cells of V, b) may
be done by putting the corresponding elements of dV to 0, and then calculate only
the internal N ×N elements of dV by means of the following algorithm:

1. The elements of the array dV are initially put equal to 0.

2. For each i = 2, 3, . . . , N + 1 and j = 2, 3, . . . , N + 1 update then calculates how much
cell no. (i,j) contributes to an increase of the water depths of its neighboring cells,
and changes the value of nine dV-elements:

• first it calculates how much the water surface of cell (i,j) is above the water
surfaces of its neighboring cells: δ(r,c) = (H(i,j)+V(i,j)-(H(i+r,j+c)+V(i+r,j+c)))
for r = -1,0,1 and c = -1,0,1. If δ(r,c) is negative, it is put equal to 0.

• From the assumptions on page 2, we know that the contribution of cell
(i,j) to the increase of the water depth of cell (i+r,j+c) is proportional
to δ(r,c), and since the so-called ’flow parameter’ q (which is one of the
input parameters) is the proportionality constant for a 3-second interval,
the nine dV(i+r,j+c)-values are thus calculated this way:

– dV(i+r,j+c) is increased by q·δ(r,c) for r = -1,0,1, c = -1,0,1, and
dV(i,j) is decreased by the sum S of the nine q·δ(r,c), unless S>V(i,j).

– If S>V(i,j), cell (i,j) will be emptied for water during V(i,j)/S
times 3 seconds. Hence, the numbers above must be scaled such that
dV(i+r,j+c) is only increased by q·δ(r,c)·V(i,j)/S for
r = -1,0,1, c = -1,0,1, and dV(i,j) is decreased by V(i,j).
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After V has been updated with the rain of the latest minute, the added bordering cells
are removed such that update returns an array V of the original dimension N ×N .
The flow parameter q describes how quickly the water flows (’muddy’ water will thus
have a low q-value, corresponding to high viscosity), but since 8 neighboring cells may
contribute to an increase of the water height of their central cell, one must avoid the
height of that cell to raise above the heights of the neighboring cells by choosing

0 < q ≤ 1/8.

c) The Call show(L,N,q,H,V,tnext,rain) or show(L,N,q,H,V,tnext,rain,I,J,drain)

If the drain is blocked or non-existing, simulate will call show with only seven of
its ten input parameters. The function show can be implemented using the following
algorithm:

1. The values in H and V are converted from meter to decimeter, since we would
like to be able to see the water surfaces lifting up from the topology in case
the water depths become more than a few centimeters.

2. Two N ×N arrays, Z and C, with the elements

Z(i, j) = 0 and C(i, j) = ceil(3 · V(i, j)/(V(i, j) + 0.25))

are calculated and used in calls of the form

surf(xvalues, yvalues, H, Z); and surf(xvalues, yvalues, H + V, C);

Z(i,j) and C(i,j) are indexes to the colors that are to be used for the
(i,j)’th cell on the plotted surfaces, and after having marked a possible drain
by a blue star in position (I,J,0), we therefore call colormap with one of the
following arrays:

(if max(C(:))< 2)
0: 0.5 0.25 0
1: 0 0.8 1.0

(if 2 ≤max(C(:))< 3)
0: 0.5 0.25 0
1: 0 0.8 1.0
2: 0 0.5 0.65

(if 3 ≤max(C(:)))
0: 0.5 0.25 0
1: 0 0.8 1.0
2: 0 0.5 0.65
3: 0 0.2 0.3

We note that these colormaps describe a brownish and some blueish RGB-colors.

3. The maximal topographical height maxH is calculated (in dm), and the ranges
of the axes of the coordinate system are limited to

[0, L], [0, L], and [0, maxH + 2], respectively.

4. The present simulation time (in min.) and the amount of fallen rain (in mm)
during the latest minute are written as texts in the respective positions
(0.1·L, L, maxH + 1.8) and (0.1·L, L, maxH + 0.9).
The units ’m’, ’m’ and ’dm’ are written as labels on the respective axes.

5. A heading (title) is written on top of the plot, and a legend is added.
As seen on page 6, the heading and the legend must depend on whether a
non-blocked drain cell exists.
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A Possible Check of the Finished Software

When you have written the three subfunctions of simulate, you may check your
software by executing the script testsim found on CampusNet. Matlab will then
perform two different simulations of heavy rainfall, and after the simulations you
may compare your results to the following jpg-images:
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The Requirements of the Finished Software

In this assignment you are NOT to write any report! Instead you must upload an
M-file to CampusNet, via the entry “Assignments” (in Danish: “Afleveringer”) found
on the left side of the CampusNet window. Below is a list of the rules which will be
used in the evaluation of your code.

• You must upload a single M-file with the definition of the function simulate,
followed by the definitions of the three sub-functions getrain, update and
show, which are called by simulate.

• You are only allowed to write three subfunctions to simulate.

• simulate must check that it is called with an appropriate number of input val-
ues, and that all the input values are legal, (as an example L must be positive).
If a value of an input parameter is illegal, simulate must display a meaning-
ful error message and stop. You may assume that the values of all the input
parameters are of the correct type, and thus you need not check e.g. whether L
is of type char or an array with more than one element. However, you must e.g.
check whether the (double-)value of L is positive, and whether the (double-)value
of tmax is a non-negative integer. Furthermore, an error message must be dis-
played if Matlab is unable to find the Datafile.

• The code must run and produce correct results. The only warnings or error
messages allowed are the ones that you incorporate for the check of the input
parameters of simulate.

• The code must follow the general rules for good software, and thus make
use of appropriate variable names, layout and comments. It must also use
appropriately chosen types of statements in the implementation of the three
algorithms.

• The code for the primary function simulate as well as the one for each of
the three subfunctions must include help texts following the guide lines of the
textbook.

Since your M-file will be checked by means of the script testsim (found on
CampusNet), we recommend that you test your M-file with that script before it
is uploaded to CampusNet.
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