
CE 766 WATERSHED MANAGEMENT 
ASSIGNMENT 3 

 1 

 

 

Aim of this assignment: 

The aim of this assignment is to test your understanding of uncertainty quantification in decision analysis. 

 

What you need to do: 

1. All answers must be accompanied by correct question number. 

2. Submit all answers in a single pdf file. Make sure your name and roll number is present on the front page of 

the file. Name the file as: YourRollNo_As3.pdf. 

3. You can use a word document to compile all answers. For answers that require writing, just type in your 

answer.  

4. If the answer requires coding, you need to copy-paste any result figures into the file along with a figure caption 

to explain the result. You also need to copy-paste the code into the word document.  

5. All plots must be labeled, with font sizes large enough for viewing on A4 sheet on printout. 

 

Deadline: 

The assignment is due on 22nd March 2018 at 1.59 pm. Email the .pdf file to riddhi@civil.iitb.ac.in. 

 

1. Using the stochastic formulation of the lake problem as described in Appendix 1, perform the following exercises: 

i. Develop 100 randomly generated time series of natural inflow (NI) sampled from a lognormal distribution 

with mean = 0.02, and variance=10-5.5. The length of the time series will be the same as that of 

anthropogenic inflows ‘a’, 100 years. The remaining lake model dynamics and economics parameters are: 

b=0.42, q=2.00, alpha=0.4, beta=0.08, discounting rate=0.98.  

ii. For any objective function of your choice (from previous In-class exercise), re-calculate: 

a. The mean of the objective function across the 100 randomly generated time series. 

b. 5th and 95th percentile of the objective function. 

iii. Perform (i) and (ii) again but for different number of samples (10,100,1000, and 10000). Plot the median, 

5th, and 95th percentile of the objective function vs. number of random samples. 

 (5+5+10 marks) 

 

2. Assume now that instead of uncertainty arising from natural inflows, the uncertainty in the lake problem arises 

from lack of understanding of lake dynamics such that you are unsure about the values of ‘b’ and ‘q’. You know that 

‘b’ for your lake lies between 0.42 and 0.52 but do not have any further information. Similarly, you know that q is 

bounded between 2 and 3 and more likely to be near the average of the two values. Using appropriate distribution 

functions, approximate the impact of these uncertainties on estimation of expected net present value utility.  

(10 marks) 

 

3. i. For the decision problem chosen by you in Assignment 1, list possible sources of ‘well-characterized’ uncertainties 

and ‘deep’ uncertainties (if they exist).  

ii. Should you be concerned about deep uncertainties for your problem? Why or why not? (Hint: think about the 

planning time horizons, underlying complexity of system dynamics, possibilities of coupling of socio-economic and 

natural systems). 

(5+5 marks) 
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APPENDIX 1 

 

The Stochastic Formulation of the Lake Problem 

We are going to use the deterministic version of the lake model in Carpenter et al. (1999). The formulation relates 

phosphorus concentrations in the lake, X (dimensionless) with anthropogenic phosphorus inputs, a (dimensionless) via 

two parameters, b and q, characterizing the lake dynamics: 
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.            (i) 

The above formulation is deterministic in the sense that for each anthropogenic inflow trajectory, there is only one 

possible phosphorus trajectory. In real lakes, this level of determinism regarding natural system hardly exists. One 

potential source of uncertainty is the one arising due to naturally varying inflows of phosphorus in the lake, which can 

be represented as: 

1 ( )t t t t t tX X a f X bX        , where 

lg( , )t is distributed as   . 

‘lg’ refers to the lognormal distribution. Note that a lognormal distribution is used as natural inflows must always be 

positive.  and  are the mean and standard deviation of the lognormal distribution, respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. A schematic of the lake problem. 
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