


IMPACT OF CLIMATE CHANGE ON THE HYDROLOGICAL REGIME IN A SMALL WATERSHED OF THE TROPICAL ANDEAN PLATEAU

Darwin Mena-Rentería1 , Carlos Peña-Guzmán2, Ronal Sierra1, Manuel Rodriguez3

1Facultad de Ingeniería Ambiental, Universidad Santo Tomas, Cra 9 # 51-11, Bogotá, Colombia
 4Programa de Ingeniería Ambiental y Sanitaria, Universidad de La Salle, Cra. 2 #No 10-70, Bogotá, Colombia
3École Supérieure D'aménagement Du Territoire et de Développement Régional, Université Laval, Québec, Canada

Abstract

Water availability has become an important major worldwide concern worldwide due to climate change. This study evaluated the impact of climate change on the hydrological regime in of a small watershed in the Tropical Andean watershed Plateau in Colombia. Hydro-BID wasWe used as athe modeling tool Hydro-BID, which is a specialized software that allows, through itswith hydrological and climatic modules that can, the evaluation evaluateof hydrological processes to generate models. This tool has the potential to inform and responses for water resource management and planning in Latin America and the Caribbean. To simulate future hydrologic flows, we selected the MOI-ESM-MR-CORDEX models for precipitation and the MOI-ESM-MR model for temperature were selected. Projections forof precipitation and temperature on a reduced scale were calculated using a method based on chaos theory for three scenarios of representative concentration pathways (RCPs) scenarios, designated 2.6, 4.5, and 8.5, based on global climate models (GCMs) and regional climate models (RCMs). The results show that inof the calibration process showed that, the evaluated hydrological parameters under evaluation are better represented by the model at a monthly scale. In addition, the results of the climate change model showed an estimated increase in the average streamflow of 2.1% to 6% with respectcompared to the a base scenario that represented current conditions (1.22 m3 /s-1), for the different scenarios relative to current conditions. The increase was estimated between 2.1% and 6%with  (for RCP 2.6, 4.5 and 8.5 the flow rates will beof 1.28 m3 /s-1, 1.24 m3 /s-1, and 1.29 m3 /s-1 for RCPs 2.6, 4.5, and 8.5, respectively). This These values, is associated with the a significant increase in precipitation and a decrease in temperature, values are within the expected ranges?/are expected? ations forin the Tropical Andean Plateau watersheds of Colombia. The results obtained in this study are useful for water resource planners and policy makers, mainly inespecially for the management of water supply infrastructure, and the management of flood risks, and loss of agricultural productivity losses in the area.	Comment by Michi Waygood: Do you mean one of these things? It wasn’t clear to me who is expecting this. Or do you just mean that your results suggest that those conditions are likely to occur in those watersheds? 
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1. Introduction 
 
At a global level, tThere is a consensus that climate change will cause changes in variables such as global temperature and precipitation., and Pprojecting theons regarding trends ofin these variables arehave proven to be helpful in for assessing the impact of climate change on the future hydrological regimes, both globally and regionally (Jain and Kumar, 2012). Since The water “criseis” areis expected to increase due to climate change, so estimates of water availability under future climatic conditions must become an integral part of water resources planning, land development, and environmental management (Bhatt and Mall, 2015).	Comment by Mary Thaler: I’ll edit citations to fit the SWAM guidelines, which have no comma
[bookmark: _Hlk169696436]The cConsequences of climate variability in for watersheds are include changes in water availability, changes in and hydrological processes, as well asnd loss of watershed productivity due to floods or droughts, which in turn have an impact on the social and cultural dynamics impacts onof communities. In recent years, the Andean basins have been studied to identify the impacts of climate change dDue to their topographic characteristics, size, and ecological, economic, and social importance for South America, climate change impacts on the Andean basins have been studied in recent years.   For example, Vargas et al. (2013) found the most critical conditions for water availability under RCP 8.5 in Chilean Andean basins. Similarly, Ragettli et al. (2016) found that runoff in a watershed in Chile decreased significantly under different representative concentration pathway (RCP) scenarios. Similarly, Vargas et al. (2013) identified the most critical conditions for water availability under an RCP 8.5 scenario in the Chilean Andean basins. Lavado et al. (2011) simulated the potential effects of climate change in two watersheds in Peru. They found an increased levels of in precipitation in the winter season and a significant decrease in precipitation, ranging from 0 to 20%, in different other seasons of the year. In Ecuador,  Mora et al. (2014), in a watershed in Ecuador, found an increase in the maximum peak flows and a significant decrease in the low flows in a watershed that is essential for agriculture in that region. Montenegro et al. (2022) concluded that in the tropical Andean basin of Ecuador, climate change the impact will be cause an increase in precipitation in all seasons. In Colombia, Munar et al. (2023) found that there will be an increase in precipitation under different climate scenarios. Similarly, Mena et al. (2020) concluded that the greatest reduction in stream flow,there will be a reduction in stream flow between 2.6% and 9.6%, will occur between 2013 and 2040 (period with the greatest reduction in stream flow).	Comment by Mary Thaler: I swapped the order of these two sentences, because it made it easier to provide a definition for the abbreviation RCP, which is used here for the first time in the main text.
[bookmark: _Hlk169686992] In Colombia, water resource management is a high-priority issue due to because a certainportion of the large proportion of the? population is atliving with a high index of water scarcity, and action must be taken to meet the demands of the people (Dominguez et al., 2008). The effects of the El Niño  and La Niña phenomena (referred to jointly as ENSO) in Colombia on the flow rates in Colombia are of great importance,. T since the El Niño phenomenon causes large reductions in flow rates in river basins, sometimes generating water shortages (overof more than 30%), while the La Niña phenomenon generates increases in flow rates of over 60% (Poveda and Mesa 1996; Hoyos et al. 2013; Córdoba-Machado et al. 2015). The La Niña phenomenon caused an increase in precipitation of more than 20% in precipitation during the period 2020 - –2023 period, reaching historic highs al maximums in different multiple cities and municipalities in Colombia .(Manciu et al. 2023; Vega et al. 2024). Meanwhile, the El Niño phenomenon is currently causing droughts and high temperatures that will lead to a water deficit in Colombia’'s energy production and water consumption by 2024.
[bookmark: _Hlk169708793]To assess the impact of climate change on the hydrological regime at the watershed level, projections of water runoff projections were had been made from hydrological models driven by General Circulation Models (GCMs) and/or Regional Climate Models (RCMs) (Tan et al. 2017). GCMs are poorly suited for use as inputs forto water resource impact assessment models because of bias in the representation of the current climate and uncertainties in future projections (Gutmann et al. 2011; Meenu et al. 2013; Dixon et al., 2016; Gebrechorkos et al., 2019; Gutmann et al., 2011; Lutz et al., 2016; Meenu et al., 2013Gebrechorkos et al. 2019). MIt is also important to note that more authors are starting to use/useing different techniques to obtain accurate precipitation data, applying different and more holistic rainfall-runoff models (Mohammadi et al. 2023, 2024).	Comment by Mary Thaler: I have rearranged these citations chronologically and then alphabetically, which seems to be the practice in the rest of the paper	Comment by Michi Waygood: Please use “are starting to use” if you are describing a trend. If you mean that there are more authors that use different data, please choose “use.” 
To Researchers have obtained more detailed information by using, RCMs were used to make climate projections on a regional scale. According to tThe Intergovernmental Panel on Climate Change (IPCC) claims that, the number of regional climate modeling studies worldwide has increased over the last decade (Cabré et al. 2016). In recent years, a large new set of dynamically-reduced- scale climate model simulations for the entire world wereas generated worldwide under the global Coordinated Regional Climate Downscaling Experiment (CORDEX) initiative (Stanzel et al., 2018). The CORDEX project has been used in South America, leading to enormous progress in the quantification of uncertainty in projections of regional climate (Solman 2013).; Hhowever, there is no evidence of itsto our knowledge, it has not been application applied specifically toin Colombia specifically.
HThe implementation of hydrological models is are a robust way to estimate hydrological conditions under different climate change scenarios, and with different studies have using them to assessed the impact of climate change on water availability using such models (Reshmidevi et al. 2018; Shrestha et al. 2018; Puno et al. 2019; Zhang et al. 2019; Gebrechorkos et al. 2019; Bhatta et al. 2019; Puno et al. 2019; Zhang et al. 2019). Hydro-BID, The a modeling tool for Latin America and the Caribbean—Hydro-BID—, was has been used to estimate water resources for the a base period and then to simulate future hydrological changes due to climate change  (Mena et al. 2019, 2020). This software has been applied in different countries of in the region., Hydro-BID was used including in Argentina for to assess climate change impacts and hydrological and water demand analysis  (Moreda et al. 2014b; Wyatt et al. 2014), in Peru for to assessing climate change impacts in on Andean watersheds, and for hydrological analysis, and for sediment analysis in rivers (Moreda and Daussa 2016; Mamani Cosi 2018), (Moreda and Daussa 2016; Mamani Cosi 2018), in Ecuador as a tool forto assessing climate change impacts, and for hydrological analysis, and as a tool for water supply analysis (Moreda and Daussa 2017; Bravo Ortiz 2020; León Olmedo 2020), and in Colombia to determine how climate change alterations altersof flows, and for hydrological analysis, and water supply/demand analysis (Mena et al. 2019, 2020; Leveri et al. 2020).
[bookmark: _Hlk63272138]In Colombia, the Balsillas River watershed is particularly important for agriculture, ecology, and drinking water supply. However, similar toAs for many watersheds in Colombia, it’s essential to determine the current and future impacts caused byof climate change,, because theywhich may cause drastic could drastically alter the social, environmental, and or economic changes dynamics (Sauchyn et al. 2016; Villamizar et al. 2019; Mena et al. 2020). As suchThus, there is an urgent need to propose methodologies decision-making tools applicable tosuitable for developing countries that can be used as decision-making tools for environmental protection and land use planning.
This article combines Hydro-BID software and the CORDEX dataset to assesses the expected impacts of climate change on the hydrological regime of the Balsillas River watershed in Colombia in order to support the development of sustainable adaptation and mitigation measures to mitigate potential impacts in the Balsillas River watershed in Colombia by combining Hydro-BID software and the CORDEX dataset.
 
2. Case studies

2.1. Study Area

The Balsillas River watershed is located within the Department of Cundinamarca in Colombia and is part of the Bogotá River watershed (Fig. 1). The Balsillas River watershedIt occupies an area of 624 km2, with an average elevation of 2730 m.a.s.l (2414 to 3696 m.a.s.l), as see shown in Figure Fig. 2, and has very steep slopes, with gradients between 20 – 45%. The watershed has greatis importantce from an environmental and economic perspectivepoint of view because the river and its tributaries supply water to the Herrera Lagoon, a Special Management District used for crop irrigation and water supply for several municipalities is assured by the river and its tributaries.	Comment by Mary Thaler: Based on other articles in SWAM, “Fig.” is always abbreviated.

Figure 1. Balsillas River basin watershed and hydrological stations	Comment by Mary Thaler: Based on Table 4 it looks as if you have multiple stations, so should this be plural?

Are these “hydrological stations” or “climate stations”? You use both terms in this paper, so please make consistent.

[bookmark: _Hlk169710354][bookmark: _Hlk169711049][bookmark: _Hlk63274040]Historical annual precipitation within the watershed varies between 769.2 and 1031.0 mm, and thewith maximum values ranginge between 953.4 and 1031.0 mm in the northwestern part of the watershed. Precipitation and decreases towards the middle and lower parts of the watershed, where values range between from 769.2 and to 886.4 mm per year. The behavior annual distribution of the precipitation is bimodal, with the lowest values of 650 mm and 710 mm occurring in January and February, with 650 mm and 710 mm, respectively, and again in the months of August and September, with 705.96 mm and 730 mm, respectively. The month with the highest value precipitation is October, with a record high of about approximately 1000 mm. The average temperature is 13 °C, with maximum values in the south of the watershed ranging from 13.46 to 13.7 °C, and it decreasesing to 12.96 to 13.45 °C towards the northwest, to values ranging from 12.96 to 13.45 °C. At elevations between 2600 and 2800 m.a.s.l., tThe temperature within the basin presents temperatures ranging ranges from 13.6 °C to 14 °C at elevations between 2600 and 2800 m.a.s.l., whereas the higher sectors of the basin/watershed? (3000 m.a.s.l. to 3300 m.a.s.l.) present have temperatures below 13 °C. Also, tThe average temperature of the basin watershed presents ais seasonally bimodal behavior, with the lowest values in July, August, and September and the highest values in April and May. Similarly, the average temperature of the basin watershed is bimodal, with the lowest values in July, August and September and the highest in April and May. In general, it can be said that the temperature variations during over the year does not exceed 3 °C.  ForWith regards to the hydrological regime, the River average output flow rate of the river is 1.22 m3 /s-1.  The wWater in from the watershed is used for economic activities related to agriculture (potato and corn crops, greenhouses) and the industrial sector (mining and, milk production industries).	Comment by Mary Thaler: does this mean “lower altitude” or “southerly”?	Comment by Mary Thaler: What you describe here doesn’t sound bimodal. “Bimodal” implies that there are two maxima (or two minima) each year, which is what you describe for precipitation. However, you only describe one temperature maximum (April–May) and one minimum (July–September)

Figure 2. Elevation mMap? of elevation of the Balsillas basin

[bookmark: _Hlk63272710]The main vegetation coverage in the area is primary forest, high Andean Forest, shrubland, and paramo vegetation, as see shown in Fig. 3. With respect to Ssoil typess, they are predominantly characterized by their fine textures, and being are susceptible to water erosion. 


Figure 3. Soil types in the Balsillas basin

2.2. Data source

The observed meteorological data forof precipitation and daily temperatures for the period 1989–2015 period, as well as daily flow data, were obtained from the Institute of Hydrology, Meteorology and Environmental Studies (IDEAM). The historical and future simulated meteorological datasets for the GCMs were obtained from the Centre for Environmental Data Analysis, or (CEDA; (http://data.ceda.ac.uk/badc/cmip5/data/cmip5/output1/), the. This dataset has a  spatial coverage of 207.6 km X by 208.6 km. For the RCMs, data on South America was taken sourced from CORDEX (https://esg-dn1.nsc.liu.se/search/cordex/), which hadwith a spatial coverage of 55.6 km byX 55.6 km. The climate models were used at daily time steps, and the information from 1990 to 2100 including included the historical data and scenarios for RCP 2.6, 4.5, and 8.5, which have been established as a priority within for Colombian government? policiespolicy.	Comment by Mary Thaler: Should this have a citation?

2.3. Hydro-BID modeling tool

Hydro-BID is a simulation tool that comprises consisting of an integrated, and quantitative system that simulates water resource management in the Latin American and the Caribbean (LAC) region. This tool, allows foring the assessment of water quantity and quality, infrastructure needs, strategic design, and adaptation projects in response to the changes generated under different scenarios of change in climate, land use, or demographics under different scenarios (Mena et al. 2019).
Hydro-BID This system contains an Analytical Hydrology Database (AHD) that , which includes more than 230,000 delimited watersheds and rivers throughout LAC. The AHD incorporates data on land use, soil types, precipitation, and temperature within the study area and over the period of interest. Hydro-BID uses a rainfall-runoff model based on a Generalized Wwatershed Lload Ffactor (GWLF) formulation and enhanced by a delay-routing methodology. Using tThe GWLF model, allowed we were able us to generate daily and monthly runoff volumes for each watershed, includingas well as for smaller-scale their simulations at small scales, such as sub-watershed levels (Moreda et al. 2014).
The total flow (Ft) generated by a watershed, (Ft), is the addition sum of runoff (ROot) and groundwater (Gt), it is calculated with by the Eeq.uation (1).

                                                                                                                                 (1)

                                                                                                                   (2)

                                                                                                                  (3)
       
       Rt: Rainfall and snowbreaksnowmelt	Comment by Mary Thaler: I replaced “snowbreak” which I think must be a translation error from Spanish, please confirm.
       Dt: Detention parameter de detención      CN: Curve number assigned according to land use 

The model parameters were curve number (CN), available water content in the soil (AWC), recession coefficient (R), permeability coefficient (seepage), the evapotranspiration (ET) factor for the growing season, ET factor for the dormant season, and percentage of permeable cover. 
The model uses an approach proposed by Haith (1985) to calculate the curve number, in whichwhereby the curve number for a given soil use is modified based on the antecedent soil moisture condition. The model requires the average humidity (CN2), which is assigned by the modeler researcher and then used to estimate CN1 and CN3, which corresponding to the dry and wet conditions, respectively? (Haith and Andre 2000). T; these calculations are shown in Eeq.uations (4) and (5).

                                                                                                     (4)
                                                                                                     (5)

The AHD is parameterized and pre-calibrated by using values from different regional databases. Therefore, the calibration and validation processes are necessary to ensure that the model represents, as accurately as possible, the real conditions as accurately as possible.  The Hydro-BID model system and its components are shown in Fig. 4.


Figure 4. Hydro-BID model system

[bookmark: _Hlk63274800]The calibration process and validation were done conducted through by trial and error, so thatby adjusting the simulated flows were adjusted to the observed field flows. The calibration process is was carried out progressively from the most upstream watershed to the most downstream, relatingwith each watershed’s parameters adjusted according to? those ofe parameters obtained for the watershed immediately preceding upstream from itwatershed. Different metrics, including general volume error, Pearson’s correlation, modified correlation, and the Nash-Sutcliffe efficiency coefficient, were used to evaluate model performance.	Comment by Michi Waygood: Is this what you mean? Please confirm. 
For calibration, the period from 101/01/-January-1992 to 12/31/31-December-2004 was used because it this period included dry and wet seasons,; this ensuringed that it reflected the range of conditions in which the model was expected to operate was reflected. The validation was performed for a later period, from 01/01/-January-2005 to 12/31-December-/2009. All of the data were obtained from the El Bosque station.	Comment by Mary Thaler: I changed the date formats to match what I see in section 3.2. Note that the original format here (MM/DD/YYYY) should be avoided as it is generally only used in the USA.	Comment by Michi Waygood: Does this station appear in a figure somewhere? If so, perhaps refer to that figure in parentheses here. Otherwise, this is the first time this station is being mentioned so perhaps give some more context (e.g., ‘from the station located in the town(?) of El Bosque’) 

2.4. Climate model selection and downscaling

The uncertainty in the selection ofng information sources for to use in hydrological studies is a latentan underlying? problem in when the process of evaluating the impacts of climate change. In this context, thisThis work therefore aims to reduce uncertainty by uses comparing different sources of information on precipitation and temperature which aims to reduce the associated uncertainty. This process is carried out through a comparison between local data in for the period 1989 and 2005 period, including local data and the data for the same period obtained from the various CORDEX and GCM models. This process allowed us to select the best combination of global and /regional data sources that betterto represent the climatic climate conditions at the a watershed scale through a downscaling process. CORDEX was used to provide accessible, small-scale climate information to make maximum use of the domains covering all of Africa, Australia, South America, North America, and Europe, thus covering encompassing most areas of the world. As such, In this way, CORDEX manages to solve the regionalization problems that arise with in other models by providing more accurate information at local and regional levels to better understand the behavior and formulate better measures of climate change and to formulate better measures of it (Duarte et al., 2018; Trzaska and Schnarr, 2014; Duarte et al. 2018).	Comment by Mary Thaler: “latent” is difficult to understand here. Is it a technical term in your field? If not, use “underlying” or “emerging,” whichever is appropriate.	Comment by Michi Waygood: Please confirm
Four global models and two CORDEX experiments were considered in thewhen selection ofng the climate model to be used. The models evaluated were CanESM2, CNMR-MR5, MPI-ESM-MR, and CCSM4., and Tthe CORDEX experiments were CORDEX CanESM2, and CORDEX MPI-ESM-MR. The models are described in Table 1.
[bookmark: _Hlk169688275]Table 1. EvaluatedModels of climate change modelsevaluated	Comment by Mary Thaler: The “Source” column of this table should also contain a citation to the key paper describing each model
	Model
	Description
	Source

	CanESM2
	The Canadian Earth System Model CanESM2 combines tThe Fourth Generation Coupled Global Climate Model and the terrestrial carbon cycle based on the Canadian Terrestrial Ecosystem Model (CTEM), which simulates land-–atmosphere carbon exchange. The CTEM models all primary terrestrial ecosystem processes, including land-use change based on areal changes.
The greenhouse gas concentrations and solar variability are based on CMIP5 recommendations (Chylek et al. 2011). 
	Canadian Centre for Climate Modelling and Analysis

	CNMR-CM5
	CNRM-CM5 is an Earth system model designed to perform climate simulations. It is composed of five models (ARPEGE-–Climate for the atmosphere, NEMO for the ocean, GELATO for sea ice, SURFEX for land, and TRIP to for simulatinge river routing and water discharge from rivers to the ocean) that are designed apart separately and coupled using the OASIS software (Voldoire et al. 2013). 
	Centre National de Recherches Meteorologiques Earth

	MPI-ESM-MR
	The Max Planck Institute for Meteorology Earth System Model consists of the a coupled general circulation models for the atmosphere and ocean (ECHAM6), the and subsystem models for land and vegetation (JSBACH) and for marine biogeochemistry (HAMOCC5). The mixed resolution (MR) version of MPI-ESM (MPI-ESM-MR) has a higher vertical resolution in the atmosphere and a higher horizontal resolution in for the ocean (Giorgetta et al. 2013; Stevens et al. 2013)
	Max Planck Institute for Meteorology

	CCSM4
	The Community Climate System Model (CCSM) is a adjusted to climate model for simulating the Earth’'s climate system. It consists in of four separate models that simultaneously simulate the atmosphere (CAM4 and DATM), ocean (CCSM POP2 and DOCN), land surface (CLM4 and DLND), and sea ice (CICE4 and DICE) (Lawrence et al. 2012).	Comment by Mary Thaler: What does “adjusted to climate” mean? “A model adjusted to current climate conditions”? “An updated model”? You might consider deleting this phrase if it isn’t essential.
	National Science Foundation and  U.S. Department of Energy





C Evaluation and prioritization of the climate models were evaluated and prioritized was based on the comparison of results from retrospective simulations at multiannual, annual, and monthly levels. For both precipitation and temperature, the individual capacity ability of climate models to represent reproduce mean, maximum, minimum, and number of wet/cold and hot/dry days was evaluated,. S and standard deviations and correlation coefficients were used as comparison metrics. 
We applied aA novel statistical downscaling method based on deterministic chaos and synchronization of dynamical systems was applied. Deterministic chaos is a type of behavior discovered by Lorenz (1963) that involves the loss of information through time of the attractor of the dynamic system over time but, while ensuring stability for the prediction of the attractor’'s behavior; this type of behavior was discovered by Lorenz (1963). Systems characterized by One of the properties of deterministic chaotic chaos systems is thehave the property of limited or no predictability or unpredictability of the system’s future evolution of the system, despite the determinism deterministic character of the system.: Tthis property also provides a prominent explanation for irregular behavior and instabilities in dynamical systems, (e.g., a climate system and its related non-linear processes).	Comment by Mary Thaler: A lot of discussion of deterministic chaos in this paragraph and the two that follow is very general, and therefore seems like it should be in the Introduction rather than in this section on Case Studies, which should focus more on specific methodologies.

Since it looks as if this approach was already used in Duarte et al. 2018, you might consider getting rid of most of this description and simply referring the reader to that article for more details.
The downscaling method is based on three steps: phase space reconstruction for different time steps, identification of deterministic chaos, and applications of a general synchronization model. This model evaluates the presence of deterministic chaos for over different intervals of rain accumulation intervals for the time series ( using local station datas and climate model results) of for both rainfall and temperature. 
The analysis of tThe behavior of multiple related dynamical systems has been studied analyzed in the last recent decades (Vrac et al. 2007; Chen et al. 2011; Ekström et al. 2015).  In this sense, tThe concept of synchronization refers to changes in the defined trajectories of two or more related attractors as a result of coupling, allowing for coherent and shared?/consistent? behavior between the coupled systems. This concept has made it possible to understand the mutual influence on the behavior of two or more relatedsuch attractors (unidirectional or bidirectional) on each other’s? behavior (Rulkov et al. 1995). This is, the change in the defined trajectories of the attractors due to coupling, allowing a coherent and common behavior in the coupled systems. In the lastdecades, mMultiple applications of the concept of synchronization can be found in physics and engineering (i.e., electronics and telecommunications). A synchronization model was built thathas been used to fiound the Time Delay, the Embedding Dimension, and the Lyapunov exponents of a system?.	Comment by Mary Thaler: I changed the order of these sentences for a better flow of ideas	Comment by Mary Thaler: Should there be a citation here? 	Comment by Mary Thaler: This sentence is very difficult to understand. It seems to be referring to a specific study of a system, but without a citation, I can’t figure out what it is. Please add more details (including a citation), or consider deleting it if it isn’t essential
Within Among the different types of synchronization, this novel downscaling technique aims to found find a general synchronization between two climatic systems,: Tthe first related with to the GCM results (Driver System) and the second defined by the local climatic measured climate data (Response System). This process is performed, using the methodology of mutual false nearest neighbor (MFNN) methodology (Rulkov et al., 1995; Duarte et al. 2018). According to Duarte et al. (2018), MFNN is a statistical technique based on the calculation of a parameter , that evaluates the local neighborhoods between two time series, such that  takes values of the order of 1 when there is complete general synchronization. Otherwise,  must be a number whose magnitude is comparable to the product of the size of the attractor divided by the product of the distance between the nearest time series (𝑡𝑘 ) 𝑦 𝑦(𝑡𝑘 ). 	Comment by Mary Thaler: You have not described multiple types of synchronization, so the first part of the sentence is unclear. You might consider deleting it and starting with “this novel downscaling technique.”	Comment by Mary Thaler: I can’t tell if this “y” is the Spanish word for “and” or if it is a mathematical symbol. I also think the k’s should probably be subscripts, so this should actually read:

“the time series tk and y(tk)”

Please verify and change accordingly
	Comment by Mary Thaler: This equation should be numbered (Equation 6, I think?)

DondeWhere:
 andy  are points of within the Ddriver and Rresponse Ssystems in at an instantthe time n
 y and  are the closest neighbors of  andy   in their respectivethe Driver and Response Ssystems, respectively, and
 y and  are the points of the opposing system at the time n for  y and .

This technique was has been used successfully in the Bogotá River watershed, of which the Balsillas Rriver watershed is a sub-watershed (Duarte et al., 2018). Using this method, future climate data for precipitation and temperature were generated at thea local level using information at a global scale, both in terms of precipitation and temperature, to evaluate the behavior of the flow until the year 2100 under different climate change scenarios.
The precipitation and temperature projections obtained from downscaling each of the three RCPs were used as inputs forto Hydro-BID to obtain the future flow series for the period 2014–2100 period.

3. Results and discussion

3.1. Hydro-BID calibration and validation

The model was calibrated and validated bybased on the comparingson of the observed flows at the outlet of the watershed with the values predicted by the model. DuringIn the calibration process, the parameters NC, AWC, R, seepage, cultivation station ET factor, latency station ET factor, and percentage of permeable cover were varied until an optimums result was obtained according to the performance metrics used by the Hydro-BID tool. Calibration was carried out through a trial -and -error process, where eachby evaluating one parameter was evaluated one at a time. The performance metrics showed that tThe obtained parameter values obtained were considered suitable formade the model functional because if results feall within established ranges according to performance metrics (Tables 2 and 3).	Comment by Michi Waygood: Is this what you mean? Please check
Table 2. Metrics resulting from calibration.
	Metrics
	Daily value
	Monthly value

	Overall volume error (%)
	11.85
	4.66

	Correlation, r (-)
	0.56
	0.69

	Modified Correlation, Rmod
	0.35
	0.42

	Nash-Sutcliffe Efficiency, NSE
	0.31
	0.47



As indicated shown in Table 2, the performance of the model was performed better at the monthly level than at the daily level, which may be explained by the fact that calibrating at the daily level is more complex, and more stations are needed when there are several sub-watersheds.
 Regarding Vvalidation was performed on data from a different time period as described in Section 2.3., Tthe metrics obtained by validation, shown in Table 3, are within the ranges stipulated by the Inter-American Development Bank (Moreda et al. 2014).	Comment by Mary Thaler: This original paragraph was quite confusing, so I added this sentence in order to clarify how validation differs from calibration.
Table 3. Metrics resulting from validation.
	Metrics
	Daily value
	Monthly value

	Overall volume error (%)
	-6.84
	-17.55

	Correlation, r (-)
	0.54
	0.64

	Modified Correlation, Rmod
	0.46
	0.41

	Nash-Sutcliffe Efficiency, NSE
	0.2
	0.38



The low While the Nash–Sutcliffe efficiency coefficient values are somewhat low, this is due to the metric being’s sensitivitye to high extreme, high values. However, as 1 is tThe optimal value for this metric is 1, with values between 0.0 and 1.0 are generally seen as acceptable. levels of performance, while vValues < 0.0 indicate that the observed mean value is a better predictor than the simulated value, making model performancewhich would indicat unacceptable performance (Moriasi et al. 2007). 	Comment by Michi Waygood: Is this what you mean? Please confirm. 
The simulated flows were adequate for the calibration and validation periods, with low and medium flows being well captured. The. The values of the  performance metrics were within the acceptable ranges established by authors such as Dawson et al. (2007), used for the evaluation of the model, for both the calibration and validation periods, were satisfactory and reflecteding the good performance of the Hydro-BID tool in simulating the hydrology in the watershed. This is based on the values obtained from the performance metrics, which are  	Comment by Mary Thaler: This paragraph contained a lot of repetition. I tightened it up by removing redundant phrases. Please verify that the meaning is still clear.
Although tThe model proved to be more was accurate in simulating minimum and average flows. However, maximum flows were not well represented by the model. (Fig. 5), which. However, this is not a serious problem because Hydro-BID is a model for management model and not a model forrather than data prediction purposes. In general, the most important element is the flow volume, and not the frequency at which these flows occur.



Figure 5. Precipitation data and measured versus simulated flow rates

3.2. Climate model selection and downscaling

[bookmark: _Hlk169698273][bookmark: _Hlk170151536]For theTo selection of the model that best fits the local climateic conditions, we evaluated the annual and multiannual monthly graphs that compared the data of from the model with the data of the historical temperature and precipitation dataseries were evaluated. The best- performing climate models were the MPI-ESM-MR CORDEX model for precipitation and the MPI-ESM-MR GCM? model for temperature. The GCM wasis closer to the observed rainfall and temperature data, hads the best correlation of all the models considered, and hads the lowest percentage error with respect tofor the dry- and wet- day criteria (Table 4).  This model was selected, due to evidence of a similarities between the behavior of the observed? data curve observed with the data ofand the model data for the twelve months of the year, starting in January.; Iin addition, the values ​​presented produced by the GCM are were closestr to the recorded precipitation data. On the other hand, the CORDEX? model presents the best correlation of all the models evaluated.; The percentage of error for Concerning the criteria forof dry and wet days, the percentage of error is also minimal, which indicates that there is similarity between the datthe observed and modeled data were similar?. Table 4 shows compares GCM and CORDEX model results the for different statistics of theat research stations within the watersheds to be compared with the GCMs and CORDEX models results. Fig.ure 6 and Fig.ure 7 presents a comparison betweencompare the two types ofobserved and modeled? information for precipitation and temperature. 	Comment by Mary Thaler: Please verify. I added this because you refer to this model as “the GCM” throughout the rest of the paragraph.	Comment by Michi Waygood: Please establish a clear naming convention early in the paper and apply it consistently throughout. 	Comment by Mary Thaler: By “the GCM” do you mean the MPI-ESM-MR model? Please confirm.	Comment by Mary Thaler: please confirm. It wasn’t clear in the original sentence which data curves were being compared.	Comment by Michi Waygood: These sentences cause a lot of confusion. It is not clear if you are referring to CORDEX or GCM. If you are talking about CORDEX, please make that more clear by specifically naming the model and making explicit comparisons between it and GCM. 
If you are still taking about GCM here, it is still confusing because you repeat the same information as earlier in the paragraph. If this is all indeed about GCM, please delete these sentences. 	Comment by Mary Thaler: please confirm. “On the other hand” suggests that we are now talking about the other model, but this is not made clear in the original sentence.	Comment by Michi Waygood: If you are still talking about GCM here, please remove “on the other hand.” This suggests that you are about to introduce a contradicting or contrasting point. 	Comment by Mary Thaler: Earlier in the paragraph, you said the GCM had the best correlation of all the models evaluated, but here you seem to say that the CORDEX model also has the best correlation. How can this be possible? Or are we still talking about the GCM model? If so, then why say “on the other hand”?	Comment by Mary Thaler: Please verify if this is correct

Table 4. Comparison of modeled values of flow rate? sStatistics of theat climate? stations within the watersheds to be compared for all GCMs	Comment by Mary Thaler: Please verify if this is correct
	Model
	Station
	Average
	Max
	Min
	Desv	Comment by Mary Thaler: I don’t understand this abbreviation. Please define it (for example, in a table footnote).
	Corr
	Wwet days / cold days
(% error)
	Wet days/ warm days 	Comment by Mary Thaler: In section 2.4 you talk about “wet/cold days” and “hot/dry days”. I don’t think we’ve seen “wet/warm” days. Is this a mistake?
(% error)

	MPI-ESM-MR 
	301413300
	37.82
	40.22
	35.43
	101.86
	0.03
	7.17
	0.16

	
	301388900
	51.56
	55.13 
	48
	101.52
	0.05
	3.72
	0.16

	
	301388800
	40.99
	42.93
	39.49
	105.19
	0.04
	1.74
	0.64

	MPI-ESM-MR CORDEX
	301413300
	392.15
	404.13
	380.17
	423.76
	0.04
	0.22
	3.42

	
	301388900
	271.05
	275.89
	266.21
	363.5
	0.03
	0.48
	0.32

	
	301388800
	258.65
	263.99
	253.31
	349.31
	0.03
	0.16
	0.96



Figure 6. Multiannual Comparation comparison of the observed? monthly multiannual precipitation in all stations and with the values obtained from the model CORDEX: MPI-ESM-MR model	Comment by Mary Thaler: Please verify

Figure 7. Multiannual Comparation comparison of the observed? monthly multiannual temperature in all stations and with the values obtained from the model MPI-ESM-MR model	Comment by Mary Thaler: Please verify

For the calibration process of the downscaling model, we used the period between from 1-January-1989 and to 31-December-2005 was used. FLikewise, for the validation process, the informationwe used the period between from 1-January-2006 and to 30-December-2014 was processed. For We tested the results of the validation process using the RMSE (Root Mean Squared Error) allowed to test the results. Tables 5 shows the results for theof evaluated evaluation local stations for precipitation and temperature at stations within the watershed, respectively.

Table 5. Validation of the downscaling technique for precipitation and temperature
	Station
	RMSE (monthly)

	
	Precipitation
	Temperature

	301388800
	60.85
	0.39

	301388900
	58.23
	0.44

	301413300
	51.12
	0.37



In addition, Figs.ures 8 and 9 present a visual comparison ofe the results obtained byof the downscaling technique and the historical observed? data for the validation period. As expected, the results for temperature results show a better accuracy?/behavior compared thanto the precipitation forecasts, given itswhich is difficulty to predict in tropical areas.

Figure 8. Validation of the downscaling technique for precipitation against historical data  in theat Sstation 301388800

Figure 9. Validation of the downscaling technique against historical data for temperature in atthe Sstation 301388800

Once the climate models were selected, we evaluated the downscaling performance was evaluated by means ofusing the root mean square error (RMSE) to estimate the correlation between the climate model data before and after the downscaling process with respectand to the historical data fromseries of the climate stations, as shown in Table 6 and Figs.ures 10 and 11. The correlation coefficient between the data is was closer to the optimum value, which is of zero, after the downscaling was conductedcarried out.; Tthis proves showed that the technique minimizes the error levels in the climate models in the study area.

Table 6. The effects of downscaling
	RMSE

	Before downscaling
	After downscaling

	Precipitation
	Temperature
	Precipitation
	Temperature

	RCP 2.6
	RCP 4.5
	RCP 8.5
	RCP 2.6
	RCP 4.5
	RCP 8.5
	RCP 2.6
	RCP 4.5
	RCP 8.5
	RCP 2.6
	RCP 4.5
	RCP 8.5

	6.64
	7.25
	7.12
	8.36
	8.32
	8.69
	1
	1.31
	1.25
	3.0
	2.87
	2.94





Figure 10. Comparison of the historical data from climate stations and the future data fromfor the CORDEX MPI-ESM-MR model (RCP 2.6, 4.5, 8.5) for precipitation.




Figure 11. Comparison of the historical data from climate stations and the future data for from the GCM MPI-ESM-MR model (RCP 2.6, 4.5, 8.5) for temperature.

For each scenario, a comparison analysis was conducted for of future climate conditions was performed by increasing or decreasing precipitation and temperature, both at mid-century (MOC) and at the end of the century (EOC). In the case of the precipitation variable for eachAll scenario, there is s showed an increase in precipitation events both at MOC and at EOC. In an the case of RCP 2.6 scenario, there was anthe average increase of was 1.83% for at MOC and 4% for at EOC; for RCP 4.5, 6.53% for at MOC and 6.9% for at EOC; and for RCP 8.5, 7.43% for at MOC and 7.97% for at EOC. With respect to Ttemperatures in the, RCP 2.6 scenario an increased of by 0.17% for at MOC and 0.23% for at EOC is shown for RCP 2.6 (Table 3). For RCP 4.5, temperatures, increased bys of 0.57% at MOC and 0.47% for MOC andat EOC, respectively, were expected. For , and RCP 8.5, the temperature was expected t decreased by by -0.43% for at MOC and -0.60% for at EOC for RCP 8.5.	Comment by Mary Thaler: Please verify this part, because it isn’t quite consistent.

You use the word “events”, making it sound as if you are comparing the frequency of precipitation events (e.g., number of rainy days), rather than the quantity of precipitation (e.g., in mm). However, you don’t use “events” for temperature, so you are comparing the increase in average temperature. Is this correct?	Comment by Mary Thaler: This doesn’t fit with what is shown in your Table 3. Is this table reference an error?

The lowest temperature behavior forprojected for RCP 2.6 was 12.73 °C in at Sstation 301388900 shows the data with the lowest value 12.73 °C, on the other hand., Meanwhile, the temperature at for Sstation 301388800 the data iswas close to 13 °C, in theand station 301413300 the temperature values ​​ar close to 13.73 °C at Station 301413300. Temperatures iIn RCP 4.5, the stabilization scenario corresponding to, RCP 4.5, the temperature shows awere significantly increase compared tohigher than in the previous scenarioRCP 2.6. , it is evident that for theStation 301388900 station the valuesshowed ​​increased and thesetemperatures that fluctuated between 13.26 °C to and 13.53 °C, while for theStation 301388800 station the temperature oscillateds between 12.98 °C and 13.25 °C, finally and the sub-watershed area? with atthe Sstation 301413300 presents temperatures fromwas between 13.54 °C to and 13.81 °C. In RCP 8.5, the last final scenario established as, RCP 8.5, the temperature valuess ​​are reducedwere lower, presenting awith behavior similar toresembling that of RCP 4.5, for. At Sstation 301388900 in the upper part of the watershed, the temperature oscillateds between 12.56 °C and 12.7 °C, at Sstation 301388800 has the temperature wass of 13 °C, and at Sstation 301413300 the temperature values ​​of up towas as high as 13.56 °C.


3.3. Hydrological modeling under three climate change scenarios

The projected climate data series obtained by using the downscaling method were used as inputs for to the calibrated and validated Hydro-BID model to obtain the daily flow series for the period 2014 to 2100. From tThese results were used to obtain, the expected future variations in the hydrological regime of the watershed were obtained (see Fig. 12). The hydrologic flows gradually increased for each RCP throughout the period from 2014 to 2100 period. The In the case of RCP 8.5 scenario recorded, flows of greater higher magnitude were recorded, and thewith peaks reached reaching approximately 7 m3 /s-1, so it can be inferredsuggesting an increase in/that greater runoff processes are greater in this scenario. On the other hand, flows for RCP 4.5 fluctuated between 1 and 3 m3 /s-1, and there arewith peaks close to 5 m3 /day-1 during the period from 2030 to –2034. For RCP 2.6, the flows presented the lowest valuesflows, only reaching 2 m3 /s-1.	Comment by Mary Thaler: Is this unit correct? The previous values were given as m3 s-1, so only 5 m3 per day seems very low!

Figure 12. Simulated flows (m3 /s-1) from 2014 to 2100 under three? climate change scenarios

Climatic factors can alter the water balance in a watershed, leading to changes in the hydrological regime. This studyWe analyzeds the variation in the average daily hydrologic flow of the Balsillas River at the outlet of the watershed for three different GHG emission climate change scenarios: RCP 2.6, 4.5, and 8.5. We expected tThe future average daily flow of the Balsillas River watershed was expected to increase forin all three emission scenarios.	Comment by Michi Waygood: You refer to the RCP scenarios as “climate change scenarios” consistently until this point. I have changed the occasional mention of ‘emission scenarios’ to ‘climate change scenarios’ to avoid confusion. If there is some nuance you want to communicate here that is relevant to this part of your analysis, please clarify. 
The average simulated flow was approximately 1.28 m3 /s-1 for RCP 2.6, which corresponds representsto an increase of 5.2% with respect to the reference period. On the other hand, tThe average simulated flows for RCP 4.5 correspond towas 1.24 m3 /s-1, and representing an increase of 2.1%, and the flow for scenario RCP 8.5, the flow data presented an average ofwas 1.29 m3 /s-1, for RCP 8.5, which indicatesrepresenting an increase of approximately 6% as compared to the historical flow data of the watershed. The impact of climate change is?/on the hydrologic flow was? is significantly highestr for scenarioin the latterRCP 8.5, which could be attributed to a greater increase in precipitation and decrease in temperature.
[bookmark: _Hlk63268743][bookmark: _Hlk63091261]For the different GHG emissionclimate change scenarios evaluated, the results show an increase in the average hydrologic flow with respectcompared to the base period., This which suggests that in the future, an increase in water yield is represented byleads to greater water availability in the watershed, indicating such that water resources could be sufficient to sustain the population's socioeconomic activities and ecological conditions. However, an effective and appropriate water resource management system must be implemented in the watershed to avoid a decline in the quantity and quality of water resources in terms of quantity and quality associated to with land use pressures, especially during the dry seasons. The predicted increased in flows is are directly related to the increase in precipitation, which can cause floods in the watershed. It is important to note that the objective of this our research study is centered onwas to evaluating evaluate the impacts of climate change on average streamflow conditions. Future studies could analyzeAs such, the analysis the impact of extreme events can be addressed in future studies.

4. Discussion
According to the results of Zhang et al. (2019), hydrological models have difficulties difficulty in reproducing high runoff values are common because hydrological modeltheir underlying? theories and model calibration criteria are attributable to theuse an incorrect/inadequate? theory of runoff production. For example, the GWLF model assumes that runoff is does not generated occur until the soil moisture content of the aeration zone reaches field capacity. This assumption may not be valid during intense rainfall, as these events can produce runoff when soils are not completely filled saturated with water due to insufficient infiltration, which is not simulated in thisby the model. Therefore, modifying the model structure to include unsaturated runoff during heavy rainfall events may result in improved hydrological simulations during these periods.
The most sensitive model parameters in the model are the curve number and AWC, which together as they mainly control the amount of runoff generated by within the watershed. This is primarily due tobecause the curve number representing represents the level ofsoil? permeability in the study area, and thus whetherwhich may or may not favor infiltration is favored,. Furthermore, the while AWC represents the soil’s water content, which represents the volume of water that is that has been absorbed prior to soil saturation. 
Although it is true that the RCP 8.5 scenario is related to an increase in temperature, this statement is true on a planetary scale,  since the distribution of thethis increase in temperature isdoes not occur uniformly throughout across the globe. This distribution, meaning that allows the existence there may be of regional temperaturess for a given scenario that have are higher or lower temperatures compared tofor the other different RCP scenarios. This The presence of regional variations? is an very important point, givenconsidering that the models linked to the different RCP scenarios are independent of each other, and share the initial and boundary conditions, as well as the physical model. Hence the needThis is why it is important to evaluate various greenhouse gasclimate change scenarios on a regional scale? is present.	Comment by Mary Thaler: Is this correct?
Additionally, it is important to mentionIt is also noteworthy that the Balsillas Rriver watershed is located in a tropical region that is, highly affected by regional climate variability phenomena (e.g., ENSO) that , which are more correctly accurately? represented by in-situ data compared tothan data from GCM or RCM models, due to the regional condition of the phenomenon.  Therefore, dDifferent RCP scenarios affect will affect to a greater or lesser extent the intensity and frequency of this type ofsuch phenomena to varying degreeson, and thereforeresulting in varying levels of agreement? between the climate projections related toand in-situ information.	Comment by Mary Thaler: I think this is what you mean. Can you please verify?
The advantage of the hydrological model used herein in the present study is that the modeling tool contains the AHD, which contains parameterized information for watersheds in the Latin American and Caribbean region. This reduces the problem of scarce information in developing countries such as Colombia, which lacks information on its watersheds, such including the Balsillas River Watershed. Despite the foregoingadvantages of AHD, using a single hydrological model to simulate water resource availability may lead to some uncertainty due to the choice of model parameters and model structure (Zhang et al., 2019). For example, there aresome studies in whichthat developed six monthly water balance models were developed, which found large differences in the resulting runoff values. Therefore, it is recommended to using use a set of hydrological models is recommended to provide a more complete range for of future hydrological simulations.	Comment by Mary Thaler: You need to provide citations for the studies you refer to in this sentence.
Our results show thatproject an increase in average hydrologic flows is expected. This is, which is in lineconsistent with other research studies conducted on watersheds with different climate and topographic characteristics that have foundprojected that for different RCPs, flow increases are projected by the end of the century for different RCPs. For instance, (Meenu et al., (2013) concluded that in the Tunga-Bhadra River Watershed, scenarios A2 and B2 are forecasted to have flow increases of 18.5% and 43.9%, respectively. In the Himalayan River watershed, it was foundCNRM projected that, compared to the baseline flow, the future streamflow with reference to the average annual baseline flow. The average annual streamflow projected by CNRM shows anwill increase of by 10.7% and 0.8% during the 2030s and 2060s, respectively? (Bhatta et al., 2019). In the Manipur River watershed, India, researchers projected There isan increase of 40.9 m3 /s-1 in the discharge at the outlet point scenario RCP 8.5 infor the time period 2081-–2100 for scenario RCP 8.5, was obtained in Manipur River watershed in India (Anand and Oinam 2019).	Comment by Michi Waygood: Using these scenario names are meaningless to the reader unless the scenarios are described or related to the ones you use. For example, is scenario B2 similar to RCP 8.5? Or you could describe the scenarios in more general terms (and leave out the names A2 and B2), and say that they compared two scenarios and the one with more dramatic climate change conditions increased flow from 18.5% to 43.9%, for example. These are just suggestions as I did not read the paper you cite here  
The results of this our study also are consistent with the information presented in the Colombia National Communication Number 3 to the United Nations Framework Convention on Climate Change in the Colombia National Communication Number 3. That document?, which stipulates states that for the department of Cundinamarca in the area of the Central Savana Province, where the Balsillas River Watershed is located, precipitation and temperature increases have beenare forecasted for the different emission climate change scenarios. 

4. Conclusions

[bookmark: _Hlk169706194]In this study, we investigated the future projections of the impact of climate change and its impact on the hydrology, specifically the water flow, in of the Balsillas River Watershed for the period 2014–2100 period. Maintaining a sufficient water supply is essential for crop production.In the case of the Balsillas River basin, Tthe main economic activity in the Balsillas River basin is agriculture, which provides livelihoods for . Therefore, it is essential to maintain sufficient water supply for crop production, since most of the population lives from this activity. It is also important to meet domestic water needs for daily household use and ensure the quality of life of for the communities in the study area in terms of meeting domestic water needs for daily household uses. This project assessed the risk of water supply failure in order to anticipate the impact that water shortages may have on the communities, and to identify measures to reduce such risks.
The hydrological model included in the Hydro-BID tool accurately represented the average and minimum flows of the watershed, as shown by comparing the runoff simulation with the historical flow records of the “El Bosque” hydrometric station. Likewise, aAccording to the performance metrics, the performance of the model was performed better on using a monthly level than onrather than a daily level timescale.
Using downscaling, pPrecipitation projections from downscaling showed anwas projected to increase compared to historical data from 1.83% to 8%. Average temperatures are were also expected projected to increase slightly in most scenarios, with variability ranging fromby 0.17% to 0.57%, except for RCP 8.5, where an average decrease of 0.5% is expectedwas projected.
[bookmark: _Hlk169706234]With respect to historical flows recorded in the watershed, the results of this study indicate thatprojected an increase of 5.2% is to be expected for RCP 2.6, which correspondings to an average of 1.28 m3 /s-1. For RCP 4.5,, an increase of 2.1% was projectedis expected for RCP 4.5, which correspondings to an average of 1.24 m3 /s-1, while and an increase of approximately 6% was projected is expected for RCP 8.5. Based on the results obtained from the modeling, it waswe determined that the water availability of in the basin watershed will increase between 2014 and 2100 under each all of the climate change scenarios evaluated. This may have a positive impact on the future development of economic activities (e.g., agriculture and industrial activities) in the region within the watershed, including increasing water availability for urban growth. However, such potential economic growth should be accompanied by water protection and conservation strategies.

[bookmark: _Hlk169706304]The results of thise study make it possible to formulate and implement in advance an effective water management plan to reduce future water-related problems in the Balsillas River watershed. In addition to the effects of climate change, future studies will have tomust consider other factors, such as land use change and increased carbon dioxide concentrations. In addition, the projectThis study also contributes to the research on the incidence of climate change in the Andean Pplateau region, and opens the opportunityavenues for research on the application of new hydrological modeling and water resources management tools., as well as the interest in applyingIt highlights the need for new methodologies that will become critical for decision making in the terms of planning and management of water resources systems.
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