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Justification
Impact of human water use in the freshwater system
Human communities have historically used and managed water resources for its needs, agriculture and crafts, but the intensity of water use has dramatically increased in the last century. Today, water withdrawals from the natural                     freshwater system (which includes groundwater and surface water) for human activities reach around 4000 km3/y, and this volume has increased due to a rise of irrigation activities and food production, spread of urbanisation and population increase, development of industrial activities and power generation, and ongoing climate change [1]. 
One example is the increase of irrigation during the twentieth century, which is today the activity with the largest share of water withdrawal worldwide: irrigated areas increased fivefold in the world, and total water withdrawal rose to 2700 km3/y  in 2000 from around 500 km3/y in 1900 [2], [3], [4], with nearly 50% being part of water consumption (water that evaporates and doesn’t return locally to the continental freshwater system). Recent studies show that the irrigated area will keep increasing globally in the current century [5]. As a result, many areas that already exhibit water stress will observe a higher irrigation water demand, which may induce freshwater storage depletion and could escalate social tensions around water access. 
Water footprint estimates the water volume used to produce goods and services [6]. It gives a comprehensive view of the impact of human activity in the freshwater system, because it considers water from rainfall (green water), water withdrawn from the freshwater system (blue water) that evaporates or is incorporated into a good (also called consumptive use) and water used to assimilate a pollutant (grey water). It also considers indirect use, for instance, the increase of evaporation associated to reservoir storage. In this case, human water footprint rises to 10.000 km3/y [6], [7]. Agriculture shares the largest volume [8], with a fifth of agriculture water footprint used for exports, not for domestic or local consumption. When compared to available water resources estimates , the human footprint correspond to roughly to 24% [9], which highlights the deep impact that socioeconomic systems have today in the water cycle.   
In Colombia, the National Water Assessment reported for 2022 [10] a water footprint equivalent to 16% of total water demand, and a water withdrawal of 34 km3/y, where 27% corresponds to water consumption. It indicates a good water availability for the human  demand, but it hides an heterogenous distribution of water resources: the rainiest areas are located far away from highly populated zones, with important water deficits at local scale and an important vulnerability to droughts at regional scale [11]. This is an immense challenge for planning fair water access and manage water resources in case of droughts events and water shortages.
Climate change implications for water resources management
We need to correctly estimate the sustainable water availability in the freshwater system to understand the processes that drives storage and fluxes dynamics at different scales. Similarly,  we need to report water use and its effects in the freshwater system. This type of data can help to inform national water use plans related to the Sustainable Development Goals  (specifically goals from SDG 6, clean water and sanitation), as they could advice policy and decision makers on water management at regional scale, and are needed to assess the sustainability of current and future water uses. 
Assessing sustainable water uses in the future is especially important under the ongoing climate change induced by human CO2 emissions [12]. Climate change will increase air temperature and will change precipitation patterns, with local increases and decreases and an overall increasing trend. Implications of climate change in hydrology include increasing inter and intra annual variability, increase of frequency and intensity of extreme events like floods and droughts, changes in available water at regional scale, and negative effects on agroecological systems. 
Which are the effects of future climate on water use and what must be done to adapt to the new climate regime? Some modelling efforts try to address these issues despite to uncertainties inherent to future scenarios: for instance, [13], [14], [15] show he evolution of water use by sectorial use under climate change and socioeconomic scenarios. In [16], a coupled atmosphere-land surface model is used to understand the future  effect of irrigation on water resources and key hydroclimate variables under a scenario of strong climate change signal.
In Colombia, current projections indicates an increase of air temperature in around 2-4°C for the warmer climate scenarios [17], directly increasing atmospheric water demand and evapotranspiration. On the other hand, precipitation could increase in the eastern and central zones of the country, and decrease in the western and northern areas [18] but with longer dry spells [19]. These projections delimit expected changes in populated areas like the Caribbean Coast (where is likely to see less available water) and in the Oriental Andes branch (where it is likely to observe an increase of extreme                     precipitations and flood events), even if further studies are needed to address uncertainty in the results.
Regarding the future evolution of water use in the country, the National Water Assessment [10] shows an increase in water irrigation for some activities at the country level. But apart from an intensification of mean rainfall rates, it does not consider the intensification of hydroclimatic extreme events, nor the intensification of socioeconomic activities in key sectors like agriculture, industry, and domestic use. These limitations open new perspectives and needs in the study of water resources and water use under future climate conditions in the country. 
Modelling tools for water resources and water use analysis
There are different types of models to represent the hydrologic cycle, each one with its own simulation strategy and objectives; four examples are provided in Table 1. Note that scale, objective and needs on computation resources and                     environmental information are linked, and should always be considered when implementing a model.
The main advantage of using hydrological models is the possibility to simulate a chosen domain, which can be as large as a continent with no spatial-temporal gaps; besides, models can be used to explore past and future water cycle (using historical or scenario forcing data), which is essential to explore effect of adaptation measures; finally, models are a summary of the knowledge of a hydrosystem, and so can evolve in order to include new information or improve the model representation. This flexibility is important to address some limitations of modelling tools, like uncertainties in meteorological forcing and on the processes and the parameters that the model uses. 
Table 1. Examples of hydrologic models , their spatial scale , main objective, computational needs, and landscape and environmental information
	Model
	Type
	Spatial scale
	Objective
	Needs

	ORCHIDEE [20]
	Land Surface Model
	Continental - Global
	Interaction with climate
	Medium computation and large information needs

	MESH [21]
	Integrated Hydrology
	Basin - Continental
	Water resources and operational forecast
	Medium computation and large information needs

	PARFLOW-CLM [22]
	Integrated Hydrology
	Basin-Continental
	Surface-subsurface interaction
	Large computation and information needs

	PCR-GLOBWB [23]
	Global Hydrology Model
	Continental - Global
	Water resources and water use
	Medium computation and information needs



As hydrology models are essential tools to inform effects of policy decisions in past and future periods, and they are also powerful teaching tools to understand the functioning of a system, they are retained as core tools for this statement.
Goals
The main objective of the research work is to advance the understanding of coupled  socio-ecologic  and freshwater systems under changing conditions. Both system can be seen as independent, but they interact and create two-way feedbacks that remain difficult to grasp. I structure this main objective into four interconnected goals that bridge scientific advancements and the need to obtain practical knowledge that can inform water resource management plans: 
1. To develop a comprehensive, management-oriented understanding of Colombia’s freshwater system, focusing on the complex interaction between water pools (for instance surface-atmosphere interaction, subsurface-surface interaction). This goal will use advanced hydrological modelling as the preferred tool to generate relevant-scale information that will directly inform integrated management and planning of water resources: sustainable water allocation , climate adaptation ,  extreme events management,  improvement of operational forecast, and guidelines to achieve national goals as the Sustainable Development goals.
2. To Integrate human water use and socioecological dynamics into hydrological models, tailoring  methods to Colombia’s socioeconomic and cultural context. This goal will bridge gaps between scientific modelling and real water management strategies in an increasing water-demand framework: incorporation of agricultural practices, domestic and industrial demand, and growing water use, into decision-support tools. This goal demands a strong collaboration with local water use associations, policymakers and water experts from social sciences to reflect on-the-field challenges and support suitable and equitable water governance.
3. To project and analyse the joint evolution of human water demand and freshwater availability under climate change and socioeconomic transformation. This goal must use transdisciplinary-designed and relevant-scale scenario modelling to develop sustainable water and land management strategies: improvement and adaptation of agriculture practices, design of resilient regional water allocation and land use plans, recommendations on land management strategies into national water-efficiency and climate adaptation policies, and identification of regional and local relevant infrastructure needs.
4. To establish long-term exchange platforms with civil society, state agencies and water use stakeholders, to co-produce and disseminate water management tools and pertinent water management information. This goal will transfer technical knowledge to policymakers and practitioners with particular needs in water planning tools and climate change adaptation, and will incorporate stakeholders and communities feedbacks to refine and improve decision-making tools and strengthen water governance.
Suitability of the candidate's research work
I have ample experience implementing hydrology models of varied complexity to address questions regarding the functioning of large-scale hydrosystems, the effect of human activities with large water use, and the interaction of these systems with different components of the water cycle and the Earth System. 
As an young researcher (UNAL-Bogota, master in water resources), I contributed to the Earth2Observe project; the goal of the research was to understand the effects of both climate change and land use changes in the Magdalena-Cauca basin [24], [25]. We showed that land use can counteract climate change increase of runoff at continental scale, and enhance evapotranspiration increase due to climate change, reinforcing the water cycle intensification.
During my my PhD. at Sorbonne Université (Paris, France, PhD. In Hydrology) under the under the direction of Agnès Ducharne, I assessed two issues at global scale: First, I assessed the coupled effect of hillslope flow and climate change in hydroclimatology, I demonstrate that hillslope flow can attenuate or invert climate change effects at regional scale [26]; second, I implemented and evaluated a new irrigation module in ORCHIDEE, the continental component of the IPSL Climate model [27].
During my first Postdoc as part of the BLUEGEM project I explored the coupled interaction of the water cycle, irrigation activities, and climate under a scenario of strong climate change signal, showing future effects of irrigation on water resources [16], [28], and remarking the limits of irrigation activities in areas like the Mediterranean basin. Currently, I work as Postdoc researcher in the CECC project (https://www.projet-cecc.org/?page_id=3731&lang=en last accessed on 15 February 2026) at the IGE lab. (Grenoble, France) under the supervision of Jean-Martial Cohard. I work on improving the representation of large floodplains in West Africa with the high-resolution integrated model PARFLOW-CLM, while conceiving  novel methods to improve  model parameterization using satellite data. 
Research statement
At the large scale, I propose to adopt a continental scale model covering the continental Colombian domain, and tackle the burdensome computing problem by implementing a lighter-to-run model. It will be similar to PCR-GLOBWB, a semidistributed conceptual model that relies on robust calibration, but also integrates meteorological and landscape information. The first stage will be the generation of meteorological forcings and ancillary datasets such as soil parameter and land cover maps. Implementing large water use activities like irrigation and dams can be also prioritized in this stage. My experience will prove useful to improve previous efforts done in the National University, like the E2O project [25].
When implemented, the continental model open possibilities with University staff to constraint the results while analysing the impact of regional processes. For instance, isotopic data that depicts surface-groundwater connections in the Central Magdalena Valley [29]  could be used to constraint the model results. Other example is the assessment of GRACE data for Colombia, which delimitates areas where intense water-use activities could be heavily affecting water resources [30], and could serve as independent evaluation of water use simulation. This collaborations will lead to the estimation of the sources of water sustaining human activities, and its share on total water use; for instance, to quantify the importance of Páramo ecosystems in the water supply. Finally, these experiments can be complemented with the comparison of global-scale simulation experiments like ISIMIP [31], that focus on the evolution of human water use under historical and future                     climate.
At the regional and local scale, the end goal is to inform water management using integrated information i.e.                     considering surface and subsurface water pools and its complex interaction with the atmosphere. I identify  opportunities for the implementation of high-resolution high-frequency models to further the analysis of isotopic hydrology and hydrogeology in designated river basins. I propose to advance the knowledge on human water use in complex tropical and mountain basins, which will tailor existent human water-use representations, or may develop new representations that includes social-science frameworks. Finally, I propose to build sustainable scenarios of development of these activities in the future at the basin scale, as those proposed for global scale [32]. These scenarios should propose a range of future practices ranging from sustainable to unsustainable, considering climate change effects, modification of water use intensity, and changes in land use and land management
These collaborations can extend to local scales, to study the effect of urbanisation especially in frequency and intensity of extreme events, and the effect of adaptation measures for cities like a massive implementation of sustainable urban drainage systems. There are important advances in the Universidad Nacional de Colombia [33] and further analysis on the effect of new infrastructure and climate change is important for local adaptation plans.
Teaching statement
At the large scale I propose to open a new course for Master and PhD level called Hydrology of Continental Systems. Students will understand the coupling of hydrology, climate, and human activities at the continental scale. Main subjects will include: Land surface – atmosphere and surface-subsurface interaction, land use and land cover effects on continental water cycle, irrigation and flow regulation as main human water use activities at continental scale, climate change effects on continental freshwater system and large-scale water use, and strengths and limitations of hydrology models for large-scale research. 
At the watershed level, the classic unit in hydrological studies, I propose emphasizing issues related to the effects of climate change and the impact it may have on regional and local water resource management. This emphasis may be done at undergraduate level in the  “Basic Hydrology” course by explaining the organization and results of the IPCC: what does it study, what are its main results and recommendations, which type of data exist, where can the students find this data, and how to use the IPCC datasets. Following the current work on climate change and cities, the goal is to understand the main                     risk climate change can create for cities, and think on the adaptation measures tailored to Colombian cities, using simplified hydrology models.
I propose to contribute to the Water Resources Master program by lifting the “applied hydrology” course to an “Applied hydroclimatology” course. This update would consist on including a more extensive explanation of climate change effects on key hydrology variables, remarking the relationship with other earth system components like the biosphere (carbon cycle) and the atmosphere (radiative balance), and the effects of human water use in these relationships. Finally, the course shows what are the water uses and how are they represented in hydrology models, and which information can be extracted from a simulation to inform climate change adaptation plans at the basin scale. This updated course version have a strong focus on uncertainty and how to communicate uncertain results to stakeholders. 
These propositions are frameworked in the thematic field “Planning, policy, information and water resources management”, currently proposed in the Water Resources Engineering Master (https://ingenieria.bogota.unal.edu.co/wp-content/uploads/2025/10/Malla-Maestria-Recursos-Hidraulicos-INVESTIGACION.pdf last accessed on 14 February 2026). I aim to include new pedagogical activities centered on hydrology modelling workshops and interactive pedagogical tools (for instance, an interactive sandbox, https://sandtank.hydroframe.org/), so the students understand the main concepts and strength of modelling tools.
Extension proposal
Extension and establishment of long-term platforms with civil society and stakeholders is based on two main branches:
First is the appropriation of hydro climate services. To do so, I propose to transfer technical savoir-faire to access and interpret global and regional information, for instance CMIP6 datasets. I propose to complement this activity with the development of an scalable easy-to-sue toolbox  with a strong focus on climate change and its implications for water use and extreme events. This kind of tool is important to fulfil regulatory and planning activities of Autonomous Regional Agencies and other environmental authorities from the local to the national level, and so must respond to its needs. An international example is the European CLIMAAX project (https://www.climaax.eu/project/) which focuses on risk and vulnerability assessment. 
Second is the collaboration with scientific and dissemination networks that focus in the management of water resources. This includes regional forums in Bogotá (IDEAM, National Water Forum from the Universidad Central). These open forums  help to identify technical needs for management and planning, and receive feedbacks to co-design future scenarios of water use. I propose to collaborate with ANDEX (https://www.andex-rhp.org/) a scientific network centred on production and divulgation of hydroclimate information for the Andes. Finally, internationally, I propose to continue my collaboration with METIS and IGE laboratories in France, which could enable international funding for research project and visiting scholars between Universidad Nacional de Colombia and France, and other schools in USA and Europe.
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