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Abstract: Transporting water to supply livestock is one of the great challenges of the drylands.
Ranchers usually make impoundments, filled by runoff, to access freshwater for cattle supply in
flat rangelands. The aim of this study was to understand rainfall-runoff generation and water
storage temporal dynamics of impoundments in the Dry Chaco rangelands (Argentina). Thus, we
instrumented six impoundments over three consecutive years and analyzed water storage data by
developing a probabilistic model. For all impoundments, the rainfall event size thresholds to generate
runoff presented values between 15 and 33 mm. Once they reached this threshold, the water gain
response slopes presented values between 19 and 99 m3 mm−1. Loss patterns of water storage were
described by exponential or linear functions. The predicted water storage dynamics presented high
accuracy with the observed time series for all impoundments (RMSD between 380 and 1320 m3). The
model only needs daily rainfall and air temperature to be run, making it easy to be used by scientists,
ranchers, or local decision makers. It may be used to explore the hydrological functioning of small
and seasonal water bodies of different sites of the world exposed to drought episodes caused by high
climate variability and/or climate change.

Keywords: atmospheric demand; arid; dams; saturated overland flow; precipitation; water balance; Bayes

1. Introduction

Drylands represent 40% of the global land and sustain a major fraction of extensive
wild and domestic livestock of the world [1–3]. The low rainfall input, usually concentrated
in a few months of the year, is the key driver of the net primary productivity that sustains
domestic livestock production systems (i.e., cattle production in rangelands) [4–7]. Some
rangeland areas exclusively depend on local rainfall inputs as the only option to access
freshwater through rainwater harvesting techniques [8,9]. That means that local rainfall
must provide enough water for both grass production and freshwater for cattle [10,11].
Thus, understanding the relation between rainfall-runoff generation and hydrological
functioning of rural rainwater harvesting systems is critical, especially considering both
the natural high climate variability [7,12] and the climate change trends predicted for
these areas [13,14].
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Since thousands of years ago, local communities of drylands have developed rainwater
harvesting systems to obtain freshwater from the small fraction of the landscape that
generates runoff [15,16]. Although runoff represents less than 5% of annual rainfall in
drylands [6,17,18], it has a key role at collecting freshwater, making cattle production
possible in these areas [19–21]. For example, cattle production in the South American Dry
Chaco rangelands (i.e., Arid Chaco) exclusively relies on rainwater harvesting systems
made by local communities and ranchers. The need for rainwater harvesting systems
is the result of the combination of (i) low rainfall inputs (e.g., ~400 mm y−1), (ii) high
potential evapotranspiration (e.g., ~1500 mm y−1), (iii) absence of permanent surface water
bodies (e.g., lagoons, lakes, or rivers), and (iv) the very deep water tables (e.g., ~100 m
deep). The most widespread rainwater harvesting systems in this region are impoundments
with a typical size of 100 × 50 × 2 m, built by the ranchers with road machinery [22–24].
On average for the ~10 Mha of Dry Chaco rangelands, there is one impoundment every
1230 ha, with hotspots of one impoundment every 300 ha (i.e., Belgrano department, San
Luis province) [25].

In Dry Chaco rangelands, as in other seasonal drylands of the world, rainfall is highly
concentrated in a few months of the year. In this system, the delay in the occurrence
of the first rainfall events of the year or the shortening of the wet season may have a
critical impact on cattle production, as well as on human well-being. In addition, droughts,
defined as years with rainfall input with less than 75% of the historical mean rainfall of a
site, are recurrent in this region [26] and may be exacerbated in a climate change context. To
prevent the lack of water during dry seasons or drought periods, the cities of this region are
supplied by big reservoirs, or dikes, that collect water from the mountains located several
kilometers away [27–29]. However, in rangelands or rural sites, where the water supply is
only guaranteed by the in situ rainwater harvesting systems (i.e., impoundments), extreme
droughts may force ranchers to sell their cattle in a hurry and usually at unfavorable prices.
Even in some extreme cases, ranchers and rural people must abandon the territory because
of water scarcity. Therefore, monitoring water resources in Dry Chaco rangelands is very
necessary to anticipate events of water shortage, and to mitigate the effects of droughts.
For example, it would be useful to be able to predict the water storage of impoundments at
the end of the wet season in order to estimate the probability that the stored water will last
until the beginning of the following wet season.

Despite their relevance to cattle production, there is little scientific evidence of the
hydrological functioning of rainwater harvesting systems. Further, there is no previous
work in the Dry Chaco describing the hydrological functioning of rainwater harvesting
systems, or models to predict their water storage and supply abilities. In this study, we
developed a hydrometeorological data-based temporal model to explore the hydrological
functioning of rainwater harvesting systems of Dry Chaco rangelands. More specifically,
we first characterized the temporal dynamic of water stored into impoundments together
with the atmospheric conditions, then we developed an empirical model with a physical
basis that captured the temporal hydrological functioning of each impoundment at the
daily scale. To do this, we first instrumented six impoundments with water level sensors
and rain gauges during three consecutive years, then we used a Bayesian approach to
develop models able to predict different hydrological scenarios.

2. Materials and Methods
2.1. Study Area

The study area is located in the Arid Chaco (Dry Chaco rangelands) that covers
~10 Mha of the southwest of the Chaco ecoregion, and represents the most arid fraction of
it [30]. Valleys and foothills, within large sedimentary plains of reddish materials that are
sometimes salinized, define a system of arreic basins, with small, intermittent and seasonal
water courses, defined by their low slope and high sediment load [30–32]. Groundwater is
deeper than 60 m in almost the entire region, therefore, it does not exert direct influence
on the vegetation. The vegetation matrix is composed by xerophytic forests of Prosopis
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flexuosa and Aspidosperma quebracho-blanco trees, and Larrea divaricata shrubs, with native
grasslands of Digitaria californica, Trichloris crinita, Aristida mendocina, Setaria cordobensis and
Pappophorum caespitosum dominating the herbaceous stratum [31]. Mean annual rainfall is
~400 mm, concentrated in the spring-summer season [26]. The main economic activity is
the extensive cattle production, based on grazing and foraging the native dry forests. In
the last 30 years, the ~30% of the dry forests have been replaced by subtropical pastures
(mainly Cenchrus ciliaris) through traditional deforestation or roller-chopper techniques, in
order to increase the cattle production [33–35].

Field measurements took place between 1 May 2019 and 2 September 2022 in a
10,000 ha cattle ranch, located in the northwest of the province of San Luis (−33.05◦ S,
−66.81◦ W; Figure 1). This establishment, named San Agustin, has six permanently ac-
tive impoundments (Figure 1). At each impoundment, the water level, rainfall and air
temperature were measured. Impoundments are exclusively filled by surface runoff and
emptied by evaporation, infiltration, and cattle consumption, with the animals directly
entering impoundments to drink water. In general, there is some equidistance between
impoundments related to the cattle’s capacity to move between water sources and grazing
sites. The selection of places where the impoundments are built is usually decided by
ranchers and local rural workers, based on their empirical knowledge. They identify both
the areas of the landscape that generate runoff, called “water avenues” by them, and the
best position in the landscape to minimize sediment loading with incoming water. That is
why most of the impoundments were named after the people who chose the place or built
it. Although the six impoundments were built and managed in a similar way, the number
of measurement sites and their distribution has an adequate representation of the spatial
variability of this region [25].
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Figure 1. Study area and experimental design of measurements. Left: Arid Chaco (orange polygon) 
in the northwest of San Luis province of Argentina. Center: San Agustin establishment (black 
dashed boundary line) where impoundments water level (yellow dots), air temperature (red dots) 
and rainfall (light blue dots) were measured. Some illustrative photos are presented at the bottom 
showing, from the left to the right, a full-filled impoundment, a water level sensor, a temperature 
and atmospheric pressure sensor, and a rain gauge. Right: high-resolution satellite imagery pro-
vided by Bing server, zoomed to each impoundment with the location of the sensors. 

Figure 1. Study area and experimental design of measurements. (Left): Arid Chaco (orange polygon)
in the northwest of San Luis province of Argentina. (Center): San Agustin establishment (black
dashed boundary line) where impoundments water level (yellow dots), air temperature (red dots)
and rainfall (light blue dots) were measured. Some illustrative photos are presented at the bottom
showing, from the left to the right, a full-filled impoundment, a water level sensor, a temperature and
atmospheric pressure sensor, and a rain gauge. (Right): high-resolution satellite imagery provided
by Bing server, zoomed to each impoundment with the location of the sensors.
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2.2. Field Measurements and Data Processing

While water level measurements were made in six impoundments, rainfall was mea-
sured in five locations, because two impoundments were very close to each other. Air
temperature and atmospheric pressure were measured in two impoundments (Figure 1).
All data (water level and meteorological variables) were recorded with transducer sensors
with incorporate dataloggers (ONSET HOBO U20L-04). All measurements (water level,
rainfall, and air temperature) were recorded every 15 min. The 15 min data of water level
and air temperature were averaged to obtain daily data, in order to decrease temporal errors.
Thus, daily data were composed by the mean of 96 values representing a confidence value.
Rainfall was calculated as the differences between consecutive 15 min data, summarized at
each day. Water level sensors were located in the deepest point of the six impoundments.
Rainfall was measured by installing the water-level sensors into cylindrical pipes. We
considered one rainfall event a day, or consecutive days, with data equal or higher than
1 mm. Two additional sensors were located under atmospheric conditions to register air
temperature and atmospheric pressure. Water level values were obtained as the difference
between the inside water sensors and the air-exposed ones in order to compensate for
the atmospheric pressure. Thus, as all data (water level, rainfall, atmospheric pressure,
and air temperature) was obtained with the same sensor model, the experimental error of
measurements was negligible. In addition, all sensors were temporally synchronized, and
data were downloaded every six months using the same notebook.

To convert the daily water column (cm) of impoundments into daily water vol-
ume (m3), we made a bathymetry of each impoundment. To do this, we used high-
resolution PlanetScope imagery (3 m, Dove satellite constellation with PS2.SD and PSB.SD
sensors) provided by Planet (Image© 2019–2022 Planet Labs PBC). At each impoundment,
we chose 7 images exposed to different water level depths (<50 cm, 50–100 cm, 100–150 cm,
150–200 cm, 200–250 cm, 250–300 cm and >300 cm). Then, we drew up the water surface
boundary lines from the images and we assigned a level value to each, to create a digital
elevation model with QGIS complements. Finally, we related imagery water surface data
with water level data provided by in situ water level sensors to convert water depth (cm)
in water volume (m3).

2.3. Water Storage Model Development

We built a model to predict the state (impoundment storage) considering the typical
conditions of Dry Chaco rangelands, or similar dry and flat systems, described in pre-
vious works. More specifically, we assumed that (i) impoundments are filled only from
surface runoff events caused by local rainfall events [10,19,25], (ii) not all rainfall events
generate water gains into impoundments because there is a threshold to activate runoff
processes [22,36,37], (iii) the magnitude of the water gains are proportionally related with
the rainfall event size [38,39], (iv) the water volume loss rate is higher when the stored
volume is greater [10,19–21], and (v) this flow affected by the atmospheric demand [20,21].
Based on these conditions, the following model was proposed:

yi = yi−1e(−λ) − Tiγ + rβ1((ri+ri−1)>τ) (1)

where, yi represents the water storage of the impoundments at time i. The first two terms
estimate the water losses. The first depends on the previous day water storage (yi−1) that
is negatively affected by the exponential of λ. The second is linearly determined with
the daily mean air temperature (Ti) as a proxy of the evaporation flux; the strength of the
relationship is controlled by the γ coefficient. The last term represents the water gain that
was estimated as the product between the rain event size (r) and the water gain response
(β) if condition 1 is met that the rainfall event size exceeds the threshold ((ri + ri−1) > τ),
else (i.e., rainfall event size is lower than runoff generation threshold) the whole term
become 0. In case the event lasted more than one day, the rain event size was considered as
the sum of the present and previous day (ri + ri−1).
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Equation (1) has four unknown parameters: λ, γ, β and τ. In order to estimate them,
we assumed a probabilistic model where Equation (1) represents the mean of a truncated
normal distribution, with a lower bound of 0, and unknown standard deviation. We build
the model using PyMC [40,41], assuming weakly informative half normal priors for all
the parameters. We used ArviZ [42] for the analysis of the Bayesian models. The input
variables in the model were the initial storage (y0, m3), the daily rainfall (ri, mm), and air
temperature (Ti, K) time series. The models were sampled using the Sequential Monte
Carlo sampler from PyMC with four 4 independent chains, each of 3000 particles. The Rhat
(potential scale reduction factor) was lower than 1.01 in all cases. Rank plots also indicated
a good quality of the Sequential Monte Carlo samples.

To validate our model, we performed a posterior predictive check [43–46] by compar-
ing empirical cumulative distribution function of the observed and predicted volumes for
each of the six impoundments. We also computed the root mean square deviation (RMSD)
between observed and predicted volumes.

3. Results
3.1. Temporal Dynamic Patterns

Water storage in impoundments showed a seasonal pattern with maximum values in
February and March (summer wet season) and minimum values in October and November
(winter dry season; Figure 2). The maximum storage period presented a one-month delay
regarding the rainfall peaks. The emptiest period took place at the end of the austral
spring, when the atmospheric demand started rising and the rainfall season did not yet
start (Figure 2). December and January are the most variable months in terms of water
storage. This variability is consequent with the variability in rainfall inputs of these months
between years. We only found four months in which all six impoundments had some water
(from January to April).
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Figure 2. Monthly water storage of impoundments (boxes and whiskers), rainfall (light blue line) and
reference evapotranspiration (ET0), standardized by ASCE Penman–Montieth method (orange line).
Boxes represent the 25th percentile, median, and 75th percentile, the + symbol represents the mean,
and the whiskers represent the 5th and 95th percentiles. Rainfall data correspond to the monthly
mean value of the three years’ data of the rain gauges installed at the field. ET0 data corresponds to
the last 50 years time series of the Terra Climate [47], available in Google Earth engine’s collections,
from the 4638.3 m pixel where the essay is located.

On average, for the three years, the annual mean rainfall was 389 mm, showing a
strong seasonality. A total of 91% of rainfall was concentrated in six months (between
October and March) and 64% in three months (between December and February). The
maximum number of rainfall events registered per year was between 36 and 48. A total of
10% of them presented sizes larger than 24.5 mm, the highest rainfall event being 114.5 mm
depth (Table A1). The three impoundments with greater water gains were Miguel, followed
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by Pedro and Nueva (see below), while the impoundments that were never emptied
throughout the entire period were Nueva, Fabian and BH (Table A1).

3.2. Storage Modeling

The probabilistic model, when applied to the six different datasets (impoundments)
correctly captured their daily variability of water storage. The values of τ threshold (i.e.,
minimum rainfall event size to generate water gains into the impoundment) were similar
for the six impoundments, ranging between 24 and 27 mm for BH, Nueva, Casa, and
Pedro, while Fabian and Miguel had the lowest (15 mm) and the highest (33 mm) values,
respectively (Table 1). The slopes of the linear water gain responses (β) presented large
differences between impoundments. The highest value was found in Miguel (99 m3 mm−1)
and the lowest in BH (19 m3 mm−1) (Table 1). Finally, the decreasing water storage rate
was controlled by an exponential function (as the lower values of λ shows) in Pedro
and Miguel, and by a linear function in the other four impoundments (Casa, BH, Nueva,
Fabian), because of the higher values of λ that make the term yi−1e(−λ) almost negligible.
The γ coefficient, which represents the effect of air temperature, was highest in Fabian
(0.130 m3 K−1), while the rest of the impoundments showed lower mean values of between
0.045 and 0.099 m3 K−1 (Table 1).

Table 1. The impoundment’s model parameters. The values represent the means of the predicted
parameters for each impoundment.

Impoundment
Gain Loss

τ (mm) β (m3 mm−1) γ (m3 K−1) λ

Casa 26 29 0.099 22
BH 24 19 0.045 26

Nueva 26 38 0.087 24
Fabian 15 44 0.130 24
Pedro 27 59 0.079 6

Miguel 33 99 0.089 5

Impoundments showed a positive relation between the rainfall event size threshold
and their response to those events, except for Fabian (Figure 3). Thus, impoundments
with high rainfall event size threshold (τ) can compensate this aspect with high water gain
responses (β). In the case of water loss parameters, the λ values showed two different
situations. On the one hand, in four of the six impoundments, the loss rate was not
affected by the previous day’s storage, but they presented differences in sensitivity to the
air temperature changes. On the other hand, in the rest two of the impoundments, the water
loss was mostly explained by the exponential decline, which depends on the previous day’s
storage. It is worth mentioning that BH has the lowest water loss rate by the combination
of low γ and high λ. Nevertheless, trying to exemplify the different weight of each loss
parameter for a day with mean temperature of 300 K, it expected loss is 39 m3 in Fabian
and 26.7 m3 in Miguel for the air temperature dependent term only, but if we consider the
loss associated with the previous volume, supposing a previous storage of 3300 m3 in both
impoundments, this volume-dependent term increases the daily loss in Miguel by 22 m3,
while in Fabian it is null.

The posterior predictive checking showed high accuracy between the distribution of
the observed and predicted values for the six impoundments (Figure 4). Water storage
was characterized as a function of water volume along the entire dataset. Casa and Pedro
presented some underestimations at low levels of water storage (less than 1000 m3), while
BH and Fabian presented some overestimations at these water storage levels. For water
storage values higher than 1000 m3, all models presented high performance.
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The predicted water storage dynamics presented high accuracy with the observed
time series for all impoundments (Figure 5). In general terms, the maximum and minimum
annual storage were represented by the models, and practically all the observed data were
included in the predicted bands. BH had the highest accuracy (RMSD = 380.03 m3) and the
narrowest band, while Fabian presented the opposite pattern (RMSD = 1320.54 m3). Most
of the underestimations of the predicted mean took place in Nueva and Fabian when they
were emptying in a low storage state due to their high λ. Thus, the emptying process tends
to be mostly linear, instead of exponential, as it occurs in the observed values. Instead,
the storage’s overestimations of the model were associated with large, predicted water
gain responses of small rainfall events, and/or when the impoundments were completely
empty (Figure 5).
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4. Discussion

Understanding rainwater harvesting processes represents a critical issue to enhance
livestock production in drylands. Based on long-term high-quality field data series and on
a biophysical characterization of the system, we developed a physical model able to predict
the hydrological functioning of rainwater harvesting systems of Dry Chaco rangelands
(Table 1, Figure 3). As is known, there is a trade-off between the model fit and its simplicity.
To reach an optimal solution is the great challenge of model development. Our model
reached high accuracy, and, at the same time, it only needs daily rainfall and air temperature
data series to be run. Thus, we consider that it can easily be used by scientists, ranchers, or
local decision-makers of Dry Chaco rangelands, and it is also able to be adapted to other
similar flat and dry rangelands of the world.

Monitoring and modeling time series to predict large water reservoirs and/or rivers
dynamics responses to rainfall events, atmospheric conditions, and landscape alterations
have been already assessed in more humid regions [48–51]. In the case of drylands, two ad-
ditional challenges can be added to make the system more complex, such as the frequency
of stochastic events (e.g., extreme rainfall events or flash floods) and extreme drought
situations that generate the loss of all the water storage (see, for example Figures 4 and 5),
or the temporary absent of flow in rivers. The model developed in this paper presented a
good performance in capturing extreme events, but presented more difficulties to predict
the moment and/or the last of the empty periods. We consider that more research is needed
to go deeper into this second aspect. At the same time, having data from more sites may
improve our knowledge of these systems in different sites in the region, or even in other
regions where impoundments are the main alternative for water supply.

Most of the research applied to drought management focus on big reservoirs [52,53]
or groundwater [54–56] as main sources of water supply. However, despite its great
importance providing water in Dry Chaco rangelands, there is little scientific knowledge
about the hydrological functioning of rainwater harvesting systems and their biophysical
controls. Typically, there is one rainwater harvesting system every 1230 ha, with the cattle-
grazed rangeland collecting only a tiny fraction of the rain falling in their contributory
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areas [25]. Based on a large number of observations and field data, Magliano et al. [10]
proposed an ecohydrological framework to explain surface water circulation in Dry Chaco
rangelands. Although this framework was proposed in theoretical terms, our models
provide an opportunity to test these concepts. This will allow scientists to think about
the relationship between watershed characteristics and model parameter values (Table 1,
Figure 3), or whether those values might be changed by cattle management. Furthermore,
these models can test general hypotheses about the impacts of climate variability (e.g., a
string of dry years) or changes in the structure of rainfall (e.g., less frequent but highly
intense events [57]) on the hydrological functioning of rainwater harvesting systems.

Rainwater harvesting has been proposed as one of the few alternatives to solve the
problem of water access and food production in drylands of the world in the last two
decades [10,16,58–60]. Some authors highlight three main advantages of rainwater harvest-
ing: (i) people solve water access locally, (ii) it is a very versatile and adaptable technology
especially for low-income regions, and (iii) it is part of the cultural identity and traditions
of the peoples who have practiced it since ancient times [15,16,61]. However, to solve large-
scale water access problems, countries or states opt for other alternatives, such as laying
aqueducts, pumping groundwater tables, or seawater desalination [28,62–64]. Although
these alternatives have managed to give access to water to millions of people in the world,
their development and maintenance costs are very high. Based on several experiences
from different parts of the world [15,61,65,66], we believe that rainwater harvesting should
be a complementary alternative to provide water to people. For this, it is necessary to
develop models, such as those presented here, that allow us to make hydrological and
economic predictions or provide critical information about rainwater harvesting systems of
the world.

5. Conclusions

The main conclusions we obtained were:

1. Water stored in impoundments followed the seasonal dynamic of rainfall, present-
ing more water in the wet summer season and slowly decreasing during the dry
winter season;

2. A range of rainfall thresholds of 15–33 mm were found to initiate the runoff genera-
tion process;

3. Once these thresholds were reached, impoundment water gains presented linear
slopes of 19–99 m3 of water gain per mm of rainfall;

4. The previous day’s storage did not affect the water loss rate in four of the six impound-
ments, suggesting that evaporation plays an important role in the emptying process;

5. The developed Bayesian model has good performance and only need daily tempera-
ture and rainfall data to be run; thus, it can be useful to predict the impoundments
water availability according to different rainfall scenarios, test the effects of wet-dry
cycles, or evaluate the impact of global change predictions in different sites. How-
ever, it is worth mentioning that our models overestimated the number of empty
days in some impoundments. It will be important to go deeper into this point in
future research.

6. Although the number of impoundments analyzed in this study may be limited, the
model and methodology developed here are able to be replicated and/or scaled to
other regions.
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Appendix A

Table A1. Descriptive statistics from the rain gauges and impoundments along the three years’ time
series. Years (first column) are represented considering the hydrological year values (from July to
June) and the yearly mean of the three consecutive years for each site, for each metric. Precipitation is
represented by the total annual amount and its relative contribution between October and March, and
between December and February. Number of events was calculated considering daily incomes in the
rain gauges associated to each impoundment and/or incomes registered in the impoundment and its
relative contribution between October and March, and between December and February. Event size
was represented by the mean, the 50th and 90th percentiles, and the maximum event that took place
on year. Max days dry represents the maximum number of consecutive days without rainfall events.
Impoundments is represented by the empty days, as the number of days that each impoundment has
no water, and the impoundment gains, as the sum of all the incomes registered in a year. The last row
represents the general characterization of all the sites, as the means of all the yearly values of all the
sites together, for each metric.

Years

Precipitation Number of Events Event Size (mm) Max
Days
Dry

Impoundments

Total
(mm)

Oct.–
Mar.

Dec.–
Feb. Total Oct.–

Mar.
Dec.–
Feb. Mean P50 P90 Max Empty

Days
Gain
(m3)

BH

1 352 80% 50% 36 72% 50% 10 5 26 56 52 0 4354
2 516 90% 66% 44 66% 41% 12 5 31 115 35 0 6053
3 333 89% 55% 42 69% 36% 8 2 20 45 36 0 3314

Mean 401 86% 57% 41 69% 42% 10 4 26 72 41 0 4574

C
as

a

1 299 91% 66% 35 77% 46% 9 6 19 27 70 27 3641
2 517 93% 68% 40 83% 43% 13 7 32 101 46 113 12,688
3 376 93% 59% 39 77% 41% 10 2 24 66 73 28 4394

Mean 397 93% 64% 38 79% 43% 10 5 25 65 63 56 6908

Fa
bi

an

1 344 91% 71% 31 81% 42% 11 8 24 43 86 0 7179
2 491 93% 69% 43 70% 35% 11 3 27 94 35 0 16,817
3 373 94% 68% 40 75% 40% 9 3 22 66 49 0 5454

Mean 403 93% 70% 38 75% 39% 11 5 24 68 57 0 9817

M
ig

ue
l 1 345 91% 66% 33 79% 45% 10 6 27 55 86 0 12,325

2 469 92% 60% 44 73% 39% 11 4 30 75 34 10 22,576
3 289 93% 68% 46 78% 41% 6 3 14 50 30 84 10,425

Mean 368 92% 65% 41 77% 42% 9 4 24 60 50 31 15,109

N
ue

va

1 308 91% 57% 28 82% 46% 11 6 23 48 85 0 6702
2 508 92% 64% 43 70% 37% 12 5 32 115 45 0 14,277
3 376 93% 69% 42 76% 43% 9 2 20 66 59 0 10,049

Mean 397 92% 63% 38 76% 42% 11 5 25 76 63 0 10,343

Pe
dr

o

1 345 91% 66% 34 79% 47% 10 6 26 55 86 97 10,143
2 469 92% 60% 44 75% 39% 11 4 30 75 35 0 17,271
3 287 94% 68% 48 75% 38% 6 2 14 50 30 0 5178

Mean 367 92% 65% 42 76% 41% 9 4 24 60 50 32 10,864

General 389 91% 64% 40 75% 42% 10 5 24 67 54 20 9602

https://github.com/Grupo-de-modelado-probabilista/water_storage
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