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Flood in Brownsville 

Define the best place to build a house

Presentation of my results

Problem : Let’s take an example of a man who is moving into Brownsville (South Texas) and who wants to find a house as close as possible to a river because he loves fishing. He has the choice between four different places more or less close to a river. The problem is that this river is subjected to flood very frequently: the closer from the river he is, the highest the probability to be flooded is but the cheapest the house is. He is wondering what is the best choice to make given the fact that he plans to live there during 50 years. He wants me to help him…

Data: The data I have are:

· The yearly peak flow over 50 years for the river of interest at the downstream cross-section (from 1932 to 1982). I consider that the peak flow are statistically independent.

· A model that compute the map of the flood. To run a simulation (time consuming) the input are: the flow at the cross section downstream, the height at this cross-section corresponding to the flow and the Manning coefficient for the river. I consider that there is no uncertainty for the Manning coefficient in order to simplify the problem.

· A relationship between the height of the water and the flow at the downstream cross section.

· Four places available to build the house.

I - Design of the 100-year flood

First I would like to design the 100-year flood to have an idea of the possible extend of the flood. To obtain this result I have used a Type I approximation and a Monte Carlo simulation.
· Based on the available record, the yearly peak flow, X is modeled as a normal variate: X=N(470 cfs,209.4 cfs). The peak flow in 100 years, Yn, will tend toward a Type I distribution with the following parameters: 

Un= 957.15
αn= 0.0127

Therefore, the mean of the flow over 100 years is given by:

E(Yn)= 1002.50 cfs
· I have also used a Monte Carlo simulation to define the mean of the flow of the 100-year flood. To have a 95% confidence bounds in the estimated mean and 1% error we need to make 7625 simulations. The result is:

E(Yn)= 1016.26 cfs which is close from the asymptotic result.

With the information from the Monte Carlo simulation I have designed the 100-year flood. 
Q(100 year flood)= 1016.26 cfs
H(100 year flood)=25.73 feet (obtained from the relationship H=f(Q))

We can notice that there is one house which is not in the flood plain.
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100-Year Flood
II - Estimation of the probability P(Yn>Q) over 50 years

To decide where to build the house we need to know the probability that the house is flooded over 50 years.

To do this I have used the Type I approximation:

P(Yn>q)=1-EXP(-EXP(-αn *(q-Un)))

For example, the house A is flooded if a certain height h of water at the cross-section near the house is reached. With the model, I can define the value of Q required at the downstream cross-section. And with the above equation I can have the probability that this happens.

To draw the following map, I have computed the probability:

P(Yn>q)=1-EXP(-EXP(-αn *(q-Un)))

for several value of q at the downstream cross-section. And for each q I have a delineated the flood plain.
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Map of the probabilities of the floods
· For house A: 
      P(House A flooded)= 0.9

Qdownstream=870 cfs

Distance to the river=63.74 feet
· For house B:
      P(House A flooded)= 0.618

Qdownstream=960 cfs

Distance to the river=356.06 feet

· For house C:
 P(House A flooded)= 0.29
Qdownstream=1040 cfs

Distance to the river=496 feet

· For house D:
 P(House A flooded)= 0

This house is not in the flood plain.
Distance to the river=643.7 feet

III – Decision Tree
We can now make a decision with the information we have. Let’s make a decision tree:

	probability
	price house
	Flood damage
	Expected cost

	0.9
	700
	320
	988

	0.1
	700
	0
	

	0.618
	850
	320
	1047.76

	0.382
	850
	0
	

	0.3
	900
	320
	996

	0.7
	900
	0
	

	0
	1000
	320
	1000

	1
	1000
	0
	


       House A    Flooded

                         Not Flooded

       House B   Flooded



      Not Flooded

       House C   Flooded

                        Not Flooded

       House D   Flooded

                        Not Flooded

If we only use the expected price to make our decision, we should choose to build the house at the location C. By doing that we don’t take into account the fact that the owner wants to leave near the water.
To describe this we can use a risk affinitive utility function.
I used the quadratic function with alpha=-0.3

And x=(cost-998)/(59.76)

Here are the results:

	probability
	price house
	Flood damage
	Expected cost
	x
	Utility
	alpha

	0.9
	700
	320
	988
	1
	1.3225
	-0.3

	0.1
	700
	0
	
	
	
	

	0.618
	850
	320
	1047.76
	0
	0
	

	0.382
	850
	0
	
	
	
	

	0.3
	900
	320
	996
	0.866131
	1.125457
	

	0.7
	900
	0
	
	
	
	

	0
	1000
	320
	1000
	0.799197
	1.029255
	

	1
	1000
	0
	
	
	
	


In that case that owner should choose the place A to build his house.

Conclusion:

The answer to question asked in introduction is to build the house in place A. It is almost certain that the house will be flooded but the choice takes into account the willingness to be close to the river.

Annexe:
· Historic of the yearly peak flow:
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Mean=470.01

Standard deviation=209.4
· Relation Q=f(h)
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· Monte Carlo simulation
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Bxtreme Value Example
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1 n 100 50 25

2 E(X) 470.0109108 470.0109 470.0109

3 Std(X) 209.4032317 209.4032 209.4032

4 un 957.1544286 900.0724 836.6103

5 alphan 0.012727841 0.011561 0.010288

B E(Yn) 1002.505089 950.0003 892.716

7 Simulated E(Yn) 994.6782117 941.75  881.6571

8 7624 trials needed

9 so that the result correspond to 95% confidence bond in the estimated parameter

10 There is 1% errol muy

" Realisation

12 Annual Year 1 2 3 4
13 Max Qcfs Qi-mean 1 618.045241 B86.651928 BB0.212299 367532
14 1932 597 9610689 16371.24. 2 202791787 629.76846 202707989 273.370
15 1933 7100933073 57639.56 3 605953023 | 482.484508 128.418717  527.501
16 1934 601.0443241 17169.76 4 378.815768  837.086418 278.94B052 47 26E
17 1935 569.7271587  9943.33 5 B90.412385 355.947587 511923491 659.995;
18 1936 2225142209 61254 B1 6 51864094  493.426877 582034265 207.087:
19 1937 3743456984 9151833 7 461.058517 | 764.764982 722607196 B56.321
20 1938 767 5055242 83503.05, 8 333.887394 295921914 34.8910235 507.470
21 1939 2527176191 47216.37 9 385405139 B12.744986 430216147 715.116;
22 1940 4909831075 439,833 10 60586113 270.452408 520797085 679506
23 1941 9720706868 252064 " 792958892 587.778271 583.188637 210.181
24 1942 5057737764 1278983 12 23593933 381.755857 510.32013  404.457
25 1943 377 4249632 8572.158, 13 704642894 956439817 347221354 761.940
P 1944 339.5750566 1701351 14 258802512 557.767935 420597839 410.615K
27 1945 711983874 58550.91 15 861559389 B91.233706 570179635 270.0771
28 1946 4113232575 3444241 16 277.184855  420.963079 657925232 339.09%:
pel 1947 946234179 1409158 17 771955941  378.44296 580596835 772715
30 1948 568.2617922 9653236 18 858.028293 47671979 487 625974 911.377:
3 1949 218.2728605 63372.05 19 680372754 30539781 746.984941 175492
ﬂ 1950 168.1905798  91095.51 1] 20 754961034 517.205177 250090325 692953,
33 1951 7325335884 B8918.16, B61.138618  368.825178 -71.6778106 B0B.16;
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