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1. Introduction 
 

This report is an intermediate product of the Dutch partners for water project” Climate change 

adaptation in Colombia: a tipping point analysis”. The main project objective is to improve the capacities 

of Colombian partners by: 

• quantifying the impact of climate change on flood risk and water availability, 

• identifying critical thresholds in the water system and its management (adaptation tipping 

points) and sketch future options (pathways) for adaptation, 

• providing tools/approaches that support water resources (adaptation) planning processes in 

dealing with uncertainties of climate change and other future developments.  

It is a pilot and demonstration project to show potential of methods, tools and models by applying them 

in 2 pilot areas: Upper Magdalena river (large basin with focus on floods) and the Coello river (smaller 

basin focus on water supply). The project runs from July 2013  until  September 2014 and is executed by 

Deltares, UNESCO-IHE, Sarvision and Future Water with local partners: DNP, IDEAM, CorMagdalena and 

CorTolima. 

 

Figure 1.1 Schematic of the project approach.  Adaptation tipping points are reached when external developments (arrows) 

require new or increased policy and management action to maintain risks and water stress at an acceptable level.  

Three main components are: 1) Climate and socio-economic scenario development and policy analysis, 2) 

hydrological and water distribution modelling and 3) training and capacity building. 

In this report the results of the second project mission to Colombia are given. During this mission a 

training on adaptation policy and a workshop to build socio-economic scenarios was given. Chapter 2 

will introduce the main methodologies that are applied in the project together with some relevant 

background information. Chapter 3 presents the results of  the workshop on scenarios.  
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2. Method 

2.1.  Scenarios, adaptation tipping points and pathways 
In this project we aim at assessing possible impacts of climate change with respect to flood- and drought 

risks using the methodology of adaptation tipping points. This is done for the Coello basin (drought risks) 

and upper Magdalena basin (flood risks). In addition possible adaptation measures are sketched by 

making adaptation pathways. 

Impacts vary with uncertain future outcomes of climate and socio-economic changes. As a tool to make 

this uncertainty visible and practically useful for assessment and communication we need scenarios. 

Scenarios allow for impact assessment and enable robust decision making: what measures / strategies 

are robust under different futures? If developed in participatory process it may create awareness and 

support for possible future outcomes among stakeholders. 

In this project we employ so called explorative scenarios that: “Describe how the future might unfold, 

according to major driving forces of change and based on external context”.  What’s external context 

and what’s not is strongly defined by the definition of your system’s boundaries. A  distinction is made 

between: What can be influenced and controlled by you within these boundaries, we call this 

adaptation measures or strategies, and what cannot be influenced and is externally enforced upon 

and/or evolving  autonomously within the system, we call that a scenario. 

Scenarios should capture main uncertain driving forces with the highest impact. 

 

Figure 2.1 Impact uncertainty matrix defining what future changes are essential for incorporating in explorative scenarios  

By applying the climate (and associated statistical variability) and socio-economic scenarios to the 

modelling of the land-use, hydrology, discharges, water levels in the rivers, flood and risks we get an 

impression of the range of possible impacts of future changes. The question is what changes really 

matter. What are the conditions under which the water management, the water distribution policy or 

simply the measures in place no longer meet the clearly a-priori specified objectives.  We call these 

critical conditions  adaptation tipping points (ATP). To define an ATP you need to: 
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 define tresholds or critical performance criteria, if exceeded you need to improve or change 

your policy and management. These criteria can be: 

o formalized by law (standards, rules) 

o agreements between parties, (a.o. water distribution) 

o objectives with respect to performance of policies/management/measures (for example 

indicators of Cormagdalena water management plan) 

 Estimate/calculate how the performance changes with climate change and with what amount of 

change treshold or critical performance criteria will be exceeded 

 Timing: use climate/socio-economic scenario (eg IPCC, or from national agencies) to assess 

when the change will be probably too much (=> at that time alternatives should be ready) . Using 

a range of climate scenarios in this way will yield a time-range of occurrence of tipping points. 

 

Figure 2.2.  Example of ATPs in the Dutch Delta management.  Treshold criteria used are the frequency of inlet closures, 
economic damage due to waiting ships, the availability of enough sand for nourishment, the height of flood defences and 
costs for  improvement. These criteria are all somehow related to sea level rise and will be reached sooner or later 

depending on climate scenario. 

The basic idea of the adaptation pathways (AP) approach is to generate adaptation pathways consisting 

of a sequence of adaptation measures to achieve objectives targets under changing climate and socio -

economic conditions.  Central to the adaptation pathways concept are the above mentioned ATPs.  After 

reaching a tipping point, additional measures are needed to reach the objectives. In this way different 

pathway can be designed. Mapping a wide array of possible adaptation pathways provides a portfolio of 

relevant measures for adaptation. Usually these APs are used in the context of policy planning.  Actions 

may also involve stimulation and enhancement of autonomous adaptation by regulation and capacity 

building.  AP’s provide insights in options, lock-ins and path dependencies,  introduce flexibility to adapt 

to a multitude of potential future changes and strategies can be explored considering different 

stakeholder perspectives. 
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Figure 2.3 Example of adaptation pathways for adapting to increasing river discharges for the Rhine river. Generic actions for 
flood risk mitigation that can be distilled from this example and other adaptation programs in the Netherlands are: 
Increasing levees, construct storage reservoirs, build flood barriers, creating more “Room for the river”, Adaptive or 

waterproof building. The generic actions in this example serve as a package of specific actions at specific locations with 
specific performances resulting into different sell by dates and different moments to switch to other actions.   

2.2. Global scenarios Remote concentration pathways (RCP’s) and shared 

socio-economic pathways (SSP’s)  
This part of the report covers the basic information required to understand the source of the 

information taken for the RCP and SSP as well as a short description from the IPCC task groups and the 

way they operate. This is presented in such a way that scenarios from the executive report of the IPCC 

and its application on the workshop activity done as part of this part of the project can be understood. 

IPCC Background 

Climate change has triggered the concern of international organizations in the world. In this respect the 

IPCC. It was established by the United Nations Environment Programme (UNEP) and the World 

Meteorological Organization (WMO) in 1988 to provide the world with a clear scientific view on the 

current state of knowledge in climate change and its potential environmental and socio-economic 

impacts (http://www.ipcc.ch/).  

The basic information required for predicting scenarios of climate change require an important number 

of socio-economical and climatological studies. The following information from the IPCC website 

describes the Work Groups / Task Force objectives. 

http://www.ipcc.ch/
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The IPCC Working Group I (WG I) assesses the physical scientific aspects of the climate system and 

climate change. The main topics assessed by WG I include: changes in greenhouse gases and aerosols in 

the atmosphere; observed changes in air, land and ocean temperatures, rainfall, glaciers and ice sheets, 

oceans and sea level; historical and paleoclimatic perspective on climate change; biogeochemistry, 

carbon cycle, gases and aerosols; satellite data and other data; climate models; climate projections, 

causes and attribution of climate change.  

The IPCC Working Group II (WG II) assesses the vulnerability of socio-economic and natural systems to 

climate change, negative and positive consequences of climate change, and options for adapting to it. It 

also takes into consideration the inter-relationship between vulnerability, adaptation and sustainable 

development. The assessed information is considered by sectors (water resources; ecosystems; food & 

forests; coastal systems; industry; human health) and regions (Africa; Asia; Australia & New Zealand; 

Europe; Latin America; North America; Polar Regions; Small Islands).  

The IPCC Working Group III (WG III) assesses options for mitigating climate change through limiting or 

preventing greenhouse gas emissions and enhancing activities that remove them from the atmosphere. 

The main economic sectors are taken into account, both in a near-term and in a long-term perspective. 

The sectors include energy, transport, buildings, industry, agriculture, forestry,  waste management. The 

WG analyses the costs and benefits of the different approaches to mitigation, considering also the 

available instruments and policy measures. The approach is more and more solution-oriented.  

The Task Force on National Greenhouse Gas Inventories (TFI) was established by the IPCC to oversee the 

IPCC National Greenhouse Gas Inventories Programme (IPCC-NGGIP). The core activity is to develop and 

refine an internationally-agreed methodology and software for the calculation and reporting of national 

GHG emissions and removals and to encourage its use by countries participating in the IPCC and by 

parties of the United Nations Framework Convention on Climate Change (UNFCCC). The NGGIP also 

established and maintains an Emission Factor Database.  

Assessment reports are comprehensive documents that might not be easily read as well as that cover 

topics and details that might not be relevant for all public. For this Summary Reports for Policy Makers 

are recommended and referenced along this report. This year an extra (special) report on managing risk 

of extreme events and disasters to climate adaptation is included.  

Note: It is important to highlight that groups or task force do not directly manage scientific data nor does research, 

they do an assessment on the available scientific  and technical l iterature available in public peer reviewed 

international documents (papers, books, reports and others). 

Summary of Policy Makers (SPM) Assessment report (AR5) 

In the SPM an important update of scenarios is suggested compared to the AR4. For the task force I 

climate has been studied in terms of the radiative forcing. This term is combined to the idea of a social 

pathway for the following years till 2100.  RCP is the acronym used for Representative Concentration 

Pathways, where each path can be interpreted as route in one scenario. Scenarios include time series of 

emissions and concentrations of the full suite of greenhouse gases, aerosols and chemically active gases, 

as well as land use/land cover (Moss et al., 2008). The word representative signifies that each RCP 
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provides only one of  many possible scenarios that would lead to the specific radiative forcing 

characteristics. The term pathway emphasizes that not only the long-term concentration levels are of 

interest, but also the trajectory taken over time to reach that outcome. (Moss et al., 2010).  

The basis for these pathways is the analysis of changes in radiative forcing. This term is defined as the 

difference of radiant energy received by the earth and energy radiated back to space. Typically, radiative 

forcing is quantified at the tropopause (around 10 km height) in units of watts per square meter of 

earth's surface. 

Each RCP is identified as a relative relation of total radiative forcing at the year 2100 relative to the year 

1750.  

 RCP2.6, (mitigation) 2.6 Watts/ m²  

 RCP4.5, (stabilization) 4.5 Watts/ m²  

 RCP6.0, (stabilization) 6.0 Watts/ m²  

 RCP8.5. (High emission of GHG) 8.5 Watts/ m²  

The RCPs can thus represent a range of 21st  century climate policies, as compared with the no-climate 

policy of the Special Report on Emissions Scenarios (SRES) used in the Third Assessment Report and the 

Fourth Assessment Report.  

For RCP6.0 and RCP8.5, radiative  forcing does not peak by year 2100; for RCP2.6 it peaks and declines;  

and for RCP4.5 it stabilizes by 2100.  

Each RCP provides spatially resolved data sets of land use change and sector-based emissions of air 

pollutants, and it specifies annual greenhouse gas concentrations and anthropogenic emi ssions up to 

2100. RCPs are based on a combination of integrated assessment models, simple climate models, 

atmospheric chemistry and global carbon cycle models. While the RCPs span a wide range of total 

forcing values, they do not cover the full range of emissions in the literature, particularly for aerosols. 
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Figure 2.4 Rogelj J., M. Meinshausen and R. Knutti (2012), “Global warming under old and new scenarios using IPCC climate 

sensitivity range estimates”, Nature Climate Change, DOI: 10.1038/NCLIMATE1385.  

RCP data are used to drive global climate models (GCM’s) to provide for projections of variables like 

Temperature, precipitation etc.  Based on the RCPs a group of GCM’s has made multiple ensemble 

projections (see Figure 2.4), showing the large variability between models and the outcome of the 

different emission scenarios. Figure 2.4 shows that for temperature increase large differences between 

1 and 5 degree (compared to preindustrial) emerge for the year 2100 depending on RCP. However the 

spread of ensemble results is such that differences between RCP on the short term (2050) are hardly 

significant and model uncertainty is dominating. It is also shown that there is almost no difference 

between the results of AR4 and AR5.  

Socio-economic scenarios 

Task force II recommend the use of a similar measure described as Socio-economic Shared Pathways 

(SSP). The SSP are built and understood using storylines as the starting point for the development of the 

quantitative SSP elements. Each storyline provides a brief narrative of the main characteristics of the 

future development path of an SSP.  
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Figure 2.5 Shared Socio-Economic pathways and mitigation versus adaptation challenges. Source: www.eu-amazalert.org -  

A brief summary of the storylines are provided here for comprehensiveness. For further details and 

extended descriptions of the storylines, see O’Neill et al.  (2012).  

SSP1 - Sustainability: This  is a world making relatively good progress towards sustainability, with sustained efforts  to achieve 

development goals, while reducing resource intensity and fossil fuel dependency. Elements that contribute to this are  a rapid 

development of low-income countries , a  reduction of inequality (globally and within economies), rapid technology 

development, and a  high level  of awareness regarding environmental  degradation. Rapid economic growth in low-income 

countries reduces  the number of people below the poverty line. The world is characterized by an open, globalized economy, 

with relatively rapid technological change directed toward environmentally friendly processes , including clean energy 

technologies and yield-enhancing technologies for land. Consumption is oriented towards low material growth and energy 

intensi ty, with a relatively low level  of consumption of animal products . Investments in high levels of education coincide wi th 

low population growth.  

Concurrently, governance and insti tutions  facili tate achieving development goals and problem solving. The Millennium 

Development Goals are achieved within the next decade or two, resulting in educated populations with access to safe water, 

improved sanitation and medical care. Other factors that reduce vulnerability to climate and other global changes include, for 

example, the successful implementation of s tringent policies  to control ai r pollutants  and rapid shi fts toward universal acce ss to 

clean and modern energy in the developing world. 

SSP 2 - Middle of the Road (or Dynamics as Usual, or Current Trends Continue, or Continuation, or Muddling Through): In this 

world, trends typical of recent decades continue, with some progress towards achieving development goals, reductions in 

resource and energy intensi ty at his toric rates, and slowly decreasing fossil fuel dependency. Development of low-income 

countries  proceeds  unevenly, with some countries  making relatively good progress  while others  are left behind. Most 

economies are politically s table with partially functioning and globally connected markets . A limited number of comparatively 

weak global  insti tutions exis t. Per-capita  income levels grow at a  medium pace on the global average, with slowly converging 

income levels between developing and industrialized countries.  

http://www.eu-amazalert.org/news/10829418/The-new-IPCC-guided-scenarios
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Intra-regional income dis tributions improve slightly with increasing national income, but dispari ties remain high in some regions. 

Educational investments are not high enough to rapidly slow population growth, particularly in low-income countries. 

Achievement of the Millennium Development Goals is delayed by several decades , leaving populations  without access to safe 

water, improved sanitation, medical care. Similarly, there is only intermediate success in addres sing air pollution or improving 

energy access for the poor as well as other factors that reduce vulnerability to cl imate and other global changes.  

SSP 3 - Fragmentation (or Fragmented World): The world is separated into regions characterized by extreme po verty, pockets 

of moderate wealth and a  bulk of countries that s truggle to maintain living s tandards  for a  s trongly growing population. 

Regional blocks of countries  have re -emerged with little coordination between them. This is a  world failing to achieve global 

development goals, and with li ttle progress in reducing resource intensi ty, fossil fuel dependency, or addressing local 

environmental  concerns  such as  ai r pollution. Countries focus  on achieving energy and food securi ty goals  within their own 

region. The world has  de-globalized, and international  trade, including energy resource and agricul tural  markets , is  severely 

restricted. Li ttle international cooperation and low investments in technology development and education slow down economic 

growth in high-, middle-, and low-income regions. Population growth in this scenario is high as a  result of the education and 

economic trends . Growth in urban areas in low-income countries is  often in unplanned settlements . Unmitigated emissions are 

relatively high, driven by high population growth, use of local energy resources and slow technological  change in the energy 

sector. Governance and insti tutions show weakness  and a lack of cooperation and consensus ; effective leadership and 

capacities for problem solving are lacking.  

Investments  in human capital are low and inequality is  high. A regionalized world leads to reduced trade flows, and insti tuti onal 

development is unfavorable, leaving large numbers of people vulnerable to climate change and many parts of the worl d with 

low adaptive capacity. Policies are oriented towards security, including barriers to trade.  

SSP 4 - Inequality (or Unequal World, or Divided World): This pathway envisions  a  highly unequal  world both within and across 

countries . A relatively small, rich global elite is responsible for much of the emissions, while a larger, poorer group contributes 

li ttle to emissions and is vulnerable to impacts of climate change, in industrialized as well as  in developing countries. In thi s 

world, global  energy corporations  use investments  in R&D as  hedging strategy against potential  resource scarci ty or climate 

policy, developing (and applying) low-cost alternative technologies. Mitigation challenges are therefore low due to some 

combination of low reference emissions and/or high latent capaci ty to mitigate. Governance and globalization are effective fo r 

and controlled by the elite, but are ineffective for most of the population. Challenges  to adaptation are high due to relatively 

low income and low human capital among the poorer population, and ineffective institutions.  

SSP 5: Conventional Development (or Conventional  Development Fi rs t): This world stresses conventional  development oriented 

toward economic growth as  the solution to social  and economic problems through the pursuit of enlightened self interest. The 

preference for rapid conventional development leads to an energy system dominated by fossil fuels, resulting in high GHG 

emissions and challenges to mitigation. Lower socio -environmental challenges to adaptation result from attainment of human 

development goals, robust economic growth, highly engineered infrastructure with redundancy to minimize dis ruptions  from 

extreme events, and highly managed ecosystems. 

The science for global insight website provides a comprehensive database of different socio-economical indices for each 

scenario mention for almost all countries in the world. For this workshop global and colombian GDP growth were used.  
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Figure 2.6 Screenshot from the SSP data base showing how to select quantitative information for specific countries 

 

2.3. Methodology chosen in this project  
Before being able to apply whatever method to assess impacts of future change we need dedicated 

scenarios. In a workshop held on 15 November 2013 in Bogota, qualitative scenarios were derived in a 

joint effort of experts and representatives of government and sectors (see appendix I). 

Within the project two river basins, a small scale one being the Coello and large scale one being the 

Magdalena are considered. At the workshop participants were divided in two groups, one for each basin. 

Plausible developments have been sketched for Colombia within possible future global scale 

developments for climate, socio-economic and governance changes. All three are assumed to be 

autonomous developments setting the scene for climate adaptation and water management within 

Colombia. A risk based approach is followed: Climatic driving forces are increasing the probability of 

exposure to extreme events, the socio-economic changes are de- or increasing the vulnerability and 

exposure to such events and the changes in governance are influencing the ability of society and 

institutions to cope with these risks and to be successful in adaptation.  

To organise the most important processes and causal chains leading to negative impacts on water 

dependent sectors a simplified DPSIR (drivers, pressure, state, impact, response) approach is introduced. 

We distinguish between driving forces, pressures and impacts on society and sectors (see Figure 2.7, 

Figure 2.8, Figure 2.9). 
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Figure 2.7 Climate impacts on society. In English the drivers, pressures and impacts as prepared by the project team. In 
Spanish, the additions from participants during the workshop. 

 

Figure 2.8 Socio-economic  impacts on society. In English the drivers, pressures and impacts as prepared by the project team. 

In Spanish, the additions from participants during the workshop. 
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Figure 2.9. Changes in governance. In English the drivers and pressures as prepared by the project team. In Spanish, the 

additions from participants during the workshop. Impacts were not separately identified. 

During the workshop the following steps were taken: 

1. Discuss and choose 2 out of 5 shared socio-economic pathways that are plausible, imaginable 

and somehow representative for the range within Colombia and the two river basins could 

develop until 2050. First this was done for each river basin separately. Secondly the two groups 

had to come up with one choice. 

2. For the climate induced impacts per basin: 

a. The drivers, pressures and impacts were discussed and the schemes adapted. In the 

project climate and hydrological models will be used to provide future projections.  

3. For the socio-economic induced impacts per basin and SSP 

a. The drivers, pressures and impacts were discussed and the schemes adapted 

b. A storyline   was developed using these schemes as a guideline 

c. Relative changes in land use and water demand were indicated 

d. Changes were also sketched in a map of the basin 

e. Storyline and relative changes were presented and discussed within the whole group 

and where necessary adapted. 

4. The changes in Governance were discussed in a plenary session (see also Appendix II). 

3. Results 

3.1. Choice of Shared Socio-economic pathways (SSP’s)  
The storylines of 5 global SPPs were studied by the groups of Coello and Magdalena separately. The 

question was how do they apply to Colombia and which ones sketch the most plausible bandwith for 

developments within Colombia. The groups first choose 2 SSPs separately and in a next step they had to 

agree on 2 SSPs between the groups. 
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Table 3.1 Classification of the SSP’s according to different criteria.  

 SSP1 SSP2 SSP3 SSP4 SSP5 

Sostenibilidad  sostenible  No-sostenible No sostenible Sostenibilidad/recuperación/conservación 

Desarrollo y 

crecimiento 

 

 Hay desarrollo 

y hay cambios 

positivos 

Inequidad No hay 

desarrollo no 

hay 

crecimiento 

 Se mantiene con infraestructura 

 

Metas del  Milenio  Retrasadas 

pero se 

cumplen 

eventualmente 

No se alcanzan inequidad Se logra estabilidad y balance 

Vulnerabilidad  Variable Máxima alta Media y mitigación 

Escala de tiempo 

cuando el cambio 

puede ser detectado 

 10 años Menor a 10 

años 

10 años 40 años 

 

People have based their choice upon: 

 Sustainability  
 Development and growth 

 Millennium goals 

 Development of vulnerability to climate change 
 Time scale on which development could take place within Colombia 

 
The Coello group choose SSP4 (Inequality) and SSP5 (Conventional development). The Magdalena group 
choose SSP2 (Middle of the road) and SSP3 (fragmented world). SSP1 was judged as irrealistic and non -

plausible for the Colombian situation. 

In the follow up discussion the SSP4 was regarded as a continuation of the current situation in Colombia 
with unequally distributed economic growth. SSP 2 was regarded as a plausible development when thing 
would change in a more ‘positive’ direction. The positive economic development associated SSP5 was 

regarded less plausible. SSP3 in the end was regarded to negative (‘they didn’t want to dream about it’).  
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Figure 3.1 Estimated growth of GDP for Colombia (billion $). © SSP Database (Version 0.9.3) https://secure.iiasa.ac.at/web-

apps/ene/SSPDB 

 

Figure 3.2 Estimated growth of population for Colombia (Million) © SSP Database (Version 0.9.3) 
https://secure.iiasa.ac.at/web-apps/ene/SSPDB 

As can be derived from the figures above the corresponding GDP and population figures for 2050 are: 

1430 (SSP2) and 1270 (SSP4) US$ per year and 63 (SSP2) and 57 (SSP4) million people.  
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3.2. Storylines per SSP and basin  
 

Current land use and water demand in the two basins 

 

Magdalena-Cauca basin (271.000 km2) 

 

 

Source: IDEAM, IGAC & CORMAGDALENA 2008 
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Coello (1817 km2) 

 

 

SSP2 

Magdalena 

The population stabilizes around 2050 and afterwards tends to decrease. Economy starts to grow in all 

the sectors due to the improvement of the navigability of the Magdalena river and the introduction of 

better technology resulting in an increased and more efficient agricultural production. Technological 

development in general pushed society towards more sustainability. There is a decrease in 

overexploitation of natural resources and a tendency to recover wetland areas and protect rivers and 
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forests. There is still an increase of inequality but the economic developments allows for some socio -

economic and environmental compensation. The poorest will be less poor but the wealthiest will be 

even wealthier. 

The mining will continue at current pace but due to improved technology and stricter environmental 

regulations it will be more efficient less extensive and therefore less impacting environment. 

There is a slight decrease in the conflict for water.  

Main assumption behind this scenario is that there is peace within the country which influences 

positively economic growth and international investments allowing reaching millennium goals 

eventually. This also decreases current migration from rural to urban areas, relieving current urban 

areas further. Increase of natural hazards could however increase migration.  

There is a slight decrease in the conflict for land use and ownership. 

There is more awareness of the services the environment is providing.  

Coello 

There is a moderated growth of the population in the area as a result of migration from other regions 

within Colombia. The main city in the basin, Ibague is expected to grow further. The income per capita is 

increasing. Economy depends less on agriculture and more on commercial services like transportation. 

Within the agricultural sector there is more diversification for the local market. Rice production will 

decrease drastically; this will be partly compensated by a.o. fish farming and increase in cattle ranching. 

The reduced rice cultivation results into a net reduction of water use within the agricultural sector.  

There is a recovery of the watershed by reforestation improving water availability and environmental 

services. There is an increase in eco-tourism. The tourism industry will require more water for swimming 

pools. 

The control on illegal mining is improved. The mining as a whole is increasing in a similar fashion as for  

the whole Magdalena basin meaning better regulated and using best available technology.  

Governance 

Government in Colombia has been more decentralized and as a whole has grown stronger. By better 

regulation, more transparency, more control on water management and planning and monitoring is 

reached.  The character of planning has become more strategic, multi-scale, knowledge intense and 

participatory. More money is invested in public services like water management and infrastructure 

reaching more people, slowly decreasing inequality in access. There is however hardly any increase in 

access to good education compared to present (Note that present situation is much better than 10 years 

ago). Use of new (foreign) technology is stimulated both by government and sectors and adapted to 

local conditions. 
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The policies in general will be more liberal, international free trade will increase. Colombia will be more 

dependent on import of agricultural products for food security, unless the Colombian sector will become 

more competitive. 

SSP4 

Magdalena 

The population increases till 2050. Still peace is not reached. There is an increment in inequality. Wealth 

accumulates in the 4 largest cities in the country: Bogota, Cali, Medellin and Barranquilla. Poor 

population is migrating to the poverty belts around these cities and to secondary cities, increasing 

vulnerability to hazards, illegal activities like mining and deforestation, increasing pressure on 

environment. 

Mining continues and is of low technology high extensive character resulting into high impacts on f orest 

and water. 

There is an increase in mono cultural crops induced by large multinationals serving to be used as 

biofuels. This is causing the water use to increase, biodiversity to decrease. There is an increase in the 

production of energy enlarging reservoir capacity for hydro-electric power generation. The 

improvement of the navigability of the Magdalena river increases economic activity in the area.  

There is an increase in the conflicts for water use and land use especially between.  

Due to the increasing amount of economic activity along the Magdalena river, the increase of vulnerable 

living areas the vulnerability to flood hazards as a whole is increasing.  

Coello 

There is an increase in population, in social conflicts and security. As a result there are insufficient 

resources for social investments, health and education. As a result there is a decrease of human capital 

from high education and skills to low education and skills which has an effect on technology use. 

Agriculture collapses due to the competition with imported products and increased water scarcity and 

high production costs. Degraded agricultural land is taken over by cattle ranching. Technological 

development stays behind. Local population is dependent on imported food products, causing shi fts in 

diets. 

Ecosystems are destructed resulting to loss of biodiversity and water availability due to an increase of 

extensive, poorly controlled mining activity by multinational companies. Most of the profit is leaving the 

country again and only marginally benefiting the local communities. 

Governance 

Government in Colombia will be more centralized and as a whole has grown weaker. Multi-nationals 

and local large enterprises get more grip on the country, weakening governmental control, stimulating 

deregulation. There is less transparency and more corruption. Money invested ion infrastructure and 

services is benefiting mainly the private sector. This also effects water management and planning .The 
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character of planning has become more executive, the large economic sectors control acces to water. 

On the public side, less people benefit, increasing inequality in access to services. There is a decrease in 

access to good education compared to present (Note that present situation is much better than 10 years 

ago). The private sector is investing in technology, broad access is limited. 

The policies in general will be more conservative, favouring own industries backed by multi-nationals. 

Colombia will be more dependent on import of agricultural products for food security, because the 

Colombian sector as a whole will become more export oriented, neglecting local needs. 

Relative changes in land use and water demand 

Based on the described storylines the groups have made estimates of relative changes in land use and 

water demand. The results of these estimates can be found in tables 3.1-3.4.  

There are a few remarks to be made for correct interpretation of these estimates: 

- These are rough estimates, made by expert people, indicating the main trends.  

- In fact we were looking for water demand not what actually will be used.  

o For the Magdalena the total absolute water demand seems to be increasing or 

decreasing depending on scenario. We assume that the group has interpreted demand 

correctly and has not confronted this demand with the water available (hydrological 

projections should answer this). Given the large discharges of the Magdalena River it 

might be fair to assume that this demand can be met. Resulting flow regimes are 

available for ecology. 

o For the Coello demand is probably interpreted as use and is maintained at 100% (in the 

current situation the demand is probably higher already than availability) for both SSPs 

in 2050. Only the distribution over sectors is changed. This probably means that they 

have estimated how the competition between sectors could turn out. We assume the 

following:  all water available is used (in summer season, maintaining current reservoir 

capacity), the absolute amount of water available is distributed according to  Table 3.4 If 

this amount decreases due to climate or land use changes, water stress will increase.  

Table 3.2 water demand distribution (%) Magdalena 

    demand in 2050   

Sector Actual use SSP2 SSP4 

Urban 10 10 20 

Cattle 15 10 30 

Agriculture 55 40 60 

Mining and energy 13 15 18 

Industry 7 15 20 

Total 100 90 148 
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Table 3.3 Land use distribution (%) Magdalena. 

    use in 2050 

Sector Actual use SSP2 SSP4 

Urban 3 3 5 

Cattle 40 20 40 

Agriculture 4 12 8 

Mining (Hidro C.) <1 <1 2 

Mining (Metals) 20 20 40 

Nature 20 30 10 

Water bodies 15 15 10 

Total 102 100 115 

 

- With respect to the land use changes there also are differences between the two groups. Within 

the whole Magdalena basin a competition in land use arises from table 3.2. We can however not 

expand Colombian territory. We assume that this competition will be mainly between mining 

and nature and cattle and will reduce these categories proportionally. 

- In addition we feel that especially for the Magdalena basin the area used for mining is extremely 

high. This probably is the area covered by concessions. Since we want to couple land use to 

hydrology we need to know which part of these concessions are bare soil and which parts 

remain forest (degraded or not). We need to come up with good estimates for this for both 

Magdalena and Coello.  

Table 3.4 Distribution water demand in the Coello basin 

    demand in 2050   

Sector Actual use SSP2 SSP4 

Urban 20 25 30 

Environment 15 20 10 

Agriculture 59 45 40 

Mining  1 2 10 

Tourism 5 8 10 

Total 100 100 100 
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Table 3.5 Land use distribution (%) Coello. 

    use in 2050 

Sector Actual use SSP2 SSP4 

Urban 5 7 5 

Cattle 3 7 20 

Agriculture 54 40 30 

Mining 5 8 15 

Nature 30 35 25 

Water bodies 2 3 2 

Degraded soils 1 0 3 

Total 100 100 100 

 

 

4. Main conclusions and outlook 
 

 The Colombian expert groups were well able to qualitatively make future projections of socio-

economic changes. 

 The storylines and qualitative estimates of changes in land use and water demand provide a 

plausible and distinctive range and therefore solid basis to explore future impacts and solutions. 

 After checking the numbers with the participants, the scenarios, with some assumptions and 

together with the climate scenarios also developed in the project (will be reported separately), 

will be used to drive the modelling: 

o Water demand will feed into the water distribution model for the Coello 

o Land use will feed in the hydrological modelling of the Magdalena 

 The project will demonstrate the effects of different climate change projections in combination 

of land use and water demand changes and give an indication under what conditions with what 

return periods certain criteria for performance of the water supply and flood risk management 

cannot be met.   
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Appendix I Trends in governance 
 

Presión SSP2 SSP4 

Inequidad Disminuye lentamente Aumenta 

Presión gobernanza del agua Mas capacidad en manejo 

Mas conocimiento 
Mas políticas 
Mas concertación 
Mas presupuesto 

Planeación estratégica multi -
escala 

Menor gobernanza 

Políticas débiles 
Inequidad 
Sectores fuertes dominan el 
acceso y manejo del agua 

Seguridad alimentaria  Se mantiene puede aumentar  Disminución 

Soberanía en alimentación Disminuye por  incremento en 
tratados de libre comercio 

Disminución 
 

 

 

Presión SSP2 SSP4 

Control/planeación /monitoreo Aumento  Se mantiene como actual o 

Disminuye 

Balance entre gobierno nacional y local Descentralización  Fortalecimiento de la 

Centralización  

Intención en la inversión en Servicios 
públicos 

Incremento en los servicios 
públicos y privados 

Incremento en servicios 
privados estimulado por un 

gobierno neoliberal y central  

Inversiones en ciencia y educación Se mantiene Aumento en la Inequidad en 

las oportunidades de 
educación  y conocimiento, 
aumento de tecnología 
beneficiando solo al sector 

económico 

Acceso a tecnología Programas de actualización 

tecnológica, con tecnologías de 
punta adaptadas a las 
necesidades y condiciones del 
país. Procesos de apropiación en 

todos los sectores. 

Inequidad en el acceso a 

tecnología. Disponible solo 
para sectores industriales y 
productivos con recursos y 
privados 

 


