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A B S T R A C T   

Following the UNFCCC Paris Agreement, most nations made commitments within their Nationally Determined 
Contributions (NDCs) to adaptation and mitigation in agriculture. However, these commitments need to be 
assessed in relation with ground truth, including bio-physical and socio-economic limits to climate action. We 
propose a new framework for monitoring climate action by countries/regions, based on four dimensions—intent, 
need, scope and readiness for implementing adaptation and mitigation in agriculture. While “intent” reflects 
intended climate action by countries such as those mentioned in NDCs or NAPs (National Adaptation Plans) and 
NAMAs (Nationally Appropriate Mitigation Actions), “need” highlights vulnerability of a country’s agriculture to 
climate change and historical GHG emissions. The third dimension, “scope”, is related to the biophysical op-
portunities and limits to adapt or to mitigate. Finally, the “readiness” dimension considers a country’s current 
ability to implement various adaptation/mitigation actions and policies. The framework is illustrated with a 
global analysis, using selected indicators for each of these dimensions. Results indicate that 61 countries globally 
(including key food producers) should consider corrective action in their adaptation priorities. The framework 
presented in this paper can serve as a monitoring and evaluation mechanism for NDC implementation and 
tracking progress.   

1. Introduction 

Recent studies project a significant impact of climate change on food 
systems including gradual changes in climate and more frequent 
extreme weather events (IPCC, 2021). Food production, agriculture, and 
other land-use activities also account for 23% of anthropogenic emis-
sions (Rivera et al., 2019). Rising to these challenges requires adaptation 
and mitigation actions at different scales by stakeholders (Bapna et al., 
2019; UNFCC, 2017). Nationally Determined Contributions (NDCs), 
submitted by member nations under “The Paris Agreement” outline in-
dividual country pledges to climate action (UNFCC, 2016). Agriculture 
is one of the critical sectors in prioritizing national mitigation and 
adaptation plans across the NDCs for 148 and 131 countries respectively 
(FAO, 2016). This intent is very encouraging, however implementing 
these actions is highly contingent upon the alignment of critical drivers 
which affect their feasibility. Globally, very few monitoring and tracking 
frameworks for climate action are available. Most of them are either 

multi-sectoral in their focus or do not analyze climate action from a ‘food 
systems’ lens, and don’t consider the complexities and vulnerabilities of 
agriculture in a systematic way (Boehm et al., 2021; Hale et al., 2021; 
OECD, 2021). In addition, the available frameworks miss the interplay 
between adaptation and mitigation dimensions of agriculture, and a 
single framework which can monitor both, is missing. In this paper, we 
propose a new framework for monitoring climate action in agriculture. 
The framework helps in understanding the alignment of adaptation and 
mitigation actions planned in the NDCs with ground reality, and coun-
tries implementation potential to achieve the goals of the Paris Agree-
ment. The framework is aimed at aligning national policies (NDCs) 
towards common collective climate goals and enables a global assess-
ment of adaptation and mitigation actions in the agriculture sector. The 
framework can thus act as a diagnostic tool to identify priority areas for 
climate action and can be used to monitor and periodically track climate 
policies for agriculture. 
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2. Framework for monitoring climate action in agriculture 

The proposed framework examines four inter-related dimensions for 
climate action in agriculture-the intent, need for action, scope for action 
and readiness to implement (Fig. 1) at a national scale. Intended climate 
action should be aligned with a country’s need and scope for adaptation 
and mitigation in agriculture; and its readiness to implement activities, 
which is influenced by its policy landscape and enabling conditions. We 
focus on climate action (adaptation and mitigation) required until the 
2050s, as this period is critical to keep planetary changes within envi-
ronmental limits (Rogelj et al., 2016; Steffen et al., 2015) and supporting 
sustainable development. Each dimension and the potential data and 
indicators are discussed below: 

2.1. Intent 

In this framework we frame intent as commitment to do climate 
action. It is critical to understand a country’s intent to undertake action 
for climate adaptation and mitigation independent of its capacity for 
implementation. This intent can be judged by the policy actions and/or 
budgets allocated for this purpose. Inclusion of agricultural adaptation 
and mitigation actions in NDC documents, National Adaptation Plans 
(NAPs) and Nationally Appropriate Mitigation Actions (NAMAs) sub-
mitted to UNFCCC, along with other domestic policy measures can be 
used to represent the intent dimension of the monitoring framework 
(Kuramochi et al., 2020). There are multiple studies available to assess 
the intent for climate action through NDCs (Richards et al., 2015b) 
(FAO, 2020), but many are limited to specific regions or sectors. 

2.2. Need 

We include the need for climate action in this framework, as a set of 
conditions which necessitates adaptation and mitigation in a country. 
From a global policy perspective, climate action is needed by many 
countries to achieve the collective objectives of the Paris agreement, but 
the specific need for adaptation is also influenced by vulnerability and 
requirements of the country at national and sub-national scales. This 
need or requirement for adaptation in agriculture is often influenced by 
food security situation and climate change outlook for the country, 
among many other factors. In this analysis, we position the need for 
adaptation, as the balance between food demand and supply and its 

exposure to climatic risk—critical to identify potential food insecure 
regions. For example, if a country is food self-sufficient or produces 
surplus with high projected climatic impacts, it may be less likely to 
prioritize an increase in food production but rather focus on maintaining 
growth and implementing risk management interventions. These coun-
tries may still need to implement adaptation options to maintain growth 
and minimize future risks of climate change. On the other hand, if a 
country has a food deficit coupled with high projected climatic impacts, 
it may need to prioritize adaptation actions, even though trade can 
modify its response. 

The need for mitigation, on the other hand can be driven by histor-
ical emissions, current and potential future development pathways, food 
production priorities and land-use changes, among other factors (IPCC, 
2021). The need for mitigation and allocation of mitigation targets is 
highly context-dependent and there are various methods and tools 
available to estimate mitigation targets in agriculture (Frank et al., 
2017; Richards et al., 2018). 

2.3. Scope 

The scope for climate action as included in the framework, are a set 
of potential conditions which enables adaptation and mitigation in 
agriculture. In particular, the scope for adaptation in agriculture can be 
conceptualized as potential for adaptation, based on a country’s bio-
physical limits. The growth in crop production seen since the green 
revolution can be attributed mainly to an increase in productivity (yield 
gap closure) and crop area expansion (Bren d’Amour et al., 2017). The 
magnitude of the crop yield gap can be used as an indicator of sco-
pe—larger the gap, higher the scope for change. There are some studies 
and data available to measure crop yield gaps like (Mueller et al., 2012) 
and (http://www.yieldgap.org/), but these are limited by the number of 
countries analyzed. Diversification opportunities to expand livestock 
and fish culture could be additional indicators of scope. Expansion of the 
arable area for crop cultivation can be another criterion to assess the 
scope of adaptation through land-use change. 

Similarly, scope for mitigation is bio-physical potential for mitiga-
tion in agriculture in a country. Scope for mitigation can be assessed by 
several potential indicators. Emission intensity in terms of food pro-
duction (CO2 equivalent emissions from croplands and livestock pro-
duction per calorie or per unit of production) is a potentially useful 
criterion to understand the scope for mitigation in agriculture. It is 

Fig. 1. Framework for analyzing climate action for adaptation and mitigation in agriculture.  
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better than absolute emissions per ha of land because it reflects both 
emissions and food production, an important consideration for countries 
to meet their national food security targets. Emissions reduction po-
tential from the entire food production systems (including transport and 
other supply chain activties) can be another indicator that can represent 
the scope for mitigation. 

2.4. Readiness 

Readiness for climate action, as envisaged in this framework, is the 
enabling environment and preparedness for scaling out technologies, 
practices, and services for adaptation and mitigation in agriculture. We 
conceptualize it as the feasibility of implementing climate action, based 
on a range of socio-economic and other capacities of the nation. There 
are many indicators which can be chosen to represent readiness. Ideally, 
the readiness index should a) combine both biophysical and socio- 
political dimensions which adequately represent the readiness to 
implement climate action and b) represent most of the countries and 
should not be limited in its spatial scale. Available indicators which can 
be considered are global adaptation index (https://gain.nd.edu/about), 
change readiness index (https://home.kpmg/xx/en/home/insights/201 
9/06/2019-change-readiness-index.html) and World Bank’s enabling 
the business of agriculture (https://eba.worldbank.org/). 

3. Global analysis to illustrate the framework 

To illustrate the framework outlined above, we apply the framework 
using publicly available indicators and data, to represent the need, 
scope, readiness and intent for adaptation in agriculture (refer supple-
mentary information for more details). We have chosen global agricul-
ture NDC data (Richards et al., 2015a) to represent the intent for 
adaptation. Indicator for the need dimension is based on a recent anal-
ysis of the gap between national food demand and supply by 2050s, 
assessed along with projected impacts of climate change on food pro-
duction in the 2050s (Aggarwal et al., 2019). The scope for adaptation is 
envisaged as potential for adaptation in agriculture (we have limited the 
analysis here to crops and not included livestock), based on a country’s 
biophysical limits. It includes increasing crop production by reducing 
crop yield gaps and increasing cultivated area. To represent this, yield 
gap as % of attainable yields for cereal crops (maize, wheat and rice) was 
calculated (Mueller et al., 2012) and arable land as fraction of total 

agricultural land was estimated using land statistics from FAO (year 
2019). Notre Dame-Global Adaptation Index for the year 2019 
(ND-GAIN) (Sarkodie and Strezov, 2019) is a generic readiness indicator 
and includes water, health, food, ecosystems, habitat and infrastructure 
components, among others. In the absence of another suitable global 
indicator for agriculture, we have assumed that ND-GAIN also repre-
sents the differences in readiness (for implementing climate action) 
among countries for agriculture sector as well. Although we have chosen 
indicators that we believe adequately represent the various dimensions 
of the framework, there could be other suitable indicators that can be 
used. Future research on developing a specific readiness index for 
climate action in agriculture would be useful. 

Fig. 2 shows results for countries based on the four dimensions of the 
framework. The scope for adaptation, however, is represented by two 
variables— cereal yield gap and available arable land. Most of the 
higher-income countries are in the upper left quadrant of the graph, 
indicating high scope (due to possibility of expanding arable area 
despite having low yield gaps) and high readiness despite low to me-
dium need. On the other hand, lower-income countries, especially those 
of the African continent, are in the right lower quadrant of the graph 
indicating high scope and low readiness despite high need and intent. 
Many key food producers (like India, China, Brazil) have medium scope 
and readiness. The framework illustrated here is dynamic—the indicator 
for used for readiness is publicly available and updated every year (the 
ND-GAIN Index is available since 1995), which allows for tracking the 
progress of each country regularly. 

For ease of interpretation and visualization these results are grouped 
into twelve distinct classes—combinations of three classes of need (high, 
medium and low), and two classes for each of scope and readiness (high 
and low) (Fig. 3). Alignment of need with intent, scope and readiness is 
the key objective of the clustering analysis. Results show that most of the 
countries need to act urgently on adaptation. Countries (and regions) 
like Brazil, most of Sub-Saharan Africa and Central Asia, Bangladesh and 
Indonesia require focus on adaptation actions in agriculture, as their 
needs are high whereas scope and/or readiness are low. A few higher- 
income countries of northern and eastern Europe are also hotspots due 
to projected climate change impacts (Iglesias and Rosenzweig, 2009; 
Parry et al., 2004), and limited scope for yield gap closure and cropland 
expansion, despite high readiness. For these countries, food imports 
from other countries may be an effective adaptation pathway. In com-
parison, most of the higher-income countries of Western Europe, North 

Fig. 2. Illustration of framework with a scatterplot 
of intent, need, scope and readiness of different 
countries for adaptation in agriculture. Focus on 
adaptation (agricultue sector) in the NDCs of 
countries is taken as an indicator of intent. High 
need countries are those with a projected future 
food production deficit and high negative impacts 
of climate change (more than 10% loss), medium 
need countries also have similar food production 
deficit but low negative climate impacts (less than 
10%), and low need countries have negligible food 
production deficit and no negative climate impacts. 
Scope for adaptation is represented by cereal yield 
gap (percentage), and by the available arable land 
as symbol size. Higher the yield gap or available 
arable land, higher is the scope. Readiness for 
adaptation is illustrated by the ND Gain Index. (For 
interpretation of the references to color in this 
figure legend, the reader is referred to the Web 
version of this article.)   
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America and Australia have high readiness to adapt and variable scope, 
but their needs are low to medium due to limited food security concerns. 
Such countries have by and large not committed to adaptation actions in 
their NDCs. Globally, most of the countries have high to medium need 
for adaptation, and concerted efforts are required to align adaptation 
initiatives in agriculture with ground realities. 

4. Discussion and conclusion 

We highlight crucial takeaways from this study. First, the framework 
serves as a starting point to develop a comprehensive monitoring 
mechanism to track NDC progress. Similar mechanisms are already 
developed for other collective global goals such as the Sustainable 
Development Goals (https://sdg-tracker.org/). Most indicators which 
can be used for this framework are reported annually, thus enabling a 
temporal analysis. Future research integrating synergies and trade-offs 
between different components of the framework through modelling 
can further help enhance the current work. Second, results for adapta-
tion show a mismatch between the four dimensions of climate 
action—particularly amongst developing nations. We found that 61 
countries (52% of the total reviewed) have high need for adaptation but 
a mismatch between scope, intent and/or readiness. On the contrary, 
11% of the countries have low needs in adaptation, and a focus on 
adaptation in the NDC. Adaptation finance today accounts for only 5% 
of global climate finance, of which only 23% is invested in agriculture, 
forestry, land-use and natural resource management (CPI, 2018), and is 
well below what is required (Campbell et al., 2018; Odhong’ et al., 
2019). For developing countries with limited financial resources, 
alignment of policy initiatives with need, scope and readiness is essen-
tial, so that their fast depleting financial resources are used to support 
what they need at priority. 

The framework presented in this analysis would need periodic 
updating as its dimensions are likely to change with development and 
climate change scenarios. For example, the need for adaptation based on 
projected food supply and climate impacts for the 2050s (and future 
food security) may change based on demographic changes and actual 
emissions reduction achieved, respectively. The trajectories countries 

chose for socio-economic development and adaptation will likely affect 
their mitigation results and vice-versa (Deng et al., 2017). Dietary 
changes in future may drive feed expansion at the expense of food 
production (The Eat-Lancet Commission, 2019), and the current indi-
cator for scope (yield gaps) can only measure one dimension of food 
production, while leaving out other important issues like nutritional 
security and sustainable diets (Herrero et al., 2017; Springmann et al., 
2021). Further, productivity indicators like crop yield gaps also don’t 
account for other resources like inputs (fertilizer and water), labour and 
capital resources; and the likely impacts of climate change on 
resource-use efficiency (Ortiz-Bobea et al., 2018, 2021). Besides, pro-
jected land-use changes will influence the area available for farming, 
and it should also be included in the scope. Arable land expansion when 
used for intensive farming practices can come in direct conflict with the 
objectives of Paris agreement. However, it will continue to play an 
important role in food security policy agenda for many developing 
countries, and sustainable farming practices like climate-smart agricul-
ture, nature positive solutions (among others) can help in overcoming 
many of these trade-offs (Delzeit et al., 2017). 

In addition, the readiness dimension should not only represent cur-
rent capacity to implement climate action, but also future food systems 
innovations and transformational change targeted towards climate ac-
tion (Jaacks, 2021; Moberg et al., 2021; Steiner et al., 2020; van Delden 
et al., 2021). Policymakers across the world are also focusing on trans-
forming food systems using sustainable and climate-smart pathways, 
circular farming principles, and through innovations in technology 
(Godde et al., 2021; Herrero et al., 2020). Once successful, these in-
novations would affect all dimensions of the framework. Future research 
should aim to create global evidence and data for integrating some of 
these factors in the monitoring framework for climate action and find 
ways to track systemic changes and innovation capacity of the nations. 

To conclude, the Paris Agreement is widely viewed as an important 
policy and institutional framework for collective global climate action, 
especially for agriculture (Chand, 2020). The proposed framework 
provides a holistic way to contextualize and align climate change stra-
tegies with existing conditions and to help identify future trajectories. As 
countries learn to adjust to the new realities of climate change, scaling 

Fig. 3. Global assessment based on need, scope and readiness in adaptation for agriculture. For details of indicators, please refer to Fig. 2. High scope denotes yield 
gap more than 50% of the attainable yield and/or current arable land is less than 50% of the total agricultural land. Readiness for climate action of a country is 
considered high when ND-GAIN Index is greater than 0.5. 
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adaptation and mitigation will play a key role in changing the landscape 
of climate action across regions. 
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