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Hydrological models are commonly used to forecast streamflow and for climate change impact studies. There is a wide
range of hydrology models using lumped conceptual approaches all the way to more physically based distributed
algorithms. Most of these models come with a steep learning curve before they can be used efficiently by the end user, and
they can be tricky to calibrate appropriately. Only a small number of hydrology models can be considered easy to set up and
use, and even fewer provide their source code for easy modification to be tailored to individual needs. These drawbacks
make it difficult to use these models in educational applications. The goal of this paper is to introduce a very simple, yet
efficient, lumped-conceptual hydrological model designed to address the above problems. The MATLAB-based HMETS
hydrological model is simple and can be easily and quickly set up on a new watershed, including automatic calibration
using state of the art optimization algorithms. Despite its simplicity, the model has proved to perform well against two
other lumped-conceptual hydrological models over 320 watersheds. HMETS obtained a median Nash-Sutcliffe Efficiency
of 0.72 in validation, compared to 0.64 for MOHYSE (similar structure) and 0.77 for HSAMI (more complex structure).
The model’s source code is freely available and includes an optional simplified user interface. A climate change impacts
simulation tool using the constant scaling downscaling method is also incorporated to the interface. HMETS has been
tested in the Construction Engineering Final-Year Project for a group of 60 undergraduate students.
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1. Introduction

Rainfall-runoff models have been widely used to
predict streamflow for a long time and are used in
many applications like streamflow forecasting, agri-
culture, risk management, flood control and reser-
voir operations. With the easy access to computers,
a broad variety of hydrological models with varying
degrees of complexity were developed over the past
40 years and used all over the world [1]. However,
there are drawbacks to the use of many of these
models, especially in an education context. The first
problem is that the source code of most models has
not been made available to the public, thus limiting
the ability to tweak the model to local particula-
rities. Another problem is that most models can be
complicated to use, even if their structure is rela-
tively simple. It may take months and even years to
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master the most complex models. Unfortunately,
this is a serious drawback for educational applica-
tions. For instance, more complex models such as
HEC-HMS, while free, are not easily adjustable,
whereas other such as HBV [2] requires coding
capabilities that not all students possess.

The main goal of the proposed model is to
provide students, engineers, researchers, and water
resources systems operators with a tool that pro-
vides good modelling performance in a very simple
open-source package that can easily be mastered
and modified. To reach this goal, it should be
possible for an experienced hydrologist to set up
and calibrate the model over a new watershed in half
aday or less. Students, if correctly guided, can be up
and running within a day as our experiment
(detailed in Section 5) showed. The equations simu-
lating the water cycle main processes have to be
simplified enough so the user can understand the
model structure with minimal effort. Despite the
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simple structure, the model also needs to provide
good streamflow simulation. For streamflow pre-
diction at watershed outlets, lumped models have
been shown to be just as good as their more complex
distributed counterparts in several inter-compari-
son studies [3, 4]. Accordingly, a lumped conceptual
modelling approach was used to develop HMETS.
HMETS was given a graphical interface to guide the
users throughout the model setup and automatic
calibration process. With the ever-increasing need
to perform climate change impact studies [5-7] a
routine serving this purpose was developed in the
code and interface.

HMETS has also been tested among a group of
60 undergraduate students in their Construction
Engineering Final-Year Projects (FYP). The goal
of this paper is to show that HMETS has achieved
its previously described goals and that it is ready to
be used to teach hydrological modelling to civil
engineering students.

2. Material and methods

The Hydrological Model of Ecole de technologie
supérieure (HMETYS) is a lumped-conceptual model
using two connected reservoirs for the vadose and
saturated zones. The model simulates the basic
hydrological processes of evapotranspiration, infil-

Precipitation

o (Rain + Snow)
Evapotranspiration

I ,

tration, snow accumulation, melting and refreezing
processes as well as the flow routing to the
watershed outlet as illustrated in Fig. 1.

2.1 Input data

HMETS only requires precipitation (liquid and
solid) as well as minimum and maximum tempera-
tures, all at the daily time step. Precipitation and
temperature data must be averaged at the watershed
scale. Daily observed streamflow must also be
provided for model calibration.

2.2 Model parameters

HMETS has up to 21 parameters that can be
optimized during calibration, which is detailed in
Table 1. Several of these parameters can be fixed if a
more parsimonious, less sensitive to equifinality
model is needed.

2.3 Snow accumulation and snowmelt model

The snowmelt model is based on the work of
Vehvildinen [8]. It is a degree-day model that
allows for melting and refreezing process within
the snowpack. Ten parameters are used to describe
the snowmelt and snow accumulation processes.
The model works in three steps: the overnight
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Fig. 1. HMETS representation of hydrological processes.
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Table 1. List of the HMETS model’s 21 parameters

Snowmelt model parameters (10 parameters):

ddf,;, Minimum degree-day-factor in mm/°C/day

ddf s - Maximum degree-day-factor in mm/°C/day (ddf,y.i, + ddfpius = ddfpax)
T : Base melting temperature in °C

K., : Empirical parameter for the calculation of the degree-day-factor in mm™
femin: Minimum fraction for the snowpack water retention capacity

1

JCpis: Maximum fraction of the snowpack water retention capacity (f¢,in + fCpius = fCmax)
1

Cm - Parameter for the calculation of water retention capacity in mm-~
Ts: Base refreezing temperature in °C

K, : Degree-day factor for refreezing in mm/°C/day

Fe: Empirical exponent for the freezing equation

Real evapotranspiration (1 parameter):
ET,4: Fraction of the potential evapotranspiration

Subsurface (6 parameters):

¢,: Fraction of the water for surface and delayed runoff
¢, - Fraction of the water for groundwater recharge

¢,: Fraction of the water for hypodermic flow

¢, : Fraction of the water for groundwater flow

LV,,a: Maximum level of the vadose zone in mm

LP,,..: Maximum level of the phreatic zone in mm

Unit hydrograph parameters (4 parameters):

«1: Shape parameter « for the gamma distribution used on the surface unit hydrograph
(1: Rate parameter [ for the gamma distribution used on the surface unit hydrograph
a,: Shape parameter « for the gamma distribution used on the delayed unit hydrograph
B,: Rate parameter (3 for the gamma distribution used on the delayed unit hydrograph

refreezing process, snowmelt and snowpack water
retention capacity.

The overnight refreezing process is based on three
parameters: Ky, Tjrand Fe. Freezing of liquid water
in the snowpack will only be effective if the mean
diurnal temperature 7 (equation (1)) is below the
freezing temperature threshold 7. In this case, the
potential amount of overnight refreezing (POR) is
given by the equation (2). The actual amount of
refreezing cannot exceed the amount of liquid water
present in the snowpack.

Tdt = (Tmean ¢+ Tmin t)/z (1)
POR; = Ky(Tyy — Ta)™ (2)

For the snowmelt, the model uses a variable degree
day factor that depends on cumulative snowmelt
(CSM). This is done to simulate the impact of the
aging of the snowpack and its drop in surface
albedo. The actual degree day factor ddf will vary
between a minimum value ddf,,;, all the way to a
maximal potential value ddf,,.. as a function of
cumulative snowmelt. This is computed as:

ddf; = ddfin - (1 + Koy - CSM,) (3)

The state variable CSM is the cumulative amount of
snowmelt in mm. The potential daily snowmelt
(PSM) is then calculated as follows:

PSM[ = l’l'laX(O7 ddﬁ . (Tmean t Tbm)) (4)

Snowmelt will only occur if the mean temperature is
above ddf.

The snowpack water retention capacity varies
from a maximum to a minimum as a function of
the snowpack aging represented by cumulative
snowmelt. The water retention fraction (WRF) is
calculated as follows:

WRF[ = max(fbmimfbmax . (1 - Ccum . CSMI))
(5)

The water in the snowpack is supplied from snow-
melt and liquid precipitation. If the amount of water
in the snowpack is higher than the water retention of
the snowpack, the remaining is added to the water
available for runoff (WAR).

2.4 Potential and real evapotranspiration

The routine that calculates potential evapotran-
spiration follows the work of Oudin et al. [9].
From their analysis, they suggested the following
formulation:

. Rad (T +5)
8T +5) >0, PET =24 U +2)
if(T+3)>0, N 100

otherwise, PET =0 (6)

Where PET is the potential evapotranspiration
in mm/day, Rad is the extraterrestrial radiation in
MJ/m?*day, X is the latent heat flux (equal to
2.26 MJ/kg) and p is the average water density
(1000 kg/m?). To get the averaged potential evapo-
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transpiration, the temperature (7) is entered as the
daily mean temperature.

The extraterrestrial radiation depends only on the
day and latitude. It makes use of the routines from
the Woods Hole Science Center [10] “Air_Sea”
toolbox.

The real evapotranspiration (RET) is then com-
puted as a function of potential evapotranspiration
(PET) using a single free parameter:

RET, = ET,; - PET, (7)

Water returning to the atmosphere as evapotran-
spiration is taken from the vadose zone if there is not
enough water from the runoff component.

2.5 Vertical water balance

The vertical water balance takes into consideration
all the exchanges made between the surface, vadose
and saturated zones.

First, a fraction of the water available for runoff
(c,) will be directed to surface runoff (H, ;) depend-
ing on the vadose zone reservoir water level (LV):

LV,_

The amount of water that will infiltrate the vadose
zone reservoir (/) depends of the remaining water
available for runoff once the real evapotranspira-
tion has been computed and taken out:

I, = WAR, — H,) — RET, 9)

If there is not enough water available for runoff, the
remainder of the real evapotranspiration is taken
from the vadose zone and there is no infiltration for
this given time step. Evapotranspiration from the
vadose is limited by the amount of water present in
the reservoir. A portion of the infiltration which
depends on the vadose reservoir level is sent to the
delayed runoff component (H,,). The vadose zone
also provides the water for the hypodermic flow
component (H,;). Finally, there will be some
exchange from the vadose zone to the saturated
zone (GR,). These processes are calculated as fol-
lows:

Lv,1>2

H,=c¢-1 10

2 ’(LVmax (10)
His=c, LV, (11)
GR[ = C,/p : LVI71 (12)

Subsequently, the water level in the vadose zone is
updated following equation (13). If the vadose zone
reservoir fills up, the overflow will be added to the

delayed runoff component as shown in equation
(14).

LV,=LV,1+1,—RET,— H,»— H;5 — GR,
(13)
Ht,z = HLZ + LVt - LVmax (14)

The saturated zone is represented by a linear reser-
voir releasing groundwater flow (H,,). Mass bal-
ance for the linear reservoir is computed with
equations (15) to (17). If the reservoir level exceeds
its maximum, the exceeding part is also sent to the
delayed runoff component.

H[74 :Cp'LP[_] (15)
LP, =LP, +q:—Hy (16)
Ht.Z - Hl,2 + LP[ - LPmax (17)

2.6 Horizontal transport

Outlet streamflow is calculated based on the four
components of the horizontal transfer. For surface
and delayed runoff, two unit hydrographs (UH) are
used to transfer water at the outlet. The unit
hydrograph shapes are based on a two-parameter
gamma distribution density function (gampdf) with
shape parameter « and rate parameter 5 with x in
days.

ﬂa a— —Bx
gampdf = o) x*exp

(18)

Both unit hydrographs are then computed and
converted to m*/s/mm as follows:

UH = gampdf - 0.001 - A - 100000/(3600 - 24)
(19)

Where A is the watershed area in km?. The stream-
flow for the surface runoff (H, ;) and the delayed
runoff (H, ) are then computed using their respec-
tive unit hydrograph following:

Qi => UH;-H iy (20)

i=1

Where #n is the length (in days) of the unit hydro-
graph. The hypodermic flow (H, ;) and the base flow
(H, 4), components are converted from mm to m*/s:

0, = H,-0.001 - 4-100000/(3600 -24)  (21)

Finally, modelled streamflow is computed by sum-
ming up all four horizontal flow components
together:
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4
Omi=>_ O (22)
i=1

3. HMETS source code and graphical user
interface

The entire HMETS MATLAB main file uses a mere
150 lines of code. Mastering the model is relatively
easy, as is any modification to its main components
(e.g. switching the snowmelt model). There are
additional files for pre-processing inputs, calibra-
tion and post-processing outputs, but all of the
hydrological components fit within the main file.
Inputs to the model are provided via a Microsoft
Excel spreadsheet available with the model. There
are three main functions to the interface: (1) calibra-
tion and validation of a watershed, (2) simulation of
streamflow using a chosen parameter set and (3)
climate change simulation. A user’s guide is avail-
able to help the user throughout the process.

3.1 Calibration and validation

Automatic calibration of the model parameters can
be made using one of the two optimization methods
available through the source code or within the
interface. The choice of optimization algorithm
was based on the work of Arsenault et al. [11]. In
their study of 10 different optimization methods, the
Dynamically dimensioned search (DDS) algorithm
[12] was among the very best for HMETS, while
providing the fastest convergence time. The Shuffled
Complex Evolution—University of Arizona (SCE-
UA) [13] was also added because this method has
been a widely-used method in hydrological model
calibration over the past 20 years. Default para-
meters and number of evaluations for all methods
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are pre-established, but can easily be modified if
necessary.

Five different objective functions are available:
the Nash-Sutcliffe efficiency criteria (NSE) [14], the
normalized root-mean-square-error (NRMSE), the
natural logarithm of the NSE, the natural logarithm
of the NRMSE and the bias. Additional objective
functions can easily be added to the code.

The interface offers the traditional split-sample
calibration/validation method. Various graphs
representing streamflow, meteorological data and
internal variables (e.g.: evapotranspiration and
snow cover) can easily be plotted. Fig. 2 shows
typical graphs from the interface.

3.2 Simulation of streamflow

A simulation of streamflow can be performed on a
given watershed by using any existing parameter set,
either obtained through calibration or based on user
experience. Students can use this feature to perform
sensitivity analyses of the parameters and determine
which ones generate the most uncertainty. This
proved to be a valuable tool during the Construc-
tion Engineering final-year project as discussed in
section 5.

3.3 Climate change tool

A climate change impact study module is also
provided with the code. It is based on the simple
constant scaling downscaling method [15], also
called the “delta change” method. It is a simple
method that only requires monthly perturbation
values (AT and AP/P) between the future and
reference period climates. Perturbation values are
easily obtained from climate model outputs and
data centers. This method has been used in dozens
of studies [6, 16, 17].

Snowpack evolution
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Fig. 2. Typical graphs provided by the graphical interface.
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4. Evaluation of HMETS performance

Before handing the model to students, the HMETS
model’s performance was compared against that of
two other lumped-conceptual hydrological models
of different complexities with all having the ability
to simulate the evolution of a snow cover. The two
models are MOHYSE and HSAMI.

MOHYSE is a ten-parameter model that was
developed [18] for teaching hydrological modelling
to earth systems science graduate students. HSAMI
is a 23-parameter model which has been used for
nearly 30 years by Hydro-Québec for the daily
forecasting of streamflow over 100 Quebec water-
sheds. Since HSAMI is Hydro-Québec’s key inflow
forecasting model, its performance has been thor-
oughly evaluated against that of much more com-
plex and distributed models, and was consistently
found to be the top performer on average. More
details about the model and its use in climate change
impact studies can be found in a number of studies
[6,7,9, 19, 20].

In order to quantify their relative performance,
all three models were calibrated 30 times on 320
watersheds of the Model Parameters Estimation
Experiment (MOPEX) database [21]. These water-
sheds cover many climate zones over most of the
continental United States. The models were cali-
brated using the Nash-Sutcliffe efficiency (NSE) on
the first 10-year period and validated on the follow-
ing 10 years. The DDS optimization method with
10 000 model evaluations was used to perform the
calibration of all models. The NSE is calculated
with the equation (23) where Q, is the observed
streamflow and Q,,, the modelled streamflow.

T P RY)

The NSE criteria can range from —oco to 1 with 1
being a perfect match between both the observed
and simulated streamflow, with O corresponding to
an estimator as good as the mean of observed data.
Results obtained with the NSE in calibration and
validation are shown in Table 2.

In order to find out which lumped model per-
forms the best, a two-way layout Friedman non-
parametric test was computed. This test allowed
determining if the differences between the hydro-
logical models performance are statistically signifi-
cant or not.

Figure 3 presents the results of the inter-compar-
ison study. On the left-hand side panels of Fig. 3, a
comparison of the NSE performance of each hydro-
logical model over the calibration and validation
periods is presented using the median of the 30
calibrations. In other words, a single NSE value

(the median) was used for each of the 320 water-
sheds to construct the box plots. The results
obtained with a multiple comparison test are
shown on the right-hand side panels. The distribu-
tion of HMETS performance is illustrated with the
dashed line (95% confidence level). The difference in
the NSE scores between models is not statistically
significant when the confidence intervals overlap. In
this case, the difference in performance is significant
for all models.

Results suggest that HMETS performance was
significantly better than MOHYSE, despite being
very comparable in terms of complexity, or lack of.
Also, the median value of NSE of the 320 water-
sheds was 0.72 for HMETS over the validation
period and 0.64 for MOHYSE. Hydro-Quebec’s
HSAMI model performed better than HMETS
with a median value of NSE in validation of 0.77.
This is not surprising since it is a much more
complex model with a long history of improve-
ments. Altogether, the inter-comparison study
showed that HMETS performs significantly better
than a model of similar complexity, while getting
93% of the performance of a much more complex
model that has been used operationally for nearly 30
years.

It is important to restate that HMETS does not
aim to be the best model, but to be the easiest to
learn to use, to apply and to learn from on study
cases for engineering students. [tis not expected that
HMETS will replace any operational model but it
could provide a very good option for a preliminary
design when quick results are needed or to test the
impact of changing algorithms within a hydrologi-
cal model. For example, different snowmelt mod-
ules could easily be implemented within HMETS,
something that would be quite difficult to do with
most models. Also, HMETS could easily be added

Table 2. Results of the NSE for the calibration period and
validation period on the 320 selected watersheds of the
MOPEX database.

Calibration

HMETS HSAMI MOHYSE
Median 0.78 0.82 0.67
Mean 0.74 0.80 0.66
Variance 0.03 0.01 0.01
% <0.7 23.13% 9.69% 61.88%
%<0.5 3.13% 0.32% 8.75%
Validation

HMETS HSAMI MOHYSE
Median 0.72 0.76 0.64
Mean 0.71 0.75 0.63
Variance 0.01 0.01 0.01
% < 0.7 42.81% 23.75% 75.00%
%<0.5 3.44% 0.32% 13.75%
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Fig. 3. Box plots (left) and multiple comparison test (right) on the NSE median values for the
calibration period (top) and validation period (bottom) on 320 selected watersheds of the MOPEX
database. To facilitate comprehension, the abscissa values of the multiple comparison tests were
removed because they represent NSE score ranks and provide no useful information. The test results
that the intermodal differences in efficiency are all statistically significant.

to a multi-model ensemble streamflow prediction
system (ESP) with minimal work. Keeping the
above in mind, HMETS is the result of aiming for
an optimal performance to complexity ratio in
hydrological modelling while maintaining the sim-
plest graphical interface possible.

5. Application during the final-year project
in construction engineering

The HMETS model was used in the final-year
project (FYP) of a group of undergraduate students
in Construction Engineering at the Ecole de tech-
nologie supérieure (ETS) in Montreal (Canada).
This section describes the context in which
HMETS was used as an instrumental tool in devel-
oping modelling expertise and capabilities for future
engineers.

5.1 General description and objectives of the final-
year project

Since the year 2010, FYPs in Construction Engi-
neering at ETS are team projects that integrate
multiple fields of engineering and simulate the
engineer’s future practice. Each FYP extends over
an entire semester and is coordinated and super-
vised by a group of professors who define the
project. Participating students are grouped into
teams, each of which has to include one “specialist”
per field that is covered by the FYP. Every team acts
as a contracting firm and professors may alternately
act as technical supervisors (“bosses”) or clients.
In the fall 2014 semester, a group of 60 under-
graduate students took part in a design-build pro-
ject that involved planning and designing the
demolition of an existing road bridge crossing the

Des Anglais River (in Quebec, Canada) and the
construction of a new bridge. The project also
included the construction of approach fills, the
reconstruction and rehabilitation of adjacent road-
ways and their connection to existing roadways.
The entire planning and design processes had to
comply with applicable standards and state of the
art. Five different fields of construction engineering
were involved in that project: hydraulics and
hydrology, bridge structure engineering, project
management, road engineering as well as geotech-
nical and foundation engineering. Participating
students were therefore grouped into 12 teams of 5
members (one expert per field in each team).

5.2 Hydraulics and hydrology in the final-year
project and the use of HMETS

The drainage area of the river basin under study at
the construction site is greater than 25 square kilo-
meters and the road supported by the bridge is a
national class road. Therefore, according to Trans-
ports Québec [22] a 50-year return period flood
discharge had to be taken into account in the
bridge design process. The project description that
was provided to the students included an additional
constraint that they had to fulfill: a three meters
minimum height had to be left between the water
level reached by the design flood and the bridge
superstructure, for river ice jam considerations. As
specified in Transports Québec [23], the bridge
design process also had to take into account the
flood potential from the river obstruction (number
of piers, pier dimensions). Twelve (12) students (one
per team) worked on this part of the FYP.

Three main objectives were pursued through the
students’ work:
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e Conceive the solution approach to ultimately
obtain the design water level: identify the required
data; define the entire chain of engineering tools
(which include standards, guides, and computer-
ized tools, for instance) to be used.

e Cope with the use of a new engineering tool (in the
present case the HMETS hydrological model), as
they will most likely be faced with this type of
challenge in their careers as engineers.

e Acknowledge the different sources of uncertainty
involved in the computation of the design water
level.

The data that were initially provided to the
students were a 2l-year daily streamflow time
series for the Des Anglais river basin at the bridge
construction site (1978-1998), as well as 44 years of
daily precipitation and minimum and maximum
temperature data (1968-2010) (spatial average
over the entire river basin).

The solution approach that allows the computa-
tion of the design water level is shown in Fig. 4. The
left chain identifies the engineering tools while the
right chain is the modelling chain (models, input
data and output data). Once the students had
reached the point where they needed to select a
hydrological model, HMETS was recommended.

5.3 Hydrological modelling with HMETS
The HMETS model was used in this FYP to extend

the maximum annual discharge time series from 21
to 44 years through simulation and hence obtain a
larger sample of values before proceeding to the
frequency analysis step (Fig. 4). The river basin
characteristics that are required to run HMETS
are the area of the basin and the coordinates of its
centroid. This information was not initially pro-
vided to the students so they either had to generate
it/find it or come to their technical supervisor to
obtain it. The study basin area is 658 square kilo-
meters, and the latitude and longitude of its centroid
are respectively 45.08°N and 73.72°W. As shown in
Fig. 4, the HMETS model was first calibrated using
the available hydrometric and meteorological
observations for the 1978-1998 time period. At
this point, the hydraulics and hydrology specialists
had to question themselves as to how they should
proceed: (1) use a classical type of approach and
split the available data into a calibration period and
a validation period, or (2) use the entire period to
calibrate the model and let it “learn” from the
longest available data. They all opted for the
second alternative considering that a single value
per year (the maximum annual discharge) is then
extracted from the simulation step before going to
the frequency analysis step (Fig. 4). Among the
objective functions available in HMETS, the NSE
option was generally selected by the students since it
assigns greater weight to the higher streamflow
values (which include the maximum annual stream-

Streamflow time series (1978-1998)

Transports Québec

(2005, 2012) l

Meteorological timme series (1968-2010)
River basin characteristics

HMETS l

Simulation

A 4 Hydrological modelling
Calibration

A 4 \ 4

Maximum annual discharge time series

Frequency analysis

A\ 4

Frequency analysis:
tool Test different statistical models

~

A 4 \ 4

Design flood
River reach characteristics

Hydraulic
modelling tool

> Hydraulic modelling

~

A

J Bridge superstructure elevation
Bridge piers design

DESIGN WATER LEVEL

Fig. 4. Solution approach for the computation of the design water level. Left chain: engineering tools. Right chain:
modelling process. Input/output data are indicated at the beginning and end, and in between the steps of the
modelling chain. For the hydraulic modelling step, an interaction with bridge engineering was required.
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flow). Most of teams (8/12) naturally ran multiple
calibrations and realized this modified the hydro-
logical modelling results, and acknowledged the
impact of the different calibrations on the differ-
ences between the observed and simulated stream-
flow. Following the calibration, it was expected
from the students to provide a thorough discussion
on their methodology and the results obtained
before performing the frequency analysis.

The students were thus able to learn the basics of
the model, apply a calibration algorithm to mini-
mize an objective function and extract the necessary
data. However, one of the strongest points of the
HMETS model is that it also allowed students to go
beyond the scope of the project. For example, some
groups attempted to determine the impacts of
climate change for given greenhouse gas emissions
scenarios and then estimate the impacts on the water
levels. It served as a powerful lesson to always use all
available information. Students had the precon-
ceived notion that climate change would pose a
greater risk to their bridge. However, they found
that the higher temperatures would delay the snow
accumulation and jump-start the melt, effectively
lowering the peak floods for this particular
watershed. Uncertainty analyses at each step allow
defining a confidence interval around the final
design, which was the main goal behind the
HMETS model.

6. Conclusion

While there is a large number of hydrological
models available to the scientific and user commu-
nity, there is lack of simple yet efficient open-source
models. HMETS aims at filling this gap with a
simple model structure that is easy to master and
modify. HMETS is a simple, yet efficient and
versatile hydrological model for teaching civil engi-
neering students.

In an inter-comparison study, HMETS per-
formed significantly better than MOHYSE, another
lumped-conceptual model, despite a similar level of
complexity. A median NSE value over 320 water-
sheds of 0.72 over the validation period was
obtained for HMETS compared to 0.64 for
MOHYSE. It did not quite perform to the level of
HSAMI (median NSE value of 0.77), the most
complex model used in this study, but its perfor-
mance was close (93%) despite a much simpler
structure.

By providing its source code, it is hoped that
HMETS may be useful to academic applications,
the water resources community and that it evolves
to better fit specific needs of end users. HMETS
demonstrated its potential by having been used
successfully in a Construction Engineering FYP

by a group of 60 undergraduate students. Finally,
a distributed version of the model, having the same
goal of simplicity, is currently under development.

Website URL

The HMETS source code, graphical interface and
user-guide can be found on the MathWorks website
under the User Community/File Exchange tab and
then searching for HMETS.
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