EPFL, Hydrology for engineers (ENV-221), 2025-2026

Assignment 1 — Detailed instructions

Items marked in bold must be included in the report.

1 Process rainfall data from MeteoSwiss

Specific goal: import the data from file data.txt and compute the annual maxima for durations
D of: 1, 3, 6, 12, 24, 48 hours.

0. Data pre-processing: Only in this first assignment are you provided with a template that
imports and cleans the observational data:

Data inspection: the metadata file is necessary to understand how the data file is organized.
It provides information on date formats, missing value formats and variable names.

Data import: the data is imported into a matlab table using the command readtable and
various useful options.

Data cleaning: it can be practical to extract the time and rainfall depth into vectors ¢ and
h, rather than keeping them in a table format. Dates are conveniently converted into matlab
timestamps using datetime (this will take some good 20 seconds). Additional useful vectors
can be defined: m and y, with the month number and year of each date (see functions month
and year applied to a date). For the sake of simplicity, missing values (that appear in Matlab
as NaN — not-a-number) are replaced with a zero. To do so, the function isnan is used, which
returns a true (or 1) for every NaN and a false (or 0) otherwise. To learn more about this
type of indexing, go the Matlab guide on moodle and check "Logical Indexing’ and ’datetime’.

Data import and cleaning (Python): Data import and cleaning (Python): In Python it is
convenient to use pandas for data wrangling. To import the data as a DataFrame, you can use
the read_csv function (it doesn’t matter that it’s a .txt file.) You can use the parse_dates
and date_format arguments to automatically parse the ttme column in Python’s datetime
format. The na_values argument helps to automatically detect undefined (NaN) values. You
may also have to specify the field seperator with the sep argument. After importing the
data, it is practical to extract the timestamp and precipitation into vectors ¢ and h, instead of
working with the full table. Additional helper vectors can be defined: m for the month number
and y for the year (using the .dt.month and .dt.year accessors). Also, use pandas.isna to
create a boolean mask of NaN values and replace them with 0.

1. Data file organization: Rainfall depth is called rre150h0 in the data file. What does this
code stand for? How are missing data indicated by MeteoSwiss, and where do you find this
information? When cleaning the data, what is the variable emptyValues used for?

2. Plot with yearly rainfall: Compute the total annual precipitation over each year. Then,
show it in a plot: on the x-axis there should be the years and on the y-axis the total annual
precipitation (in mm).

3. Compute rainfall maxima of a certain duration: if you have a series of hourly rainfall as

h[mm] = {0,2.3,4.0,0,5.6,2.8,6.9,0,3.1,0}

how could you compute the maximum precipitation over 3 hours? The maximum precipitation
of 3 hours is the maximum value over 3 consecutive hours. There are multiple ways to



implement this. One way is to create a moving window of 3 elements. ‘Moving’ windows
means that you take the elements 1:1+2; then 2:2+2, 3:3+2 etc until you reach the length of
the record (which is 10) 10-2:10-2+2. Then, you can compute the sum of the precipitation
values over each moving window and retain the maximum. [You don’t need to include this in
the report|.

Compute rainfall maxima of a certain duration over a year: Let’s extend to a yearly dura-
tion. You first need to select data belonging to one year using again the vector y (created
using the function year). For example, y == 2000 will return a logical vector with true (or
1) on all timestamps belonging to year 2000 and false (or 0) otherwise. The 8784 rainfall
datapoints belonging to year 2000 (which is a leap year, otherwise they would be 8760) are
quickly obtained through logical indexing h(y == 2000). [You don’t need to include this in
the report/.

Extend to multiple years and multiple durations: if you managed to do the previous steps,
you can quickly add external for loops to compute and store the rainfall maximum over each
year of data and for any duration you need (as listed on top, here you want durations D of:
1, 3, 6, 12, 24, 48 hours). It is good to preallocate a matrix to store the maxima, with one
row per year and one column per duration. Call this matrix ’AnnualMax’.

Save your results for the following parts of the assignment: the matrix you produced will be
used in the next parts of the assignment. You can save variables to a matlab file through the
command save. For example, save assignment1_output_partl varl var2 (and you can add
more) saves the variables varl and var2 to the file 'assignment]l output partl.mat’. You
should save the matrix AnnualMax and the durations D.

2 Fit a Gumbel distribution and calculate critical rainfall depths

Specific goal: fit a Gumbel distribution to the precipitation maxima and compute the critical
rainfall corresponding to return periods 7" = 10,40, 100 years.

1.

4.

Rainfall empirical frequency: Load the rainfall maxima computed in Part 1 and compute the
empirical frequency Fj, of the rainfall maxima using the Weibull plotting position formula. If
you want, you can already plot your empirical frequencies Fj, against precipitation depths h.

. Fit the Gumbel distribution: now for each rainfall duration you need to fit the Gumbel dis-

tribution to the empirical frequency. Use the two methods seen in class (method of moments
and Gumbel method) to determine the parameters o and u. Remember the formulas depends
on the mean and the standard deviation of h and Yr).

Compute analytical Gumbel distributions: use the parameters a and w to implement the
Gumbel distribution for each rainfall duration.

Plot: plot the fitted Gumbel distribution against rainfall depth for each duration (use con-
tinuous smooth lines). To obtain a smooth curve you should plot it for a large number of h
values, not just the few h that were measured. On the same plot, add the empirical frequency
of the yearly maxima computed through the Weibull plotting position (use points).

Ty, and h: Use the Weibull plotting position to compute the return periods 7}, associated with
the measured events h. Also, invert the Gumbel distribution and compute the return period
as a function of rainfall depth.



6. Plot: Plot the estimated rainfall depth obtained through the Gumbel distribution against
the return period, for each rainfall duration. Then, add the measured rainfall depths against
the empirical return periods. Again, use points for the empirical frequency and smooth lines
for the Gumbel distribution (to obtain a smooth curve you should plot it for many 7" values,
not just the few 7" that were measured).

7. Include a table: Create a matrix H_Gum with the estimated rainfall depth for return periods
of: 10, 40 and 100 year (rows) and for each duration (columns). Include this matrix as a 3x6
table in your report (no need to do the table in Matlab).

8. Save your results for the following parts of the assignment: Save the matrix H_Gum, the re-
turn periods T and the durations D to a matlab file named ’assignmentl output part2.mat’.
This file needs to be loaded at the beginning of the Assignment part 3.

3 Construction of DDF curves

Specific goal: build DDF curves of the type:
_¢D
= Der

where h is the estimated rainfall depth, D is the event duration and ¢, e, and f are parameters
that need to be estimated for each return period T'.

(1)

1. Parameter calibration: Implement a “brute force” algorithm to calibrate the parameters c, e
and f of the DDF curve for each return period. Look for the best fit in these parameters
ranges:

e ¢=[0,100]
e f=[-1,1]
o c=10,1]

Hint: implement nested loops in order to browse the entire domain of the parameters c, e and
f. At each loop, compute the value of the rainfall depth estimated by the current parameter
combination. Then, compare it to the estimated rainfall depth from the Gumbel distributions
(as obtained from Assignment 1 Part 2). Use the sum of the squared differences between the
computed value and the Gumbel estimate as a measure of the error. You have to browse the
entire domain and retain only the parameter set that provides the smallest error. Start by
exploring just few parameter values (e.g. ¢=(0, 50, 100) until you are sure that your code
1s Tight. Then, explore a larger number of parameter values until you obtain a sum of squared
errors smaller than:

o 25 forT =10 yr
o 60 for T =40 yr
e 120 for T =100 yr
If you can get a smaller sum of squared errors it is even better.

2. Include a Table: present in a table the calibrated parameter values and the error obtained
for each return period.

3. Plot: show the DDF curves for each return period in a single figure. Also include the Gumbel
estimates for each duration. As usual, to obtain smooth DDF curves you should compute them
on a large number of rainfall durations D (much larger than the 6 measured durations).



4 General questions

1.

How could you compute the duration of every rainfall event in your data? The duration
of a rainfall event is defined, for simplicity, as the number of consecutive time steps where
precipitation depth is larger than 0. you don’t need to write an algorithm here, a reply in
words is enough

In this project you used the Gumbel distribution to approximate the empirical data. Do you
think this is a good approximation in this case? How could you evaluate the goodness of this
approximation? What can you do in case the approximation is unsatisfactory?

You want to design a structure at the site where you computed the DDF curves. The structure
needs to resist to critical rainfall events up to 80 mm in 16 hours. Every how many years, on
average, will the structure fail to contain rainfall events of 16 hours? there are multiple ways
to answer this question and this can help you check if your estimate is correct
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