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Abstract 

Food, land, and water systems are facing unprecedented change. The world’s population is projected to 

grow to approximately 10 billion people by 2050, while aging and declining in some regions. Global 

average incomes are expected to keep increasing at a slow but steady pace. With increasing incomes 

and the ability of consumers to purchase more and better food in combination with population growth, 

food demand is projected to grow substantially over the next three decades. Meanwhile, demographic 

changes and economic development also drive urbanization, migration, and structural transformation of 

rural communities. At the same time changes to precipitation and temperature as well as the 

occurrence of extreme events driven by climate change are becoming more prevalent and impacting 

society and the environment. Currently, humanity is approaching or exceeding planetary boundaries in 

some areas, with over-use of limited productive natural resources such as water and phosphate, net 

emissions of greenhouse gases, and decreases in biodiversity 

Much is published about food and agriculture and the supporting/underpinning land and water systems, 

but no single source focuses regularly and systematically on the future of agriculture and food systems, 

particularly on the challenges and opportunities faced by developing countries. This working paper is 

part of an effort by the CGIAR foresight team to help fill that gap. The effort recognizes that there is 

much to learn from past experience, and there are clearly many urgent and immediate challenges, but 

given the pace and complexity of change we are currently experiencing, there is also an increasing need 

to look carefully into the future of food, land, and water systems to inform decision making today.  
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Introduction 

Food, land, and water systems are being managed and utilized unsustainably; these unsustainable 

practices are occurring amidst a changing and developing society as well as interacting with a changing 

climate. As we look to the future to identify likely challenges and probable options for improving resource 

utilization and management, there are a range of unknowns and uncertainties. Research can help improve 

the evidence for informed decision-making. In order to attain this vision of environmental and socio-

economic resilience, we must leverage analytical views of the future to generate the evidence base 

needed to support better decision making from scientists, educators, investors or policy advisors. This 

report summarizes the characteristics of three major challenges, likely trajectories into the future, 

possible solution options, and uncertainties associated with trying to understand and manage them in 

sustainable ways. These three challenges can be synthesized into key messages as follows: 

a. Under expected pathways of socio-economic development and climate change, there are 
significant opportunities for improving the resilience of societies through integrated economic, 
governance as well as technical solutions as related to land and water systems and their 
management. Resilient agriculture and food systems have the potential to service as the 
foundation for resilience across the broader economy. 
 

b. Increasingly, climate change will contribute to and exacerbate existing challenges associated with 
the impacts of extreme events (floods, droughts, heatwaves, storms), and will affect, in a 
disproportionate way, those who are already vulnerable in agrarian based societies. These 
impacts are expected to worsen in the near- to mid- term (2030 - 2050) unless appropriate 
adaptation measures are taken at required spatial and temporal scales. 
  

c. Due to historical and current unsustainable use, increasing overutilization, poor management, 
and the impacts of changing climate, land and water resources will be under heavy pressure to 
support food systems and provide ecosystem services in the near (2030) and mid (2050) terms. 
Therefore, there is a need to identify and implement opportunities (2030 and beyond to 2050) to 
sustainably intensify and improving land and water management through approaches that 
integrate agricultural, land and water management systems, - especially in developing countries 
and regions of the world. 

Globally, the importance of these issues have been recognized and policy frameworks established, 
namely: the Agenda 2030 for Sustainable Development (https://sdgs.un.org/2030agenda); The Sendai 
Framework for Disaster Risk Reduction (https://www.undrr.org/publication/sendai-framework-disaster-
risk-reduction-2015-2030 ); The Paris Agreement (https://unfccc.int/process-and-meetings/the-paris-
agreement/the-paris-agreement ) as well as developing  frameworks, such as the Convention of Biological 
Diversity (https://www.cbd.int/convention/ ). Taking these policy directives and their adoption provides 
an enabling framework to tackle the challenges described in the three points above. This requires an 
understanding of system shocks, step changes, and specific adaptations at local, regional and global levels 
across different agroecological zones (nested scales). There is also a need to better understand system 
dynamics at a range of geographical and timescales in the context of sustainable development and 
adaptation.  

https://sdgs.un.org/2030agenda
https://www.undrr.org/publication/sendai-framework-disaster-risk-reduction-2015-2030
https://www.undrr.org/publication/sendai-framework-disaster-risk-reduction-2015-2030
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://www.cbd.int/convention/
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Here we place a specific emphasis on developing regions of the world in which individual country 
economies and regions are underpinned by agriculture, fisheries and aquaculture production, much of 
which is dominated by smallholders who often have to operate under constrained conditions. Many of 
the countries and regions we focus on are characterized by historical under-investment in fundamentals 
(e.g. in education, infrastructures, institutions), changeable governance, and associated low institutional 
and often individual technical capacity.  

Below we summarize the status of the forward-looking evidence around the three key issues highlighted 
above. 

Improving the resilience of societies 

To improve resilience, we need to understand the different socioeconomic and biophysical drivers that 

affect land, water and food systems directly or indirectly. Many societal changes in developing regions are 

driven by some key factors, primarily: population growth (a dominant signal across much of Africa and 

Asia), economic growth (Asia), and migration both from rural to urban centers as well as migration 

between countries and continents1.  Superimposed on this are the impacts of climate change – short- 

term fluctuations and increases in intra- and inter- seasonal occurrences of extremes (floods, droughts, 

and storms leading to landslides as well as heatwaves) as well as and long- term changes such as increasing 

temperatures and more variable precipitation patterns.  

Planning for changes in temperature and precipitation patterns (e.g. Amarnath et. al., 2019, 2021; Wada 

et. al., 2014) will both reduce vulnerability and improve resilience through methods such as early warning 

and innovative insurance mechanisms, improving integrated management and water productivity across 

sectors to ensure better productivity, enhancing ecosystem services, ensuring access to water and 

sanitation, and improving monitoring and access to information. 

While increasing production and reducing hunger are long-standing concerns, in recent years agricultural 

models have been linked to health models to explore how changes in drivers such as population, income, 

demand for resource-intensive commodities can affect health and environmental outcomes. Continued 

economic development and income growth will be a major driving factor in a broader transformation of 

the food system, leading to increased demand for animal-sourced foods, fruits and vegetables, and 

processed foods, with a range of health and environmental outcomes. Several recent studies             

(Springmann, Clark, et al., 2018; Springmann, Sacks, et al., 2018; Springmann, Wiebe, et al., 2018; Willett 

et al., 2019) argue that changes in diet will be needed to avoid unsustainable increases in the use of 

cropland, water and fertilizer. Such changes face significant challenges, however. Hirvonen et al., (2020) 

estimate that the cost of the EAT-Lancet reference diet exceeds household per capita income for at least 

1.58 billion people, which raises questions about equity and the social sustainability of such diets. The 

cost of the EAT-Lancet diet is assumed to remain as it currently is compared to the business as usual. 

However, this diet could potentially become much less expensive depending on changes in supply, value 

chains and taxation on unhealthy foods (Mytton, Clarke and Rayner, 2010; Springmann, Clark, et al., 2018). 

                                                           
1 Other important societal-level changes are driven by advances in communication technology, changes in financial 
systems, changes in dietary preferences, as well as broader changes in philosophical and religious preferences.  
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Building resilience requires understanding the link between ecosystem functions and services. In the past 

society focused more on provisioning services at the expense of regulating cultural and supporting 

services. In the future, there is a need for optimization across the nexus between socio-cultural, food 

systems and land and water systems, which requires understanding the trade-offs involved (Karki et al., 

2018; Panyadee et al., 2018; Rahman et al., 2011; Sharma et al., 2018). Building resilience also requires 

improving productivity so that we can produce enough food to adequately feed more than the world's 

growing population (to provide adequate security even in the case of system shocks), managing land and 

water competition to ensure that more suitable agricultural land remains available for production, 

understanding ecosystem linkages (Walker et al., 2010), providing early warning and post-event recovery 

measures (Kramer et al., 2019; Nkiaka et al., 2019; Street et al., 2019); and understanding how system 

shocks could affect our ability to adapt. This is true for both short-term shocks resulting in acute impacts, 

as well as medium- to long-term chronic changes (Benton et al., 2018)   

In general, under future socio-economic development and climate change, there are significant 

opportunities for improving the resilience of societies through integrated economic, governance as well 

as technical solutions as related to water and land system and their management. Starting with resilience 

of agricultural systems, given their role as the foundation of many economies, offers a sure bet when it 

comes to establishing broader, economy-wide resilient systems and populations. 

Climate adaptation and mitigation in agrarian based societies 
The impacts of climate change on agricultural productivity have the potential to be both positive and 

negative depending on crop and location. Evidence indicates that climate change has already reduced 

yields for some crops in some areas (Challinor et al., 2014; Lobell et al., 2011; Schlenker & Roberts, 2009) 

and it is expected to slow growth in agricultural productivity in most crops and regions in the future (FAO, 

2018; IPCC, 2014, 2019; G. Nelson et al., 2018; G. C. Nelson et al., 2014; Ruane et al., 2018; Wiebe et al., 

2015, Rosegrant et al. 2017). These estimates are generally based on expected changes in mean 

temperature and precipitation (Box 1). Climate variability and extreme weather events are also expected 

to have important effects on productivity, but these effects are not yet well-incorporated in global 

economic models. In addition, the debate is not settled on whether CO2 concentration may have a 

fertilization effect on crop yields (Ainsworth & Long, 2005; Ainsworth & Ort, 2010; Asseng et al., 2019; 

Sharkey et al., 2007) even if such positive effects were to occur, climate change impacts on the nutrient 

content of food crops (G. Nelson et al., 2018) may nullify the CO2 fertilization effects, both globally and 

regionally (Beach et al., 2019). Studies also show that adoption of technologies and practices consistent 

with a sustainable intensification approach such as heat and drought tolerant varieties, can reduce future 

climate change effects when adopted regionally (Islam et al., 2016; Robinson et al., 2016) and globally (M. 

W. Rosegrant et al., 2014), increasing yields and reducing resources use at the same time. 
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Box 1 – Climate projections – current strengths and gaps 

 

The issue of resource use is key especially because impacts and the need to adapt to climate change are 

largely transmitted through changes in hydrologic systems. Nearly half of the world’s population are 

already living in areas that are water scarce at least one month per year (Burek et. Al., 2016). On average, 

dry areas are becoming drier, wet areas wetter and water-related extremes such as floods, droughts, and 

storms become more frequent and intense. Future hydrologic variability will no longer look like the past, 

making planning more challenging. There is already a need for greater focus on populations vulnerable to 

water scarcity, lack of water services, and water-related extremes. Adaptation to climate change and 

assurance of food, water, energy, and environmental security will require intensifying that focus on 

reducing vulnerability to water-related extremes. Improvements will be required to water productivity, 

to integrated water resource planning, the management of distributed systems, to natural capital, to early 

warning systems, to monitoring networks, and equity. 

For adaptation what is often lacking is monitoring to understand the impacts of climate changes and 

interventions and knowledge on options for a 1.5 degree target as well as less or more stringent climate 

targets. The arguments for adaptation are further complicated by the challenges in defining national and 

regional opportunities according to cultural, economic and biophysical settings. If we are going to 

understand what interventions will be most effective and how we can optimize systems with multiple 

interventions across sectors, we will need better and more consistent monitoring data to understand the 

resource balances. 

Early warning and monitoring also applies to the threat from pests and diseases, which can have a 

devastating effect on agricultural production  (Oerke, 2006; Strange & Scott, 2005) and it is expected that 

climate change will further increase the frequency and severity of pest and disease outbreaks (Biber-

Freudenberger et al., 2016; Donatelli et al., 2017; Rosenzweig et al., 2001). The spread of pests and 

diseases, particularly under climate change, varies by region. Tonnang et al., (2015) suggest that in many 

parts of the world Tuta absoluta which attacks tomato plants can cause significant crop losses globally. 

In the near term (currently/now) we have good climate models that present a range of temperature 

and precipitation changes we expect to see at a global level. There are several resources offering 

consistent global quantitative data on estimated climate changes and associated impacts, including the 

IPCC reports, the IPCC Data Distribution Center, CMIP, and the ISIMIP database, while CORDEX 

concentrates on regional changes. Greater uncertainty exists at smaller geographical scales and for 

regional variation, nevertheless the understanding gained is still valuable in spite of the uncertainty.  

From a temporal perspective there is significant evidence, again at the global scale, on trends over years 

and decades (particularly with respect to temperature). What is less well known and carries a high 

degree of uncertainty, are short term, intra- and inter-seasonal occurrences of changes to other climatic 

parameters, such as precipitation, wind speeds, cloud cover, and other factors that affect the timing, 

frequency and intensity of extreme events like floods and droughts. This is fundamental for planning 

for both society and environment to mitigate and adapt for change, nowhere more compelling than in 

less developed and developing countries where there is a strong and heavy reliance on natural 

resources and ecosystems to support livelihoods associated with agriculture and food systems. 
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However, the damage is regionally varied, with moderate increases associated with climate change where 

the pest already exists and in areas where the climate is more temperate, and larger increases where 

temperatures are already warmer. Tar spot complex disease in the US could decrease maize production: 

even at a one percent decrease in production, global effects will be felt in low-income countries which are 

heavily dependent on imports from the US, alongside losses to the maize industry locally (Mottaleb et al., 

2019). Ex ante scenario analysis has also found that wheat blast in South Asia, particularly in areas of 

Bangladesh, India, and Pakistan could have devastating consequences and production losses pose a risk 

to food security in the region (Mottaleb et al., 2018). In general, shifts in cropping calendars, better 

weather forecast, adoption of different crops, and breeding for resistance to biotic stresses are all options 

to adapt to the potential increase in distribution of pests and diseases (De Pinto et. al., 2019). 

Global action on adaptation requires an improved understanding of the opportunities and constraints for 

climate change adaptation at national and sub-regional geographies in developing countries. This requires 

an elaboration of risks (hazards, vulnerability, exposure) and related outcomes at the disaggregated level. 

This has recently been highlighted by the establishment of the Global Commission on Adaptation. The 

2019 report (Global Commission on Adaptation, 2019) highlights three interconnected elements required: 

revolutions in understanding, planning, and financing. Only through these changes will it be possible to 

have a triple dividend of reduced losses, economic, social, and environmental benefits. The report 

suggests that significant net benefits may arise from policies and investments aimed at strengthening 

early warning systems, making new infrastructure resilient, improving dryland agriculture, protecting 

mangroves, and making water resource management more resilient. 

While agriculture is significantly affected by climate change, it is also a major contributor to greenhouse 

gas emissions (Tongwane & Moeletsi, 2018; Vermeulen et al., 2012), and is expected to become a 

proportionately larger contributor as efficiency gains are made in other sectors, including utilities and 

transportation. The production of some agricultural sectors appears to have smaller contribution to global 

emissions, but their relative contribution at the national scale can be much higher than global average. 

For example, GHG emissions from some crops in some regions are higher than from transport or industry 

sector. Thus, valid concerns have been voiced regarding the exacerbation of environmental degradation 

and climate change due to support measures that promote agricultural production with existing 

technologies (Mamun et al., 2019). 

Mitigation options and opportunities for climate change are relatively well understood, particularly at the 

global level, although concerns have been raised about the tradeoffs between stringent global climate 

change mitigation measures and food security. 

In moving towards a ‘de-carbonised’ world in which energy is increasingly provided by ‘renewable’ sources 

such as biofuels and hydro, it is necessary to better understand some of the trade-offs involved (Wu et. 

al., 2019). For example, Hasegawa et al., (2018) found that a carbon tax could decrease food security if it 

increases the cost of production, slows the expansion of agricultural land and increases demand for 

biofuels. This is not to say that mitigation measures are not essential, but rather that careful attention 

must be paid in their design to avoid unintended consequences. DePinto, (2020) shows that large-scale 

adoption of CSA (climate smart agriculture) can help break us loose from a trade-off between food security 

and emission abatement, thus creating potential win-win scenarios. Another important issue is the role 

of peatlands in storing carbon, the loss of which would release a significant amount of greenhouse gases 

(Silvius & Schrier, 2018); (Leng et al., 2019). Furthermore, soil and land systems at landscape scale are 



10 
 

increasingly threatened through drainage and drying caused by deforestation and expansion of 

agriculture (Roucoux et. al., 2017). 

In relation to the response to climate change it would seem the arguments and possibilities for mitigation 

are better advanced than for adaptation. For mitigation, with declines in GHG emissions from energy and 

transport sectors the relative increase in the role of agriculture, forest and land use (AFOLU) as an emitter 

will come into stronger focus. Given the reliance of many developing regions on agriculture there is a 

potential for significant impact on this sector. Sapkota et al. (2019) analyzed this potential for India 

showing that, by 2030, total emissions from agriculture may drop by 21% relative to the business as usual 

if technically feasible mitigation measures are adopted (e.g., improved water and nutrient management, 

restoration of degraded land, energy-efficient technologies, improved fertilizer production technologies). 

They also find that 80% of the total technical mitigation potential in Indian agriculture can be attained by 

adopting cost-beneficial mitigation options. Thus, the extent of adoption of various mitigation practices 

by farmers will be critical in achieving this mitigation potential. Likewise, Springmann, Clark, et al. (2018) 

analyzed the environmental impacts of increases in agricultural yields and changes in management 

practices (e.g., rebalancing of fertilizer application between over applying and under applying regions, 

increasing nitrogen-use efficiency and phosphorus recycling, improvements in water management, and 

agricultural mitigation options). They estimate that the environmental pressures of the food system fall 

by 3–30% relative to the 2050 baseline projection in medium-ambition scenarios, and by 11–54% in high-

ambition scenarios if those measures were implemented. 

 

Improving land and water management  

In the future (2020-2030 and beyond to 2050), to improve land and water management, especially in 

developing countries, integrated approaches to agricultural, land and water management systems will be 

essential. Interventions that result in improvements in economic, governance and technical management 

are likely to have greater chance of being accepted, acted upon and owned where local to regional 

involvement has been incorporated. Furthermore, investments along with enabling policies need to focus 

and direct efforts towards sustainable use and management of land and water resources (Afriyanti et al., 

2016; Hunter et al., 2017; Pastor et al., 2019). 

A recent multi-model analysis (Stehfest et al., 2019) finds that the balance between changes in population 

and agricultural productivity will be critical in determining pressure for future extensification of crop and 

pasture land over the next several decades. They find that land use policy and changes in consumption 

patterns can play a key role in reducing risks associated with land use change and food insecurity. Of the 

many approaches to offset negative externalities associated with agricultural intensification and land use 

change, it is important to recognize the role of both intra- and inter-specific agrobiodiversity. 

Agrobiodiversity can help address trade-offs between meeting complex needs of farmers, producing more 

nutritious food, reducing the need for potentially harmful or scarce inputs such as fertilizer, pesticides, 

and water, and maintaining healthy ecosystems. A study by (Enahoro et al., 2019) shows that 

agrobiodiversity-based interventions can help mitigate key ecosystem service losses while increasing 

production of animal-source foods. The report shows that trade-offs emerge between meeting the 

demand for animal source foods and maintaining ecosystem services. Interventions based on increased 
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crop productivity or more biodiverse systems, like agroforestry, show promise for mitigating losses to key 

ecosystem services. Moreover (Kozicka et al., 2019) show that increasing on-farm crop diversity can lead 

to higher socioeconomic system resilience, improve soil and human health, and provide higher incomes. 

Similarly, (Rosenstock et al., 2019) summarize the multiple avenues through which agroforestry interacts 

with planetary health, note the need for highly context-specific assessments and (Hughes et al., 2020) 

highlight the benefits of agroforestry for household asset accumulation while also pointing out the 

difficulties in achieving broad adoption.   

Loss of forest, other tree cover, and wetland ecosystems  as well as  degradation of mountain ecosystems 

and water sheds represents a major global threat to biodiversity and the supply of ecosystem services 

such as habitat provisioning, clean water, soil conservation and protection (FAO, 2019, Powers and Jets, 

2019)). Major immediate causes of forest and tree loss are logging and agricultural expansion, particularly 

those using fires (Busch and Ferretti-Galon, 2017, Purnomo et al., 2017; Vadrevu et al., 2019; Vijay et al., 

2016). These are driven by a variety of mediating factors (such as price, technologies, infrastructure 

development) and underlying causes (such as policies, governance) (Armenteras et al., 2017; Austin et al., 

2019; Gaveau et al., 2016; Jayathilake et al., 2020). 

Investing in natural capital and specifically improved soil and water management is key 

to achieving sustainability in agricultural production, and ensure long-term food security 

and economic benefits, along with health and wellbeing (Rockström et al., 2017; CGIAR, 2015; CGIAR 

2014).  This means that agriculture landscapes need to be managed in a way that supports the multiple 

ecosystem services flowing to and from agriculture (i.e. supporting, regulating and cultural, not just 

provisioning services). Maintaining a variety of ecosystem services promotes resilience to shocks, 

including climate shocks. It is a key tenet of both sustainable intensification and climate-smart agriculture. 

However, some aspects of natural capital are still poorly or not monitored, even as they undergo rapid 

degradation and depletion. For the farmer and land manager such degradation is in effect loss of natural 

capital at the point of impact. Whilst downstream water bodies receiving and transporting these 

degradation products, negatively impact socio-ecological functioning.  

Land and water degradation threaten food security of millions of people in the world, particularly for 

many of the poorest and most food insecure living in Asia, Africa and Latin America (Kaiser, 2004). Natural 

resource degradation leads to decreasing ecosystem resilience and provision of environmental services 

and contributes to persistent poverty (Costanza et al., 1997). 

Soil and land degradation have been closely associated with poor agricultural practices since the dawn of 

agriculture (IPCC 2019). In the last twenty to thirty years knowledge of the causes and consequences of 

land degradation has been improving; the issue has been increasingly gaining attention after the 

2008 food crisis (Kaiser 2004), because of a renewed look into the sources of vulnerability behind poverty 

and hunger (Nkonya et al, 2016). 

Land degradation is often defined as a decline or loss in land productivity, ecological integrity (e.g., 

biodiversity and ecosystem functions), or value to humans, caused by direct or indirect human-induced 

processes, especially expansion of crop and grazing lands, unsustainable agricultural and forestry 

practices and including anthropogenic climate change (IPCC 2019; IPBES 2018). About a quarter of the ice-

free land masses and estimated to be degraded  (IPCC 2019; Bai et al., 2015) leading to negative effects to 

the wellbeing of close to 3.2 billion people (Le et al., 2016), mostly living in developing countries. Land 

conversion and unsustainable land practices are estimated to have caused a 8% loss in global soil organic 
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carbon (36 GigaTons of carbon) in the last two centuries; another 36 Gt C are projected to be lost from 

soil by 2050 if land management is not significantly improved (IPBES, 2018). This estimate includes losses 

due to encroachment of cropland into natural lands and degrading land practices, with most of the 

losses originating from sub-Saharan Africa (IPBES, 2018). Thus, land degradation is one of the most 

important contributors to climate change through the release of soil carbon and nitrous oxide into the 

atmosphere.  

Land degradation and the ensuing loss of ecosystem services and land productivity seriously undermine 

the resilience of rural livelihoods to all shocks, from economic to bio-physical (e.g. biotic and abiotic 

stresses) including climate change. In all respects, degradation caused by unsustainable land 

management, most often motivated by the need for short-term gains, turns into long-term losses 

(Montanarella, 2018). As a result, avoidance of degradation from the start is a cost-effective strategy. 

Some regional studies have found that restoration, defined as “intentional activity that initiates or 

accelerates the recovery of an ecosystem from a degraded state” (IPBES, 2018), could provide benefits in 

terms of improved livelihoods that are ten times larger than the restoration costs (Montanarella, 2018). 

The extent and impacts of land degradation are such that meaningful improvements can be obtained only 

through a widespread effort. A global scenario analysis found that the inclusion of sustainable agricultural 

production in forest landscape restoration efforts can increase agricultural production, and food 

security by 2050, while also improve soil fertility and reduce greenhouse gas emissions on a global scale, 

with direct benefits to famers and to the global community (De Pinto et al., 2020). 

Poor land management practices have also a direct bearing on degradation of water resources. Erosion 

affects water quality and causes sedimentation of reservoirs; overuse of fertilizers and pesticides causes 

pollution, thus reducing both water use and availability for society and ecosystem functioning, as well 

as impacting coastal systems and their valued economies. Equally even simple changes to land 

management practices such as changing agricultural tillage practice can lead to a reduction in soil erosion, 

surface runoff and increased yields (Abidela et al., 2019). Destruction and degradation of wetlands and 

buffer zones (such as mangroves) impacts the regulatory ecosystem service functions through for 

example, increased flood and drought risk as well as ability to buffer water quality. Broad-scale 

degradation of freshwater resource systems remains a critical sustainable development 

challenge. Threats to human water security may very well intensify throughout the coming century, 

especially across regions already in crisis, or those hosting a rising middle class.  

As is the case for degraded land, costs to replace lost ecosystem services and degraded water resources 

is projected to grow several folds by mid-century, making immediate protection of water systems very 

cost effective. Proper watershed management practices have improved farm incomes and food security 

by about 50% and reduced the risk of crop failures from moisture stress by 30% (Gebregziabher et al., 

2016).  However, on one hand there is still a lack of technical expertise to support suitable interventions 

in local contexts, and advise on how they can be built up in a coordinated way; and on the other hand 

some of land and water interventions can represent large investments, and the benefits are still not fully 

understood (Adimassu et al., 2018). 

Despite the large impacts that loss of ecosystem services have on the poor, investments in sustainable 

land and water management remain low (Nkonya et al, 2016).  What is clear is that lack of action on land 

and water degradation is incompatible with building resilient and sustainable agro-ecosystems. Lack of 
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action on sustainable land and watershed management is also incompatible with mitigation targets to 

limit global warming to 1.5o or 2oC.  

Tackling  land and water systems degradation challenges is one of the means to meet poverty alleviation 

and sustainability goals (Costanza et al., 1997). Despite the large impacts that loss of ecosystem services 

have on the poor, investments in sustainable land and water management remain low. What is clear is 

that lack of action on land and water degradation is incompatible with building resilient and sustainable 

agro-ecosystems. Lack of action on sustainable land and watershed management is also incompatible with 

mitigation targets to limit global warming to 1.5o or 2oC. 

Good and efficient management of water systems requires first of all a good understanding of the current 

availability of water resources. This knowledge is already good at large scale, but it is better for surface 

waters compared to groundwaters. There is less agreement on current and future projections of water 

use and withdrawals, reflecting a lack of data in many regions of the world (Cuthbert et al., 2019; Satoh 

et al., 2017; Wada et al., 2013). Many of the world's river basins are either 'closed' or are 'closing', as 

water use within them exceeds or is approaching the amount of renewable water available (Molle et al., 

2010).  Similarly, there are extensive groundwater bodies in which extraction, largely for irrigation, is far 

in excess of the natural levels of replenishment. Water availability, while important, must also be 

considered alongside water quality. Agricultural intensification can lead to over-use of fertilizers which 

can lead to problems in water quality, such as eutrophication  (Xie & Ringler, 2017), and over-abstraction 

can lead to salinization  (Javier Mateo-Sagasta, Sara Marjani Zadi, 2018) and improper management 

leading to soil degradation (Adimassu et al., 2017; Hussein et al., n.d.).  At the same time many regions 

are experiencing the greater occurrence and intensity of extreme events, such as floods and droughts. 

These  have direct impacts on society and ecosystems, as well as indirect negative impacts on livelihoods 

through our ability to produce food   (Thornton et al. 2014). 

Targeted investments to increase agricultural productivity sometimes treat water availability as given and 

thus fail to account for water-use and extraction.  (Rosegrant et al., 2017) found investments in increasing 

productivity today can offset future increases in hunger due to climate change, but substantial reduction 

in hunger can also be achieved through investments that increase productivity while also targeting 

improved irrigation efficiency, and thus limiting groundwater extraction. However, investment costs 

increase significantly when these have to be done simultaneously. On the other hand, improving access 

to markets (e.g. through increased investment in infrastructure) may achieve similar food security goals, 

but at the expense of increased land conversion, and excessive water use – unless, again, R&D and water 

use efficiency are also part of the mix (Rosegrant et al., 2017).  

 

Implications and Gaps 

Collectively the interface of climate change, societal development (economic growth and migration) with 

management of land and water systems creates extensive opportunities (and challenges) for meeting a 

range of SDG’s (specifically 1, 2, 6, 7). 

There is a need to accelerate our understanding of potential economic, governance and 

technical/biophysical interventions which will allow the transformation of agricultural, fisheries and 
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aquaculture systems to meet the sustainability challenges faced by land and water ecosystems and the 

biodiversity they support. Within this context climate change mitigation and adaptation offer a significant 

opportunity. 

As noted above, there are a range of economic models focusing on or including the agricultural sector at 

global and country scales that offer insights on interactions between socioeconomic drivers (such as 

changes in population, income and technology) and biophysical drivers (such as land and water resources 

and climate change).  Socioeconomic drivers are expected to have larger effects than climate change on 

food demand and dietary change through mid-century (G. Nelson et al., 2018) . After mid-century, the 

impacts of climate change (under current projections) are expected to get worse, while demand-side 

pressures may ease as population growth slows and even reverses in many areas. Impacts of increasing 

climate variability remains an important gap.  

Links between land and water systems, food systems, and energy also require further research. Efforts at 

the global level and some selected regional basins on understanding the interface of water, energy and 

food (a ‘nexus’ approach) and the ability to understand these dynamics and model them have been 

reviewed by (Johnson et al., 2019) (Byers et al., 2018) have piloted an approach combining a number of 

land, water, energy indicators with climate scenarios and income indicators to suggest the occurrence of 

‘hot-spots’.  

Foresight methods have also been applied to improving understanding of the potential impacts of climate 

change on target populations such as poor livestock-keeping communities (Thornton, 2013) . Such studies 

have informed the prioritization of agricultural and livestock research for development and may further 

have use for policy formulation in the poverty-land use-environment nexus. Points of entry for better 

management and transformation of land and water systems include economic policies (incentives, 

taxation), governance changes (local, national, regional), enhancing and building capacity: both technical 

and biophysical. These solutions need to be implemented with a strong emphasis on reducing vulnerability 

and with the idea of increasing resilience through both mitigation and adaptation to global change. 

Underpinning many of these issues and needs are data and objective evidence. In the past the availability 

of data to drive our framing and understanding has been constrained by both capacity and technical 

means to collect data. However, over the recent past the acceleration of digital technologies are removing 

many of these constraints. For example, the use of remotely sensed data, the Internet of Things, Artificial 

and Machine Learning and social media generating and accessing multiple sources of data is almost at the 

stage of being overwhelming. What is now becoming a priority is how best to utilize these data and how 

they are collected and manages into supporting decisions and actions at multiple scales and in an inclusive 

manner (Wirths et. al., forthcoming and Ng et. al., 2021). 

 

Conclusion 
The text above provides a summary of some of the key pieces of evidence/citations that illustrate 

contemporary issues and imperatives to improve the management of land and water systems. The aim of 

this management is to assist society and the environment adapt and become more resilient in the light of 

a range of pressures created by society, principally, climate change, increasing population, increasing 

unequal wealth and migration. There is a raft of policies and frameworks to initiate the changes needed 
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together with underpinning evidence. What is needed is to translate this into systematic solutions that 

can be readily implemented. In turn this requires further deepening of understanding across society, more 

integrated and systematic planning and financing. 
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