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Abstract
The effects of climate change in Bolivia are already visible, and challenge the management of water and land with the retreat of glaciers, increased occurrence of extreme events such as floods and droughts and, as a result, increased variability in agricultural yields. Strategies are necessary and currently sought to avoid or reduce negative impacts through adapted management of natural resources, while enabling sustainable development.
[bookmark: _Hlk203379843]Here, we firstly quantify the potential impacts of climate change on natural and managed water resources, crop yields and hydropower production in two regions of Bolivia (sub-basins of the Amazon and the Río de la Plata). The simulated climate impacts form the boundary conditions within which a series of adaptation measures, developed in a regional context, were defined in cooperation with the regional actors. Afterwards, their effectiveness under climate change conditions was estimated. The model used in the study to quantify the climate impacts and the effectiveness of possible adaptation measures integrates the relevant hydrological and vegetation processes, the management of arable crops, dams and hydropower generation in a process-based way. 
The climate projections show a regionally varying pattern for Bolivia: The windward slopes of the Andes facing the Amazon basin receive in general more rainfall, while the Amazon lowlands and the Altiplano receive less. As a consequence, natural water supply and agricultural yields decrease in the Bolivian lowlands, whereas no changes or a possible increase in annual water availability and yields is simulated in the headwaters of the Amazon and Río de la Plata sub-catchments. At the same time, extreme events such as prolonged droughts will increase in both basins under scenario conditions. The results further illustrate that adapted management considering the Nexus Water – Food – Energy has the potential to compensate for the increase in flow variability to some extent, but the applied management has to balance the demand for irrigation water, electricity generation and flood protection. Moreover, the results showcase the importance of climate change mitigation, with the impacts on land, water and extremes being less severe under moderate warming.

 
Introduction
Many countries around the world, including Bolivia, will be severely affected by climate change with strong impacts on the water resources and related sectors within the Water – Energy – Food (WEF) Nexus (Gaetani et al. 2023, de Roo et al. 2021), and possibly serious effects for the livelihood and welfare of the local people and societies. The water cycle and vegetation processes are inextricably linked to the climate system, and for every additional increment of global warming, impacts become larger and related losses and damages likely escalate (IPCC 2022). Also, the effectiveness of available adaptation options decreases with every increment of warming (IPCC 2023). At the same time, the world is not advancing fast enough in its emission reductions nor in its adaptation efforts (UN 2022, IPCC 2023). 
Earth observations such as the GRACE-FO satellite data show unusual low soil water and groundwater storage in larger parts of Central and Eastern South America, including the lowlands of the Amazon basin (Rodell et al. 2022). This is not only a threat for the local environment, for example the pristine rain forest, but also relevant for human water supply, because aquifers are the main source of water for human consumption in the Amazon and La Plata sub-basins in Bolivia (Guzman Rojo et al. 2024). Water-related impacts are often exacerbated by political decisions and the (mis-) management of water and land. 
When the Paris Agreement entered into force in 2020, one focus was on ensuring that global pledges adequately consider adaptation and mitigation measures, which will be implemented and updated in the Nationally Determined Contributions (NDC, UN 2015). Almost all the NDCs identify water as a central component of their adaptation work and some also link water to the provision of sustainable energy, food security and forest restoration (UN Water 2010, Sadoff et al. 2020). 
Bolivia is currently developing implementation and investment plans for climate change adaptation, and the Bolivian NDCs cover adaptation in the water, energy, forest and agriculture sectors including livestock. However, Bolivia lacked comprehensive analyses projecting climate risks in these sectors. To address this prevalent bottleneck, projections of climate impacts are needed. The projections are the input to further cost-benefit-analyses in order to select adaptation measures with focus on the water sector for the relevant economic sectors and the society. 
The objective of this study is to provide a climate risk assessment to support the science informed design of robust water policies and adaptation strategies. Climate change adaptation measures are currently being planned all over the world, and the results of this study show how important it is to consider the feedback loops in the WEF Nexus.


The study areas
Bolivia has a very diverse landscape ranging from the Amazon rain forest in the northeast to the Andes Cordillera in the west. The latter acts as a topographic barrier for the warm and moist flux from the Amazonian region leading to strong local and regional differences in climate. As a result, the country has three clearly distinct regions: the lowlands with elevations up to 500 m above sea level (asl), which is about 60 % of the country; the Altiplano and the Andean mountains with elevations above 3500 m asl (around 16 % of Bolivia); and the valleys and the slopes of the Andean mountains which encompass the remaining 24 % of the Bolivian territory (Abadi et al., 2020). The climate varies from tropical in the northeast, semiarid in the southeast, mountainous tropical forests along the eastern slopes of the Andes, and arid highlands to the west (Velpuri et al., 2016). The mean annual precipitation (temperature) is about 1285 mm (22 °C), with 1300 mm (25 °C) in the state of Santa Cruz region and 745 mm (19 °C) in the state of Tarija.
To capture the physiographic diversity of Bolivia, two regions with three river basins have been selected for this study: The San Martín and Paraguá basins (Santa Cruz State) and the Guadalquivir basin (Tarija State) (Figure 1).
The Guadalquivir basin is located in the upper part of the Bermejo catchment in the state of Tarija with heights ranging between 1,595 and 4,750 m asl. The Bermejo is a tributary of the Río de la Plata flowing into Argentina and has a total basin area of 3,334 km². It is characterized by a large central valley surrounded by a chain of mountains and hills to the west and southeast, and mountains to the north (Moya et al., 2021).
[image: ] Figure1: The study areas.

The San Martín basin and the Paraguá basin are located within the Itenez catchment in the Chiquitanía Norte region of the state of Santa Cruz. Hydrographically, these two basins are part of the great Amazon basin. The San Martín River Basin is located in the north of the state, covering an area of 33,155 km². The Paraguá basin covers an area of 27,170 km² (Figure 1). The region's forests are considered one of the most productive in Bolivia (GAD Santa Cruz 2020). Their ecological value has also been recognized through the establishment of the largest protected area of Bolivia (Noel Kempff National Park).

Data and Methods
Climate data
[bookmark: _Hlk143167235]The latest IPCC report (IPCC, 2021) considers several scenarios as possible projections into the future, the so-called shared socioeconomic pathways (SSPs). They span a range of additional radiative forcing levels from 2.6 to 8.5 W/m2 until 2100. SSP1-2.6 represents a future world with strong mitigation efforts, while SSP3-7.0 and SSP5-8.5 represent a future world with little to no mitigation. SSP1-2.6, SSP3-7.0 and SSP5-8.5 were chosen in this study to cover the widest possible range of the newest generation of climate scenario data. They are taken from the project ISIMIP (Inter-Sectoral Impact Model Intercomparison Project) phase 3 (Frieler et al. 2024), in which an ensemble of ten global climate models of the Coupled Model Intercomparison Project (CMIP6) has been downscaled to a 0.5° resolution and bias-adjusted, applying the methodology described in Lange et al. (2021). The calibration of the eco-hydrological model and the bias adjustment has been done using W5E5 reanalysis data, a merged dataset combining WFDE5 data over land with ERA5 data over the ocean (Lange et al. 2021). The W5E5 data were chosen, because they are the ones with which also the bias-adjustment of the ISIMIP climate data was done. The comparison of W5E5 and ISIMIP data for the historical period is presented in the Supplementary Material (A1).

The eco-hydrological model 
[bookmark: _Hlk201005910]The eco-hydrological and water management model SWIM (Soil and Water Integrated Model) was developed to investigate the impacts of climate and land use change at the regional scale (Krysanova et al. 2015, Hattermann et al. 2011). The model integrates all the relevant and interconnected hydrological, plant and management processes, such as runoff generation, plant growth, nutrient and carbon cycling, and erosion. In addition, water management measures and agricultural cropping patterns and yields can also be simulated. The water management module allows the simulation of different reservoir operations, e.g. focusing on flood protection, hydropower generation, water supply and low-flow control (Koch et al. 2013; Liersch et al. 2019). Irrigation and transmission losses are also implemented (Liersch et al. 2023). The agricultural module includes the simulation of cropping sequences, fertilisation and harvesting and the associated nutrient cycles. The vegetation module simulates the dynamic growth of crops, different forest types as well as grassland and shrubland. The approach thus allows the simulation of all interrelated processes and feedbacks of the WEF Nexus in a single model framework using a daily modeling time step.
SWIM uses a three-level disaggregation scheme from catchment (basin) to sub-basin to hydrotope (elements having the same properties in terms of land use, soil, and other features defined in the model set-up) that operates on a daily time step. 
The results of the model calibration for both regions using observed river discharge, where data is available, are provided in the Supplementary Material (A2). The observed discharge data were provided by the local authorities. Figure 2 shows exemplarily a comparison of observed and modelled water levels and volumes of the San Jacinto Dam, the main reservoir located in the Guadalquivir basin. Because of the lack of regional data, simulated crop yields were compared and adjusted using national statistics (FAO 2024). 
                        [image: ]
Figure 2. Observed and simulated monthly water level and volume of the San Jacinto Dam (Guadalquivir basin, Tarija), modelled by SWIM.  

Management scenarios and adaptation measures 
A series of workshops and discussions were held with the local actors of each target region to find out what adaptation measures are being discussed and planned. As a result, five adaptation options, applying to the geographical context of the two regions, were selected by the local experts: For the San Martín and Paraguá basins in Santa Cruz, the adaptation measures are i) restoration of areas affected by fires and ii) improvement of the current livestock practices including fodder production. For the Guadalquivir basin in Tarija, the adaptation options are improved dam operation with focus on water availability for irrigation with the second aim to produce more highly valuable crops such as iii) grapes and vi) strawberries. An additional focus was v) flood protection under climate change conditions. 
The Tarija case study illustrates the dependencies within the WEF Nexus, where the various trade-offs and synergies can be quantified by adjusting reservoir operation in the model set-up.

Table 1: Definition of adaptation measures and scenarios for the Tarija region.
[image: ]

The implementation of the adaptation measures is embedded in the storylines of three main management scenarios (see Table 1):
· Baseline scenario: serves as a reference and describes the current status quo. The first objective of the reservoir operation is to generate hydroelectricity, and the second is supply of water for irrigation. There are no investments in the infrastructure. In this scenario, no climate change is considered.
· Adaptation scenario: the priority of reservoir management is shifted to irrigation water supply, while hydropower generation becomes the second objective. By 2050, successive parts of the irrigation pipeline will be renewed, increasing the water flow capacity and decrease transmission losses. The changing climate conditions additionally influence the water inflow to the dam. 
· Non-adaptation scenario: the dam remains in an obsolete state so that agricultural land cannot be expanded. The allocation of water for hydropower and irrigation purposes remains the same as today (baseline). However, hydropower generation needs to be adjusted to the new flow conditions. As in the adaptation scenario, the change in climate affects the volume of water in the reservoir. 


Results 
Climate change impacts on air temperature
Air temperature projections show an increase in annual mean temperature under the three SSP scenarios over the 21st century compared to the reference period 1985-2015 (Figure 3a). The climate projections start to diverge after the 2030s. The SSP3-7.0 and SSP5-8.5 scenarios exhibit a steady increase in air temperature during the 21st century, whereas the warming trend of the SSP1-2.6 scenario stabilizes after the 2050s.
Compared to the reference period, projected far-future (2065-2095) changes show that annual mean temperature is very likely to be higher between 2°C-3.4°C in SSP1-2.6, 3.8°C-6.9°C in SSP3-7.0, and 4.4°C-8.2°C in SSP5-8.5, with a multi-model median of +2.5°C (SSP1-2.6), +4.7°C (SSP3-7.0), and +5.8°C (SSP5-8.5). Spatially, the largest increase in air temperature is projected for the southern Altiplano and northern lowlands (Figure A4 in the Supplementary Material). Projections of warming trends will contribute to more very hot days (Figure 3b), while fewer frost days are expected (Figure 3c) in all scenarios.
	a)
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	b)                                                            c)
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[bookmark: _Toc112326258]Figure 3: Projected changes compared to the 1985-2015 average in annual mean air temperature (a), very hot days (b), and frost days (c) over the 21st century differentiated by the SSP scenario pathway for Bolivia. Lines and shaded areas show multi-model percentiles of 31-year running mean values. Lines represent the best estimate defined by the median of the ensemble and shaded areas the uncertainty bands defined by the confidence intervals of 66% (likely range) and 90% (very likely range).

Maps of projected changes in mean annual temperature and changes in very hot are provided in the Supplementary Material (A3).

Climate change impacts on precipitation
The multi-model median indicates a negative trend in projected precipitation amounts over Bolivia under all scenarios with an average decrease of minus 30 mm (SSP1-2.6), minus 68 mm (SSP3-7.0), and minus 67 mm (SSP5-8.5) for the far future (2065-2095) relative to the reference period (Figure4). The large ensemble spread suggests high uncertainties in precipitation projections across the model ensemble. Precipitation is projected to decrease during wetter months, especially during September through November under SSP3-7.0 and SSP5-8.5 scenarios. During December to February, precipitation tends to decrease in the second half of the century for all scenarios. 
Important is that the projected changes in precipitation differ largely across regions (Figure 4).  Focus is made on areas with high confidence (more than 75 % of CMIP6 models agree on the sign of the change in the precipitation projections, see dots in Figure 4). Less precipitation is projected in the northern lowlands, where concurrently the largest increase in temperature is projected. More precipitation is simulated for the northern part of the Bolivian Altiplano and the Andes' south-eastern slopes, where the Tarija department is located. A robust and alarming result is that all areas show an increase of extreme drought events (Figure 5). 

[image: ]
[bookmark: _Ref111907883][bookmark: _Toc112326266]Figure 4: Projected changes in mean annual precipitation in the near-future (the 2030s; 2015-2045), mid-century (2050s; 2035-2065), and far-future (2080s; 2065-2095) relative to the reference period (2000s; 1985-2015) for the three different SSP scenarios. 
[image: ]
[bookmark: _Ref111970916][bookmark: _Toc112326270]Figure 5: Projected changes in the frequency of months with extreme drought conditions (standardized precipitation evapotranspiration index [SPEI] <= -2) in the near-future (the 2030s; 2015-2045), mid-century (2050s; 2035-2065), and far-future (2080s; 2065-2095) compared to reference period (2000s; 1985-2015) for the three different SSP scenarios.

Maps of projected changes in mean annual frequency of heavy precipitation days and frequency of extreme drought events are provided in the Supplementary Material (A3). 

Impacts on hydrology and crop yields
The model SWIM was used to translate the changes in climate into impacts on water resources, extreme river flow and crop yields. As a result of the regionally different climate trends and the uncertainty therein, impacts on water resources and vegetation differ between the two regions of Tarija and Santa Cruz and come with a considerable range of uncertainty. However, some robust pattern is visible. 
a)                                                                                               b)
[image: ]         [image: ]
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Figure 6a: Change in discharge under climate change until mid of the century (top) and end of the century (bottom) and for the low warming scenario (left) and the high warming scenario (right) for the Itenez/Rio Grande basins relative to the reference period (2000s; 1985-2015). Figure 6b: The same for the Bermejo basin. 

[bookmark: _Hlk142655570]Figure 6 illustrates the spatial distribution of mean changes in river flow in the Itenez basin (with the basins San Martin and Paraguá located within) and in the Bermejo basin (with the Guadalquivir basin located within). In the Itenez basin, almost only decreases in discharge are visible with down to -15 % until around 2055 and down to -25 % until the end of the century under the moderate climate scenario SSP1-2.6 conditions (with low increase in temperature and possible decrease in precipitation). The impacts are more extreme under the SSP5-8.5 scenario, with some increases in river flow in the upstream parts of the basin, but uniformly strong decreases in the San Martin and Paraguá basins down to around -25 % until mid of the century and down to -40 % until the end of the century.
In the Bermejo basin, there are only slight changes with decreases and increases in river flow visible in the headwaters of the basin, ranging from a decrease of -5 % to an increase of +10 % under the conditions of the moderate climate scenario SSP1-2.6 and until the mid of the century (Figure 6b). The changes aggravate with values between -10 % and +20 % in some subbasins until the end of the century under moderate climate warming. In contrast, the changes are in almost all cases positive under the warmer scenario SSP5-8.5, with up to +20 % until mid of this century and +40 % until the end of the century. 
With the overall increase in meteorological drought frequency (Figure 5), also low flow conditions increase in number and intensity in both basins. Figure 7 provides boxplots with the ranges of change per scenario and period. All low flow indicators (Q90, Q95 and Q99, with 90 %, 95 % and 99 % of the daily values above) show strong decreases in discharge, the strongest in the far future and for the high-end scenario SSP5-8.5 with up to -50 % less discharge for Q95 and Q99. 
While high flows generally increase in the Bermejo basin, moderate high flow indicators (Q10 and Q5, with 10 % and 5 % of the daily values above) show no changes or even decrease in the Itenez basin, with the strongest decreases for the scenarios SSP3-7.0 and SSP5-8.5. Only the extreme high flow indicator (Q1 with 1 % of the flows above) has an increase up to the mid of the century and for scenarios SSP1-2.6 and SSP3-7.0.
a)
[image: C:\Users\gaedeke\Documents\Bolivia\adaptation_measures\plots\santa_cruz\4_quantiles_change_percent.jpg]
b)
[image: C:\Users\gaedeke\Documents\Bolivia\adaptation_measures\plots\bermejo\hydrology\SanJacintoDam-4_quantiles_change_percent.jpg]
Figure 7: Change in low flow (Q90, Q95, Q99) and high flow (Q10, Q5, Q1) indicators at (a) Principe da Beira gauging station (downstream San Martin and Paraguá) and (b) San Jacinto (Bermejo) for the near (NF) to far (FF) future relative to the reference period (1985-2015). SWIM simulations forced by 10 bias-adjusted CMIP6 models and three different SSPs. 

Especially in the Bolivian lowlands, the decrease in precipitation and increase in drought conditions could negatively impact crop yields (soybean as an example) and pasture (Figure 8). While the moderate scenario SSP1-2.6 gives only small decreases, severe changes are visible, especially in the high-end scenario SSP5-8.5. The crop yields modelled by SWIM show the strongest decrease at the end of the century (SSP5-8.5) with more than 25 % for pasture and around 45 % for soybean on average when considering the pure climate effects without change in management. Because of the possible slight increase in precipitation and the overall increase in temperature, crop yields in the Bermejo basin may have a small positive trend. 
Additional information about the impacts on impacts on seasonal flows and inflow into two reservoirs in the Santa Cruz region are provided in Supplementary Material (A4). 
          
        [image: ]
Figure 8: Scenario yields of soybeans (during austral summer, wet season) and pasture (two harvest/ grazing periods) in the Santa Cruz region in the near (NF) to far future (FF) relative to the reference period (1985-2015). 

Adaptation measures integrating water and land management
Of the set of measures discussed with the local actors and experts in the Guadalquivir basin (Tarija), adapted reservoir management considering the integration of irrigation, flood protection and hydropower generation has been selected as the example to illustrate the impacts and feedbacks within the WEF Nexus. Priority on flood protection was considered as an additional adaptation measure because of the possible increase in flood risk under climate change conditions (see Figure 7).  In the flood protection mode (“Flood protection”), a larger part of the reservoir volume is consequently used for flood prevention, thus reducing the volume available for irrigation water supply and hydropower generation. In the management strategy with priority on hydropower (“Constant electricity”), as much water as possible is stored in the rainy season for hydropower generation in the dry season. The active storage capacity of the reservoir is approximately 45 million m3 and is thus the volume which can be managed with different priorities. 
The combined impacts of climate change and reservoir management on the water stored in the dam and hydropower generation is shown in Figure 9. One result is that without larger changes in annual inflow into the reservoir under scenario conditions, the reservoir is able to buffer the increase in variability, and management scenarios have a larger impact than the climate scenarios in the near, middle, and far future. The greatest difference is simulated between the adaptation measure “Constant electricity” with as much water stored in the rainy season as possible and the “Flood protection” measure with as much water released in the rainy season as possible to have free storage in case of a flood. 
In the “adaptation” scenario, where the goal is to optimize and expand irrigation, more water is stored in the reservoir for irrigation than in the “no adaptation” scenario, to enable irrigation of 3000 ha of strawberries in the dry season. In the no adaptation scenario, less water is stored than in the “adaptation” scenario and the released water is used for hydropower production. 
a)                                                                                               b)
[bookmark: _Ref112010435][bookmark: _Toc112326298][image: C:\Users\gaedeke\Documents\Bolivia\adaptation_measures\plots\bermejo\dam_operation\Act_stor_Mio_m3_monthly_period_means.jpg][image: C:\Users\gaedeke\Documents\Bolivia\adaptation_measures\plots\bermejo\dam_operation\Energy_MW_monthly_period_means.jpg]Figure 9: Storage (a) and hydropower generation (b) in the San Jacinto dam based on the three climate and four management strategies. Simulations are based on SWIM forced by 10 bias-adjusted CMIP6 climate models (ensemble median) for three different SSPs (SSP1-2.6, SSP3-7.0).

Not surprisingly, the highest electricity production, especially in the dry season, is under “Constant electricity” scenario conditions (Figure 9b), because the water stored in winter is released in summer. Visa versa, the lowest electricity production is under “Flood protection” scenario conditions, because less water is stored to have a buffer volume in case of a flood event. 
In order to estimate the needed volume for additional irrigation from the reservoir and to estimate the potential area of additional irrigation, SWIM was applied to stepwise increase the amount of irrigated areas for strawberry cultivation in the Bermejo basin from 3000 ha to 7000 ha, with the water taken from the reservoir. We further investigated the impact considering different irrigation measures with i) irrigation is managed as flood irrigation (as it is done currently in the basin) and ii) the irrigation infrastructure has been improved to drip irrigation. 
[bookmark: _Hlk112242271]The results shown in Figure 10 and Figure 11 quantify how often thresholds of water storage in the reservoir would be exceeded, in Figure 10 considering flood and in Figure 11 considering drip irrigation with stepwise increase of irrigated area from 3000 ha over 5000 ha to 7000 ha. The future climate projections are displayed for the near-future (NF, 2015-2045), mid-future (2035-2065, MF), and far-future (2065-2095, FF) based on 10 bias-adjusted CMIP6 climate models and three SSPs (SSP1-2.6, SSP3-7.0, SSP5-8.5). 
The additional irrigation demand can be covered in almost all cases when the demand rises to irrigation of 3000 ha. The demand is considerably lower when applying drip irrigation. When increasing the irrigated area to 7000 ha, not enough water might be in the reservoir in the dry season when flood irrigation is applied, however, the situation improves with drip irrigation.  
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[bookmark: _Ref112242041][bookmark: _Toc112326302]Figure 10: Number of days when the actual storage of the reservoir is larger than 45 million m3 or lower than 5 million m3, considering application of flood irrigation of 3000 ha (left), 5000 ha (middle) and 7000 ha (right) of land from the reservoir.
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[bookmark: _Ref112242052][bookmark: _Toc112326303]Figure 11: Number of days when the actual storage of the reservoir is larger than 45 million m3 or lower the 5 million m3, considering application of drip irrigation of 3000 ha (left), 5000 ha (middle) and 7000 ha (right) of land from the reservoir.

It is obvious that drip irrigation leads to more storage in the reservoir and is as such more sustainable, for example when looking at electricity generation in the dry season. The number of days, when the active storage is less than 5 Mio m3, increases to on average more than 100 days per year under flood irrigation and until the end of the century (Figure 10, flood irrigation), while it is on average less than 50 days per year until the end of the century under drip irrigation (Figure 11).
Additional information about the impacts of irrigation treatment on reservoir storage are provided in the Supplementary Material (A5).

Discussion
Climate warming in Bolivia is projected to be higher than mean global warming. Similar results for Bolivia have also been found in the future warming projections based on the CMIP5 scenario generation (Seiler et al., 2013). The projected changes show less precipitation over the lowlands, and an increase at the eastern slopes of the Andes. The projected decrease of precipitation over the lowlands is in line with the currently observed negative trend (-5.1 mm/year) reported for the Madeira River basin by Da Motta-Paca et al. (2020), and with the increase over the Andes such as the south-eastern slopes and northern part of the Altiplano where positive precipitation trends were reported by Torres-Batlló and Martí-Cardona (2020), Segura et al. (2020) and Seiler et al. (2013). Uncertainties in precipitation projection are probably due to uncertainties in climate models in the simulation of precipitation over this region where precipitation patterns are modulated by the interplay among large-scale (e.g., latitudinal migration of Atlantic Intertropical Convergence Zone, South American Monsoon Systems, Bolivian Highlands) and local circulation patterns (e.g., upslope and downslope moisture transport) and the complex Andean orography (Espinoza et al., 2020; Segura et al., 2020; Garreaud 2009). These climatic patterns are also strongly affected by the El Niño-Southern Oscillation (ENSO) (Poveda et al., 2020), and due to the interactions among such a variety of phenomena, there can be large biases in simulating precipitation in CMIP6 models (Arias et al. 2021).
As a result, impacts on water resources and crop yields differ in the lowlands and the slopes of the Andes, and the adaptation measures of the NDC and other national policies should be flexible to different developments of climate in the regions. While in Tarija there is a tendency to no changes or more water availability (SSPs 3-7.0 and 5-8.5), but with huge uncertainty and even a tendency to less availability under moderate climate change (SSP1-2.6) and overall more droughts, all scenarios show less water availability in the lowlands of Santa Cruz, the stronger, the higher the temperature increase is. It is important to notice that the yet uncertain projection of more water availability in Tarija diverge from the results of Álvarez, et al. 2021, where scarcity of water resources in Tarija was pointed out, yet, based on only two GCM outputs of CMIP5.
The results show that reservoirs have the potential to alleviate hydrological extremes, but this comes with trade-offs for specific water users within the WEF Nexus. Thus, it has to be robust enough to be adaptable to changing conditions over time (Loucks and van Beek, 2017).

Conclusions 
Climate change is a global phenomenon, but the impacts manifest at the regional scale. It is therefore important to consider the variety of landscapes and manifestations of climate change in local impact and adaptation studies. One example is the upstream part of the Amazon and La Plata rivers, where precipitation may increase in the headwaters located at the upper slopes of the Andes, but may decrease downstream in the lowlands. As a result, water availability within the WEF Nexus changes and the management of water and land has to be adapted. Adaptive management has the potential to mitigate the worst effects of climate change, as long as climate change does not progress too far.
Furthermore, the decline in rainfall at the foot of the Andes and in the lowland areas of the Amazon and La Plata rivers does not bode well for the valuable environment in these areas, and further research is needed to assess the impact e.g. on the vulnerable pristine rainforest which is already under pressure by human activities such as deforestation and expansion of agriculture. 
The results also illustrate how important climate change mitigation is: the impacts on water resources and hydrological extremes (droughts and floods) increase in both areas in number and intensity with the increase in temperature (from the moderate warming scenario SSP1-2.6 to the strong warming scenario SSP5-8.5).  
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