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1 

Response and resilience of Asian agrifood systems to COVID-19: 1 

An assessment across twenty-five countries and four regional farming and 2 

food systems 3 

4 

Introduction 5 

During 2020, the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2; COVID-19) 6 

spread rapidly across Asia and the world, affecting health, food and agriculture, livelihoods and 7 

economies (di Marco et al., 2020; Laborde et al., 2020). The high level of infectivity of COVID-19 8 

prompted strong public health actions, including restrictions on local, domestic and international 9 

movements of people and promotion of good hygiene and social distancing, drawing in part on 10 

lessons from earlier viral pandemics (Peeri et al., 2020; CCSA, 2020). Nevertheless, at the end of 11 

2020, serious outbreaks were recurring across Asia and infections were continuing to spread around 12 

the globe (Appendix S1.1).  13 

The pandemic coincided with widespread sustainable development challenges which have 14 

intensified over time (Dixon et al., 2001; Beddington et al., 2012; Rockström et al., 2017; Pretty, 15 

2018; ADB, 2020a; FAO, 2020a; Rockström et al., 2020; Otsuka and Fan, 2021). Thus, policy makers 16 

expected that COVID-19 would severely reduce productivity and food security, especially of poor 17 

rural people (HLPE, 2020a; UNESCAP, 2020). Early estimates indicated that the pandemic could 18 

cause a doubling of the severely undernourished population and a surge in extreme poverty (FAO, 19 

2020a; FSIN, 2020; HLPE, 2020b) and major contractions of global and many national economies 20 

(World Bank, 2020a). Updated analyses for the Asia and the Pacific region suggest an increase of 89 21 

million of extremely poor and an overall 1 percent contraction of the regional economy, representing 22 

major setbacks for development in Asia (UNESCAP, 2021).     23 

However, relatively little was known about the nature of the effects of COVID-19 on food 24 

and agriculture. Hence, the Editors of Agricultural Systems invited rapid assessments of the initial 25 

effects of COVID-19 in different continents globally, including the Asia region (Stephens et al., 26 

2020). As the pandemic spread in Asia, various local surveys and modelling studies had been 27 

implemented in some countries in Asia (e.g., Amjath-Babu et al., 2020; Balwinder-Singh et al., 2020; 28 

FAO, 2020c; FAO, 2020d; FAO, 2020e; FAO, 2020f; Huang, 2020). Nevertheless, a major gap 29 

remained in knowledge about the nature and magnitude of COVID-19 effects on agrifood systems at 30 

the regional scale in rural Asia; we designed this study to address this gap.  31 

32 

2. Characteristics of Farming and Food Systems in Asia33 
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Of the 3.11 billion ha (bha) of land in Asia, in 2018 approximately 0.59 bha was annually 34 

cropped (equivalent to 38 percent of global cropland), 0.09 bha was under permanent crops, 1.08 bha 35 

was grassland and 0.62 bha was forestland (Table S3; FAOSTAT, 2020). Land uses vary greatly 36 

between the five sub-regions of Asia (East, Southeast, South, Central and West). Across the region, 37 

agriculture supported a rural population of 2.3 b, of whom a high proportion were poor and food 38 

insecure; the sector also supplies food to another 1.9 b urban residents (Tables S1, S2; FAOSTAT, 39 

2020). Rice, wheat and maize are the dominant cereals; vegetables, cotton, sugarcane, potatoes, 40 

legumes and oilseeds are widely grown as seasonal crops; fruit, tea, rubber, oil palm, coffee, spices 41 

and coconut are common perennial crops; and livestock, poultry and fish are also found through much 42 

of Asia (Dixon et al., 2001). For the purpose of this assessment, we focused on the farming and rural 43 

food systems (FFSs) but did not investigate rural health or urban food distribution and security – in 44 

contrast to many agrifood studies (Horton et al., 2016).  45 

Asian agriculture is dominated by smallholder families supporting more than two billion rural 46 

livelihoods through the production of diverse mixtures of food and cash produce from annual crops, 47 

horticulture, forestry, livestock and aquatic species (FAO, 2020g). Roughly two-thirds of the 48 

livelihoods are generated by farm families (inclusive of pastoralists, forest dwellers and fishers) and 49 

one-third is created in the associated value chains (Torero, 2020). Typically, Asian farms are managed 50 

by households as integrated production-consumption systems within local communal, landscape and 51 

institutional settings. Many food system chains are in transition and comprise both traditional and 52 

modern technologies and instituti6nal arrangements. Traditional chains generally feature labour-53 

intensive operations linking farm production with towns, cities and international markets. In contrast, 54 

modern capital-intensive food system chains often feature large processors, supermarkets and 55 

exporters which might account for 20-45% of chains (Reardon et al., 2020).  56 

In Asia, four broad regional FFS zones can be mapped (Figure 1): lowland rice based (LRB); 57 

irrigated wheat based (IWB); hill mixed (HM); and dryland mixed (DM). Each FFS is characterised 58 

by contrasting patterns of resource availabilities, production mixes, provisioning services, food 59 

marketing arrangements, rural consumption patterns, off-farm income and livelihoods, and 60 

development trajectories (Table 1). To illustrate the contrasts between these four FFSs, the LRB FFS 61 

contains an average population density of 9.1 persons ha-1 cropland, IWB FFS contains 6.2 persons 62 

ha-1, HM FFS contains 3.2 persons ha-1 and DM FFS contains 0.9 persons ha-1 (Table 1). Naturally, 63 

within each FFS there is a degree of embedded heterogeneity, such as farm sizes and value chains 64 

arrangements (Dixon, 2019).  65 

The LRB FFS zone produces rice and other cereals, pulses, oil crops, vegetables, fruit trees, 66 

livestock, aquaculture and artisanal fishing, and is found in deltas, coastal and hinterland areas and 67 

some major irrigation schemes in inland plains in all sub-regions. The system contains some major 68 

food bowls of the region with well-developed infrastructure, e.g., a road density of 1.07 km Mha-1, 69 
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and often short complex supply chains to major cities, especially for perishable vegetable, livestock 70 

and aquatic food products. 71 

The IWB FFS zone differs in structure and function from the LRB FFS, and features wheat, 72 

pulses, oil crops, cotton, vegetables, fruit trees and livestock – including perishables such as fresh 73 

vegetables and milk. The system is located in inland irrigated plains in four of the five sub-regions, 74 

and underpins important Asian food bowls, especially where wheat is combined with rice. The degree 75 

of mechanisation is greater than for other FFSs, and the system features a mix of modernizing and 76 

traditional input and food system chains. 77 

78 

Figure 1: Map showing four principal farming and food systems in Asia (prepared by 79 

IRRI GIS Unit, consolidating and updating Dixon et al., (2001)) 80 

The HM FFS zone is located in the low to high altitude hills and mountains, spans tropical to 81 

cool temperate climates and produces a variety of staples depending on altitude, as well as pulses, oil 82 

crops, vegetables, forest products and livestock. The system is predominantly rainfed often 83 

supplemented by limited irrigation in valleys, suffers a high level of poverty, has limited 84 

infrastructure, e.g., a road density of 0.67 km Mha-1, and contains some important specialised value 85 

chains for cash crops (e.g., vegetable seeds), horticultural and livestock products. 86 

The DM FFS occurs in tropical, sub-tropical and temperate semi-arid and arid areas across 87 

four of the five sub-regions, excluding high altitude mountains and plateaux within the HM FFS. The 88 
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system features mixed rainfed crops and often extensive grazing of livestock, interspersed with 89 

irrigated grain and forage cropping niches (large-scale schemes are included in the LRB or IWB FFS), 90 

and suffers from a high level of poverty and relatively poorly developed infrastructure. The system is 91 

challenged by high climatic variability and frequent droughts. Many of the input and produce market 92 

chains long distance and traditional.  93 

Further characteristics of the four FFS appear in Table 1.  94 

Table 1: Common characteristics of farming and food systems (FFSs) in Asia 95 

Characteristics Lowland rice 

based FFS 

Irrigated wheat 

based FFS 

Hill mixed 

FFS 

Dryland mixed 

FFS 

Land area (Mha), 

population density 

(persons ha-1,  

in brackets) 

0.255 (2.5) 0.299 (1.2) 0.775 (0.8) 1.271 (0.2) 

Crop area (Mha), 

population density 

(persons ha-1,  

in brackets) 

0.069 (9.1) 0.061 (6.2) 0.199 (3.2) 0.215 (0.9) 

Road density 

(km Mha-1) 

1.07 0.82 0.67 0.76 

Nature of food 

system chains  

Close to cities; 

short complex 

chains, mixed 

traditional and 

modern 

Medium distance 

from cities; 

medium length 

modernising value 

chains, some 

modern cold chains 

for perishables  

Distant from 

cities; medium-

long value chains, 

predominantly 

traditional 

Distant from 

consumption 

areas; often long 

traditional value 

chains 

Common foods 

consumed and diet 

diversity 

Rice, legumes, 

maize, 

vegetables, fish, 

meat, milk, eggs 

(high diet 

diversity) 

Wheat, rice, pulses, 

vegetables, meat, 

milk, eggs  

(medium diet 

diversity) 

Wheat, rice, 

barley, 

buckwheat, 

maize, millet, 

pulses, fruit, 

vegetables, meat, 

milk, eggs (high 

diet diversity 

Sorghum, millet, 

wheat, barley, 

pulses, meat, milk 

(low to medium 

diet diversity) 

Main livelihoods Food crops Food crops (wheat, Food crops Food crops 
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(rice, legumes, 

maize, 

vegetables), 

cash crops, 

aquaculture, 

livestock, off-

farm income  

rice, legumes, 

oilseeds,  

vegetables), cash 

crops (cotton, 

forages), livestock, 

off-farm income 

(wheat, rice, 

barley, 

buckwheat, 

maize, millet, 

horticulture), 

agroforestry, 

livestock, off-

farm income 

(sorghum, millet, 

wheat barley, 

pulses), cotton, 

extensive 

livestock, off-

farm income 

Main 

vulnerabilities  

(ecological, 

climatic and 

economic)  

Flood, 

typhoons, 

salinity, 

drought, pests, 

diseases, labour 

supply, markets, 

climate change 

Irrigation water 

supply, climate 

(extremes in 

temperature, 

rainfall), pests, 

diseases, labour 

supply, markets 

Drought, soil 

erosion, 

landslides, land 

degradation, 

market volatility, 

climate change 

Drought, heat 

waves, land 

degradation, 

market volatility 

Notes. Author estimates supported by land and population estimates prepared by IRRI GIS Unit, 96 

consolidating and updating Dixon et al., (2001); the four FFS contain more than 80 percent of total 97 

regional area, cropland and rural population. 98 

  99 

3. Approach to assessment 100 

      101 

3.1 Conceptual framework to assess the effects of COVID-19 on FFS 102 

The COVID-19 shock to FFS was the most recent of a plethora of diverse shocks to agrifood systems 103 

during recent decades (Berchoux et al., 2019; Dixon et al., 2020a; Lioutas and Charatsari, 2021). 104 

Approximately 84 percent of people affected by disasters during 2000-2018 lived in Asia, for which 105 

weather is the predominant cause (ADB, 2019). In contrast to the sudden onset and long duration of 106 

the COVID-19 pandemic, agricultural shocks from drought generally have a slow onset, directly 107 

affect plant and animal productivity and livelihoods (Amare et al., 2018). As with COVID-19, the 108 

indirect effects can extend for many years. However, many plant diseases and pests, e.g., wheat rust 109 

and locusts respectfully, have sudden onset and can be catastrophic. Generally, public health measures 110 

to contain pandemics such as COVID-19 affect both farming and food systems, largely indirectly. 111 

Agricultural production policies and welfare policies such as cash payments and food distribution 112 

have more direct effects. The resilience of each FFS influences the degree of disturbance and the 113 

speed of recovery (Perrings, 2006; Folke, 2016; Meuwissen et al., 2019).  114 

National and regional governments, local communities, health and educational systems, 115 

businesses and families are confronted with many difficult decisions for coping with the pandemic. To 116 
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understand the short- and medium-term effects of COVID-19 on FFS, we conceptualised a system 117 

framework (Figure 2). The interdependence embedded in this systems framework is essential for 118 

understanding the linkages between health measures, policies, markets, FFS and food and nutrition 119 

security, and identifying appropriate recovery programmes (di Marco et al., 2020). Direct effects of 120 

COVID-19 on labour, markets and policies elements and their different indirect effects on each FFS 121 

are expected to affect, in turn, rural food security and FFS resilience. 122 

123 

124 

Figure 2: Systems framework for COVID-19 effects on farming and food systems (dashed lines 125 

and overlapping components represent major direct and indirect pathways for COVID-19 effects 126 

investigated in this research) 127 

The elements presented in the conceptual framework (Figure 2) and their effects on the four 128 

FFSs were studied using primary and secondary information supplemented by national reports and 129 

databases. 130 

3.2 Methods 131 

3.2.1 Study sub-regions and countries 132 

This analysis covers five Asian sub-regions: East, Southeast, South, Central and West. Twenty-five 133 

countries were selected, excluding countries with fewer than 2 million inhabitants (see Tables S1, S2 134 

and S3 for key agricultural and food statistics for these countries): East Asia (China, Japan, Mongolia 135 

and South Korea); Southeast Asia (Cambodia, Indonesia, Laos, Malaysia, Myanmar, Philippines, 136 

Thailand and Vietnam); South Asia (Bangladesh, India, Nepal, Pakistan and Sri Lanka); Central Asia 137 
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(Azerbaijan, Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan, Uzbekistan); and West Asia 138 

(Afghanistan and Iran). 139 

140 

3.2.2 Farming and food systems 141 

The four FFSs cover most of rural Asia (Figure 1, Table 1). Many farm families depend on their own 142 

production for a major part of their diets (Rawe et al., 2019), supplemented by locally produced foods 143 

from local markets. Landless workers obtain a major part of their diets from these local markets. 144 

The conceptual model characterizes the pathways and drivers influencing the different effects 145 

on each FFS and potentially food and nutrition security (FNS) and system resilience (Figure 2). The 146 

systems model for this study was developed by a core group of authors. In the model, local food and 147 

labour markets were linked to FNS outcomes for rural farm- and non-farm-households (in contrast to 148 

urban residents who depend on food supply chains from farms). Productivity, natural resource, 149 

economic, human and social aspects of resilience were considered for each FFS. Naturally, 150 

interdependencies and feedback loops were expected to be important and common (di Marco et al., 151 

2020). Direct effects of COVID-19 could include reduced availability of labour for farm operations 152 

and policies to limit community spread of the virus, protect vulnerable populations and stimulate 153 

agriculture (Mandal et al., 2020; Stephens et al., 2020). Indirect effects of COVID-19 on FFSs were 154 

expected from labour migration following job losses, disrupted markets caused by movement 155 

restrictions, improved disposable income of farm households from welfare programmes (Amjath-156 

Babu et al., 2020) and policy and programme support for farm production and marketing. Labour and 157 

gender themes were considered to be closely related, and market and policy effects were expected to 158 

be strongly interdependent. These four elements could influence FFS performance, sustainability and 159 

resilience (FAO, 2020a). These connections and interdependencies informed the design of 160 

information acquisition, analysis and presentation of results in this paper. 161 

162 

3.2.3 Information acquisition and analysis 163 

Following the framing of the Agricultural Systems Special Issue Editorial (Stephens et al., 2020), 164 

region-wide information collection was organized on a country-by-country basis from key informants, 165 

interviews, local surveys and focus group discussions (FGDs) coordinated by country focal points, 166 

supported by grey literature and published reports. Based on the conceptual systems model, the core 167 

group of authors developed three rounds of questionnaires, informed by theory and practice of 168 

farming systems (Dixon et al., 2001, 2019), food markets and policy (Devereux et al., 2020; Qureshi 169 

et al., 2015), resilience (Meuwissen et al., 2019; Musumba et al., 2017) and sustainable development 170 

(Pretty, 2018). The three rounds of questionnaires focused on: the short-term effects of COVID-19; 171 

the timelines of the pandemic and policy responses; and probable medium-term effects and 172 
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implications for recovery. Approximately half the questions were scoring assessments of FFS 173 

vulnerability and the relative severity of COVID-19 effects using Likert scales – generally on a 0-5 174 

scale. Likert scales are popular for social science assessments, for example, for food security by 175 

USAID (Coates et al., 2007) and FAO (Cafiero et al., 2018), and for SDG awareness (Manolis and 176 

Manoli, 2021). The remaining questionnaire content comprised closed and open-ended questions on 177 

drivers of, pathways to and implications of, COVID-19 effects, supplemented by listings of local 178 

reports, studies, media accounts and databases (Appendix S2). 179 

Twenty out of 25 study countries were selected for the collection of key informants’ 180 

assessments based on relevance to the study themes and the availability of suitable country focal 181 

points (Table 2; Table S6). FFSs were purposively sampled across the 20 countries, omitting countries 182 

with a small area of any particular FFS: consequently, the LRB, IWB, HM and DM systems were 183 

investigated in 15, 9, 13 and 8 countries, respectively (Table 2). Within each selected FFS-country 184 

pair, two representative focal areas (often Provinces, States or Districts) were purposively selected 185 

(Table S6) subject to the availability of key informants and relevant information on COVID-19 186 

effects.   187 

Table 2: Selected farming and food systems by country, and number of informants 188 

Country Lowland rice 

based FFS 

Irrigated wheat 

based FFS 

Hill mixed 

FFS 

Dryland mixed 

FFS 

Afghanistan Y Y Y 

Bangladesh Y 

Cambodia Y 

China Y Y Y Y 

India Y Y Y Y 

Indonesia Y Y 

Japan Y 

Kazakhstan Y Y 

Kyrgyzstan Y Y Y Y 

Laos Y Y 

Malaysia Y Y 

Myanmar Y Y Y 

Nepal Y Y 

Pakistan Y Y Y Y 

Philippines Y Y 
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Sri Lanka Y Y 

Tajikistan Y Y 

Thailand Y Y 

Uzbekistan Y 

Vietnam Y 

Sample number 

of FFS 

locations 

15 9 13 8 

Number of 

informants 

1409 397 310 366

(Y identifies the FFS in which questionnaires were applied by study country. Additional information 189 

is available in Table S6. Number of informants is based on reports from 17 of the 20 surveyed 190 

countries).    191 

Three rounds of questionnaires were administered by country focal points in the 20 countries 192 

sourcing information from key informants and reference to local reports and databases during June, 193 

July, and August 2020. Key informants included researchers, university staff, government officials, 194 

NGOs personnel, extension staff, farmers, agricultural company managers and traders; and in 195 

addition, information was drawn from ongoing or specially commissioned farm surveys. Country 196 

focal points acquired information from 2504 informants in total, of whom 4 percent were policy 197 

makers, 12 percent were researchers or extension agents, 65 percent were farmers, and 19% others 198 

(Table 2; Table S6). The questionnaires completed, including the consolidation of key informants’ 199 

assessments, by experienced senior country focal points with good knowledge of the selected FFS and 200 

the effects of COVID-19 (Crandall et al., 2018): generally, one focal point was identified in each 201 

country, except for China and India in which three country focal points were identified in each 202 

country to ensure expert coverage of the diverse agriculture and food conditions.  203 

FFS characteristic and COVID-19 effect scores were compiled in Excel and responses were 204 

tabulated. Given the purposive sampling and use of key informants to acquire field assessments, we 205 

present the results of the Likert-type data on FFS characteristics and COVID-19 effects using 206 

frequencies, bar-charts and radar charts based on medians (Boone and Boone, 2012; Tastle and 207 

Wierman 2006). In the case of quantitative data points or composite indicators constructed during 208 

analysis, means were reported instead of medians (Allen and Seaman, 2007; Boone and Boone, 2012). 209 

The interpretation of results was led by the core group who designed the study.  210 

211 

4. Results212 
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The following sub-sections summarise the reported COVID-19 infection caseloads, key effects on 213 

each of the four FFSs, and comparisons across FFSs, supported by details in the Supplementary 214 

Materials.  215 

216 

4.1 Farming and food systems caseloads 217 

Since the first reported case of COVID-19 in Wuhan, China during December 2019, the cumulative 218 

number of reported cases increased to 84 million globally and 15 million in the Asian study countries 219 

by 31st December 2020 (Table 3); and the reported mortality was 1.82 million globally compared with 220 

277 thousand in the Asian study countries. The rates of reported infections and deaths per million 221 

population in Asia were 3,557 and 64 respectively, less than one-third of the equivalent global rates. 222 

South Asia (especially India and Nepal) and Central-West Asia (most countries) exceeded the Asia 223 

regional average level of infection (Table 3; Table S4). Asia suffered from repeated waves of 224 

infection during 2020. In fact, nearly half of the study countries reported peak daily cases (7-day 225 

averaged per million population) during the last quarter of the year, viz, during October (Myanmar 226 

and Nepal), November (Laos and Mongolia) and December (8 countries; Azerbaijan, Indonesia, Iran, 227 

Japan, Malaysia, South Korea, Sri Lanka and Thailand; Table S4, Figure S1).  228 

229 

Table 3: Reported caseloads and mortality in the 25 study Asian countries by sub-230 

region 231 

Sub-region Cumulative cases 2020 – M 

(per M population) 

Cumulative mortality – 

thousands (per M population) 

East Asia 0.4 (244) 8.9 (6) 

South-East Asia 1.5 (2,215) 34.6 (52) 

South Asia 11.6 (6,369) 168.5 (93) 

Central and West Asia 1.9 (9,276) 64.9 (322) 

Asian study countries 15.3 (3,557) 277.0 (64) 

World 83.5 (10,711) 1,818.3 (233) 

Source: Johns Hopkins University (2021), University of Oxford (2021), effective 31 December 2020. 232 

See details in Table S4 and Appendix S1. 233 

The morbidity and mortality due to COVID-19 directly affected the labour supply and 234 

productivity in food production and distribution. In addition, the public measures to control the 235 

pandemic led to many indirect effects on FFSs, for example, through labour migration, limitations on 236 

fieldwork and breakdown of input and produce marketing chains. Other indirect effects arose from 237 

COVID-19-related public policies for production support, food distribution and welfare payments, as 238 
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well as adjustments to management decision by farm families and value chain enterprises. These 239 

direct and indirect effects were particularly evident during the initial wave of infections and policy 240 

responses.  241 

242 

4.2 Effects of COVID-19 on farming and food system 243 

4.2.1 Lowland rice based farming and food system 244 

The circumstances of the LRB FFS prior to the pandemic influenced the nature and magnitude of the 245 

effects of COVID-19 on the system. Prior to the pandemic, the LRB FFS was considered critical to 246 

national food self-sufficiency in most countries (Figure S2; median score 3.51). In this FFS, on-farm 247 

diversification and supply of fruits, vegetables, animal products and fish to cities were common (3.0), 248 

many farms provided food grains to the cities, and many families received off-farm income. The 249 

laborious nature of LRB operations incurred some labour shortages, and male labour shortages were 250 

common. This populous system benefited from relatively effective infrastructure, market chains and 251 

food policies, notably minimum support prices and public food grain stocks (3.0; Figure S8), which 252 

contributed to the resilience of the FFS prior to the pandemic.   253 

As COVID-19 struck the LRB FFS, Governments responded initially with movement 254 

restrictions including lockdowns, and relief programmes including food distribution, social protection 255 

and market support programmes were significant (2.0 -3.0) for the LRB system (Figure S6). The 256 

effects increased slightly from March to April (around 2.0), then declined slowly in ensuing months 257 

even though the COVID-19 caseload increased, because of adjustments by LRB farm families and 258 

market chain operators, and expansion of public agricultural support and social protection 259 

programmes. In relation to the lockdowns to control the spread of the pandemic, the overall effect on 260 

LRB system input markets was moderate (3.0; Figure 4), although the effects on individual inputs 261 

varied (Figure S7). LRB system produce marketing channels were moderately disrupted (3.0) and 262 

affected prices (Figures 4, 9; Amjath-Babu et al., 2020). In practice, the widespread disruptions of 263 

harvesting and marketing of perishables, e.g., aquaculture, horticulture, and reduced produce prices 264 

(3.0) was greater than for food grain delivery to cities (2.0; Figure 9). These market and price effects 265 

combined to reduce farm incomes. Among the range of COVID-19-related policies and regulations, 266 

the LRB system was moderately affected, negatively, by movement restrictions and urban-rural 267 

migration, but benefited from market support and social protection programmes (Figure 10). LRB 268 

production, marketing and food security benefited particularly from input subsidies, irrigation and 269 

mechanization (Figure S10).  270 

1
 Median scores in the range from none (score 0), medium/common (score 3.0) to very severe/intense (score 

5.0). 
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In general, the LRB system experienced a limited to moderate influx of returnees from cities 271 

and internationally, in part because of proximity to large cities. The returnees placed additional 272 

pressure on rural food systems but had a minimal effect (1.0) on reduction in labour scarcity. 273 

Movement restrictions affected male labourers more than female workers. There was minimal gender 274 

disruption in the LRB system, mainly for women farm and off-farm work, income, food and 275 

economic security, engagement in LRB value chain (wage worker, entrepreneurs, traders, etc.) and 276 

workload in the household. 277 

278 

Figure 4: Selected effects on LRB farming and food system (effect median scores: 0 none, 5 very 279 

severe/many) 280 

Overall, the effects of COVID-19 on LRB FFS were moderate disruptions in supply and 281 

produce chains, labour and gender equity. Moderate effects on food and nutrition security 282 

(availability, access and utilization) in the medium- to long-term (2.5-3.0; Figure 13) were expected. 283 

The magnitude of the effects was moderated by a degree of resilience of the LRB FFS, partly because 284 

of pre-COVID-19 enabling policy settings which reduced vulnerability, for example minimum 285 

support prices, food grain stocks, social protection and credit provision (Kumar et al., 2020). The 286 

recovery of the LRB system to the pre-COVID-19 status was rated 74 percent by August 2020, when 287 

averaged across five sustainability domains (productivity, economic, natural resources, food security 288 

and social capital). The pandemic was also expected to reduce moderately the long-term sustainability 289 

of the LRB FFS (3.0, although more severe for natural resources; Figure 12).  290 

291 

4.2.2 Irrigated wheat based farming and food system 292 

The relatively well-developed IWB FFS is a major source of food calories and protein with significant 293 

levels of market access, input use, mechanisation and productivity. Prior to the pandemic, very many 294 

farm households were self-sufficient in basic foods (4.0), and on-farm diversification and off-farm 295 

income were common (3.0; Figure S3). Many farms produced surplus food grains for feeding cities 296 

(4.0), and the supply of fruit, vegetables, animal and aquatic-sourced foodstuffs to cities was common 297 
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(3.0). Neither male nor female labour was particularly scarce (2.0). Moreover, a diverse set of 298 

agricultural policies supported the resilience of the FFS to the external shocks (2.5).     299 

The effects of movement restrictions on IWB FFS were most severe during March and April 300 

2020 (2.5; Figure 8) wherein household income was badly affected. Food self-sufficiency and food 301 

grain supply from the IWB FFS were affected in the South and Central Asian parts of the FFS, 302 

although less so in East Asia. Given that the IWB system zone contains many megacities, there was 303 

very substantial labour influx from cities to the IWB system areas (4.0). The movement restrictions 304 

had only moderate effects on labour (3.0; Figure 5) and input marketing channels (2.5) since many 305 

governments facilitated access to seed and fertilisers for food grain production (e.g., Bangladesh, 306 

China and India). Both local markets and market chains for perishables, e.g., milk, vegetables, were 307 

severely disrupted (4.0; Figure 9) in the early stages of the pandemic, whereas disruption of food 308 

grain markets was limited (2.0).  309 

COVID-19-related policies affected the IWB FFS directly, notably food distribution and 310 

welfare payments, as well as indirectly, for example labour migration and movement restrictions. 311 

Many national governments declared farming and food distribution, especially of staples including 312 

wheat, as essential services. As a result, disruptions of wheat and pulse grain markets were minor 313 

(1.0; Figure 5). In general, pre-COVID-19 agricultural policies played a modest role in reducing the 314 

vulnerability of the IWB FFS to the pandemic (2.5; Figure S3). In particular, food grain stock policies 315 

were important, and also machinery services, fertilizer subsidies and minimum support prices. In 316 

relation to COVID-19-induced policies affecting the IWB system, those related to urban-rural 317 

migration and to non-wheat markets had very strong effect (4.0; Figure 10). The most effective 318 

COVID-19-related policies implemented in the IWB system were welfare and poverty alleviation 319 

programmes, notably in China, India, Nepal, Pakistan and Uzbekistan (Figure S9). 320 

321 

322 

Figure 5: Selected effects on IWB farming and food system (scores: 0 none, 5 very severe/many) 323 

The effect of the pandemic on gender dynamics was medium (3.0; Figure 5) on many aspects, 324 

including farm and post-harvest work, income and economic security, livelihoods and food security, 325 
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off-farm wage work, entrepreneurial activities and household chores (Figure S11). Women’s 326 

economic security was the most severely affected (3.5), and their involvement in farm activities was 327 

least affected (2.0). There was a moderate increase in women’s workload in the home because of 328 

home-schooling of children and the enlarged household as members returned from cities or 329 

internationally. 330 

There were interactions between some FFS characteristics, e.g., small farm size, cropping 331 

intensity, high on-farm diversification and support prices, which influenced the magnitude of the 332 

effects of the pandemic. The interaction between mechanisation, input subsidies and market function 333 

in the IWB FFS affected its resilience, productivity and sustainability. Wheat harvesting and 334 

marketing were delayed to varying degrees across South Asia because of skilled labour shortages. 335 

This delay caused later planting of subsequent rotation crops, especially cotton and rice in South Asia 336 

and cotton in Central Asia. The prevalence of mechanised harvesting partially alleviated the problem. 337 

Overall, food and nutrition security was moderately affected, especially access and utilization (3.0; 338 

Figure 13) and the medium- to long-term sustainability of the IWB FFS was severely affected (4.0; 339 

Figure 5).  340 

341 

4.2.3 Hill mixed farming and food system 342 

The HM FFS is quite heterogeneous, with variations in altitude, topography, land use and food market 343 

chains both locally and across Asia. Some hill areas are moderately well connected to markets, 344 

especially in East and South-East Asia, whereas others still practice shifting cultivation and are most 345 

dependent on natural resources and forests, e.g., jhum shifting cultivators farming at high altitudes in 346 

South Asia. Before the pandemic, food-self-sufficiency – based on rice, maize, millets, vegetables and 347 

animal products - was moderate (3.0, Figure S4). Many farms were quite diversified (4.0), and off-348 

farm income was also common (3.0). While the HM FFS was a common source of fruit and 349 

vegetables to cities (3.0), the system was only a limited source of food grain, animal, or aquatic 350 

sourced food for cities. In practice, local markets also played a major role. Typically, agricultural 351 

policies had a minor effect on system vulnerability (1.0; Figure S8), except for food grain stocks.     352 

The initial relief programmes from Government after COVID-19 struck were moderately 353 

effective, especially supports to planting, harvesting and marketing, input distribution and social 354 

protection (3.0; Figure S6). Though in general the overall input market disruptions from the pandemic 355 

were minimal across the HM FFS (1.0; Figures 5, S7), there were some exceptions due to use of low 356 

input levels. In pockets of higher-input horticultural or animal production, significant disruptions were 357 

observed in some specialised input markets, e.g., supplies of planting materials, agrochemicals, 358 

veterinary items, day-old chicks, fish fingerlings and animal feed. Not surprisingly, the least 359 

disruption occurred with food grain seed availability. 360 



 

15 

 

 361 

 362 

Figure 6: Selected effects on HM farming and food system (scores: 0 none, 5 very 363 

severe/many)  364 

 The HM system experienced major wastes of perishable vegetables and spices, notably ginger 365 

and turmeric, in the early stages of the pandemic due to the movement restrictions. The restrictions, 366 

and labour shortages, also delayed planting of maize, turmeric and other crops. The recovery of 367 

perishables marketing chains to cities was expected to take, on average, about 4.5 months. Partly 368 

because of the contraction in the poultry industry, feed maize production in the lower and mid-hills of 369 

the HM FFS suffered reduced prices. Some parts of the HM system that grew export commodities 370 

such as rubber and flowers were seriously affected by the collapse of demand associated with the 371 

global economic slowdown, e.g., starch quality and export prices for Cambodian cassava.  372 

Overall, the COVID-related policies generally had a limited effect on the HM FFS (2.0; 373 

Figure 10), in part because of low market access and policy reach. However, there were benefits from 374 

social protection and employment generation programmes.  375 

The effect of influx of labour on the HM system was quite limited from cities (1.0) and 376 

international returnees (1.0) except for Nepal and Pakistan (3.0 for cities, 2.0 for international 377 

returnees). The greatest effect of the pandemic in the HM system was on the post-harvest activity 378 

resulting from limited movement of male farmers. Effects on women ranged from very limited to 379 

limited in the HM system. Women’s involvements in trading, wage work, and entrepreneurship were 380 

the least affected.  381 

 Region-wide, the effects of the pandemic on food security in the HM FFS were generally 382 

common (2.5-3.0; Figure 13). The collapse of off-farm work in urban areas and abroad seriously 383 

affected livelihoods and thus household food security. Many areas have vulnerable populations, often 384 

ethnic minorities, with extensive poverty and malnutrition, for whom even a slight disruption of their 385 

livelihood systems can potentially have severe repercussions. Across the whole HM system, however, 386 

the effect of COVID-19 on resilience of the FFS was moderate (2.5; Figure 6), in large part because 387 

of the high level of self-reliance and substantial dependence on local food markets. Overall, the 388 
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substantial loss of farm household income and uncertainties with international and domestic markets 389 

led to a reluctance to invest in farm inputs. Nevertheless, over the medium to long term the 390 

assessment indicated a modest to good sustainability (3.5-4.0; Figure 12), when averaged across the 391 

HM FFSs and the five pillars of sustainability.  392 

393 

4.2.4 Dryland mixed farming and food system 394 

The DM FFS is characterised by strong crop and livestock components. The resilience and 395 

sustainability of the system during the pandemic were strongly linked to the pre-pandemic 396 

characteristics of the DM FFS, including agricultural policy settings (Figure S5). The lack of food 397 

self-sufficiency was a considerable challenge for the DM system even before the crisis. Farmers were 398 

highly dependent on off-farm income and remittances, making the DM FFS very vulnerable to 399 

disruptions to markets and off-farm employment opportunities, i.e., pre-pandemic food self-400 

sufficiency was limited (2.0). 401 

The pandemic-induced lockdowns in the DM system resulted in lack of transport, market 402 

restrictions, labour shortages, inadequate supply of quality farm inputs, opportunistic behaviour of 403 

food system intermediaries seeking high margins, and restrictions on international trade. However, the 404 

overall effects on crop production in the DM system were limited. In contrast, harvest and post-405 

harvest activities of fruits, vegetables, flowers and other perishable commodities were significantly 406 

affected (3.0; Figure 7), mainly due to the shortage of labour and transport, aggravated by the 407 

contraction of market demand. Similarly, many smallholder producers could not sell their milk and 408 

aquaculture produce. Maize markets in the DM FFS was particularly affected in some countries by the 409 

collapse of demand for poultry feed. For example, in India, poultry consumption had initially declined 410 

largely due to fear of its association with COVID-19, and thus the demand for poultry feed and maize 411 

grain collapsed. Nevertheless, the adverse effect of the pandemic on input markets was comparatively 412 

low (2.0) and the recovery was relatively quick, particularly in Central Asia.  413 

Off-farm and non-farm earnings and remittances, which constituted about half of DM system 414 

farm household income, were severely affected. This significantly affected the food and livelihood 415 

security of farm families – for example, there was loss of remittances of up to 25% in Kyrgyzstan and 416 

Tajikistan. Prior to the pandemic, off-farm income was a common feature of the DM FFS (Figure S5). 417 

The governments were more proactive in easing out food supplies as it was the major harvest 418 

season in many countries and directly linked to the immediate food security of people. Market 419 

recovery took much longer-time in Central Asia, particularly in Kyrgyzstan.  420 
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421 

Figure 7:  Selected effects on DM farming and food system (scores: 0 none, 5 very severe/many) 422 

The effect of labour influx from cities and internationally in the DM system was limited (1.5 423 

and 2.0, respectively; Figure 11) and it had very limited effect on the reduction of labour scarcity in 424 

the rural areas for both males (1.0) and females (none). The effects on rural wage rates in the short run 425 

were marginal, and there were few reports of changes in wage rates for men or women, or reductions 426 

in female labour opportunities, following the influx of workers. While there were limited overall 427 

labour effects in the DM FFS, post-harvest activities were affected to a limited degree by restricted 428 

male and female labour movement (2.5 and 1.5, respectively). The effects of the pandemic on 429 

women’s farm work in the DM FFS were generally very limited, although there was a moderate 430 

increase in women’s household workload.     431 

The sustainability and resilience characteristics of households, consisting of agricultural 432 

productivity, economic, social, environmental and human condition, were moderately to strongly 433 

affected under the DM system. The perception of key informants was that most domains of the DM 434 

FFS would recover well (about 76%) by December 2020. The economic and social dimensions of the 435 

farming systems which generally are strongly influenced by rural-urban linkages, employment access 436 

and social security policies may take more time to fully bounce back. The limited to moderate on-437 

farm diversification (2.5) helped farm households recover and sustain during the pandemic. Two other 438 

key characteristics, namely, common dependence on off-farm income (4.0) and limited supplies of 439 

foodgrain to cities (2.0), increased the vulnerability to COVID-19 disruptions but were also the key 440 

drivers of recovery and sustainability as the movement restrictions eased.  441 

Food grain reserve stocks and social protection were key pre-pandemic policies that helped 442 

improve vulnerability of the DM system (Figure S8). Reinforcements of social protection, cash 443 

transfer and subsidised food grains were noteworthy COVID-19-induced mitigating policies that were 444 

critical and effective in buffering livelihoods. 445 

446 

4.3 Comparative effects of COVID-19 across farming and food systems 447 
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4.3.1 Timeline of effects across farming and food systems 448 

To control COVID-19, Asian Governments initiated air and land border closures and local lockdowns 449 

as initial waves of infection struck (Figure S1; Table S4). FFS operations were generally considered 450 

essential and were soon exempted from some movement restrictions in most countries; consequently, 451 

disruptions to food supplies were minimized in most Asian countries. As spread of the virus was 452 

initially controlled, movement restrictions were eased and FFS rapidly regained substantial 453 

functionality until numerous secondary outbreaks and repeat waves of infections led to further 454 

restrictions. Almost half of the study countries experienced secondary waves with the highest 455 

intensity of infection during the last quarter of 2020. This study focused on the nature and magnitude 456 

of disruptions across the four FFSs during the first half of 2020, considering crop, livestock and 457 

marketing calendars, farming practices and labour management. Considering all FFSs and the entire 458 

region, disruptions were most severe in April but diminished by June (Figure 10A). By April, the HM 459 

FFS was the least affected followed by the LRB FFS, yet the Malaysian and Nepalese HM FFSs 460 

experienced particularly severe effects (data not shown). The DM and IWB FFSs were significantly 461 

affected whilst the LRB FFS was least affected. In relation to average effects on farming families 462 

across the four FFSs for the March to June period (Figure 10B), household income was moderately 463 

affected, while there were limited effects on crop and livestock operations. The adverse effects on 464 

food and nutrition security were largely due to loss of off-farm income.  Of the various crop and 465 

livestock operations, marketing was severely affected, especially in April. Overall, wheat and boro 466 

rice harvests and marketing that peaked during April and May were more affected than the 467 

establishment of monsoon rice. In case of livestock and aquaculture, disruptions in marketing were 468 

greater than those for crops. In general, perishables (vegetables, fruits, milk, poultry, fish and other 469 

aquatic products) were affected seriously because of food system disruptions in market supply chains 470 

and storage.  471 

472 

 Figure 8: Severity of effects by month during March to June 2020. Panel A: FFSs effect timeline; 473 

Panel B: farm family operations effect timeline (scores: 0 none, 5 very severe).   474 
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4.3.2 Market and policy effects across farming and food systems   475 

The primary indirect effect of COVID-19 on the FFSs arose from movement restrictions disrupting 476 

input and output value chains. However, since many national governments declared food and 477 

agriculture as essential services, the initial disruptions of food grain markets generally reduced over 478 

the ensuing months as support programmes became more effective, and FFS adjusted systems and 479 

operations. This sub-section compares the reported effects in different FFSs of particular market 480 

arrangements and policies (see further details in Appendix S1.5). 481 

In general, input market disruption across the region was least in the HM FFS, followed by 482 

the LRB and DM FFSs, and despite the government support it was most severe in the IWB FFS 483 

(Figure S7). The HM and DM FFSs had limited demand for external inputs. However, both these 484 

systems had pocket areas practicing higher-input production, e.g., vegetables in the HM FFS in 485 

Malaysia, where input marketing channels were disrupted.  486 

In general, the disruption of output markets varies between the FFSs (Figure 11). The effects 487 

on perishable distribution chains were severe in HM FFS (4) and medium across the other three FFSs 488 

(Figure 9). Food grain markets were the least affected particularly in the LRB and HM FFSs. The 489 

effects of reduction of producer prices were common across all FFSs. Local markets disruption was 490 

severe in the IWB FFS, common in the LRB and DM FFSs, but only limited for the HM FFS.  491 

 492 

 493 

Figure 9: Disruptions on output markets across the four FFSs (scores: 0 none, 5 very severe) 494 

In general, pre-pandemic food and agricultural policies played a modest role in reducing the 495 

vulnerability of the four FFSs to COVID-19 disruptions (Figure S8). Among the reported policies, 496 

food grain stocks were the most effective, most especially for the DM FFS. Overall, pre-pandemic 497 

policies reduced the vulnerability of the irrigated, more intensive, FFSs, i.e., IWB and LRB, compared 498 

with the lower-input HM and DM FFSs, particularly machinery services, fertilizer subsidies and 499 

minimum support prices. Comparing LRB and IWB FFSs, the LRB FFS benefited more from grain 500 

support prices whereas machinery subsidies favoured the IWB FFS. Key COVID-19 policies 501 

implemented during the pandemic provided the greatest benefit to IWB FFS and the least benefit to 502 

the HM FFS (Figure 10). 503 
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504 

Figure 10: Key COVID-19-induced policies affecting FFSs (scores: 0 none, 5 very 505 

effective)506 

Support policies that were reported as particularly effective included mechanisation for LRB 507 

FFS (notably East Asia) and IWB FFS (notably South Asia), irrigation for LRB FFS (notably 508 

Southeast Asia), credit for HM FFS (notably East Asia), livestock production for DM FFS (notably 509 

South Asia), and food safety for DM FFS (notably Central Asia) (Figure S10). There were also 510 

another set of welfare policies and programmes implemented during COVID-19 which tended to have 511 

broader effectiveness across FFSs and strengthened livelihoods and purchasing power. Welfare 512 

policies which were particularly reported included poverty alleviation, cash transfers, food-for-work 513 

and rural employment generation and guarantee and financial support for small and medium-sized 514 

enterprises (SMEs).  515 

516 

4.3.3 Labour and gender effects across FFSs 517 

Labour market failures had a profound effect on off-farm income of smallholders and the worker 518 

availability for labour-intensive farming and value chain operations in all FFSs, to different degrees. 519 

Differences in the timing of movement restrictions vis a vis the main farming and marketing 520 

operations led to local variation in the labour-related effects of COVID-19.  521 

Overall, the HM FFS was least and the IWB FFS most affected in terms of labour (Figure 11). 522 

In fact, the IWB FFS was most affected from labour influx from cities (although not particularly from 523 

international returnees), and from movement restrictions for males and females for harvest and post-524 

harvest activities, especially in South Asia (conversely, there was limited effect on harvest operations 525 

in the IWB FFS in East Asia). Effects of the pandemic on the DM FFS on short-term productivity 526 

were common, especially in relation to male labour. The LRB FFS was most affected by movement 527 

restrictions on male labour. Despite the influx of labour in some areas, and the disruption of some 528 

seasonal labour migration, for example for rice transplanting in the LRB FFS or fruit picking in the 529 

HM FFS, there were few reports of significant changes in wage rates for men or women, or reductions 530 

in female labour opportunities following the influx of rural workers.  531 
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532 

Figure 11. Female and male labour and associated labour effects across four FFSs (scores: 0 533 

none, 5 very severe)  534 

Key informants anticipated contrasting outcomes for youth engagement in agriculture over 535 

the next year, potentially increasing in nearly half of the study countries but decreasing in around one-536 

third of countries studied. Many of the expected opportunities for youth were associated with the 537 

return of labourers back to rural areas and the potential expansion of rural service providers (see 538 

later). In countries reporting decreases, particularly those in Southeast Asia, key informants 539 

commented that the decline in youth involvement in agriculture mirrors pre-COVID-19 trends. 540 

An increase in farmers’ access to and use of agricultural machinery was anticipated in the 541 

medium-term, along with an increase in rural service providers resulting from governments’ policy 542 

responses to COVID-19 in more than half of the study countries. Importantly, a potential reduction in 543 

food traders (‘middle-men’) was reported in many countries given agricultural development planners’ 544 

interest in shortening agricultural value chains and using digital technologies to accelerate purchase 545 

and sales of perishables. None of our key informants anticipated a decrease in agricultural 546 

mechanisation or rural enterprise services in the coming years. 547 

The immediate effect of COVID-19 among women and men farmers across the FFSs ranged 548 

from relatively limited to strong, depending on the activity (Figures 11, S11). The strongest effect was 549 

on harvest and post-harvest activities due to lockdowns limiting mobility in the IWB FFS, where 550 

wheat farm labourers in India experienced ‘very severe’ effects while Kazakhstan and Tajikistan 551 
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farmers experienced ‘severe’ effects. The effects were considered particularly severe among women 552 

wheat farmers because of farm activity limitations resulting from reduced labour movement. Where 553 

female household members were involved in production and post-harvest operations of vegetables 554 

and poultry which were disrupted by the pandemic, they were more severely affected than male 555 

members. Where there was significant urban-rural migration, returning male migrant workers 556 

sometimes replaced women workers on farms.  557 

Key informants reported on the potential medium-term effects of COVID-19 on women 558 

farmers, with strong effects likely in the LRB and IWB FFSs. Women farmers in the LRB FFS were 559 

most affected in terms of their farm work, off-farm income, livelihoods, food and economic security, 560 

and their involvement in post-harvest activities, as well as their workload in domestic household 561 

activities such as caring for family members, cooking, and cleaning. Those female household 562 

members who were running family businesses were at greater risk of COVID-19 infection. Increased 563 

household workload was commonly reported. Overall, women farmers in the IWB FFS were most 564 

affected, in terms of their involvement in farm, post-harvest, trade, wage work and entrepreneurial 565 

activities. Very severe effects were observed on women’s involvement in farm activities, wage 566 

workers, traders and entrepreneurs, e.g., in Central Asia.  567 

 568 

4.3.4 Food and nutrition security 569 

In both rural and urban areas Government food distribution and employment programmes supported 570 

food and nutrition security (FNS). Findings of this study indicate the limited to moderate effect of 571 

COVID-19 on medium-term food availability, access and utilisation (Figure 12). The overall effect on 572 

the expected medium-term FNS was slightly stronger in the DM FFS, followed by the HM FFS, and 573 

more limited for the IWB and LRB FFSs. Across the four FFSs, the expectations were that food 574 

availability would be slightly less affected than food access, which in turn would be slightly less 575 

affected than food utilisation – probably because of reduced household income, especially from off-576 

farm sources, and, in some areas, increased food prices.   577 
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 578 

Figure 12:  Effects of COVID-19 on food and nutrition security by FFS (scores: 0 none, 5 very 579 

severe).  580 

In all the four FFSs, local production including backyard gardens, livestock, poultry and, in 581 

the case of LRB FFS, rice-field fisheries played a key role in stabilizing food availability and access 582 

and especially nutritional security during the pandemic. Although market chains to cities were 583 

significantly disrupted, fruits and vegetables were still available in many local rural markets, e.g., 584 

Nepal, China. The HM FFS provided diverse food items because of the integration of food crops, 585 

vegetables, fruits, livestock, and perennials, though it provided smaller volumes of cereals, pulses, and 586 

oilseeds. During lockdowns, in the LRB and IWB FFSs the reliance on locally-available, often 587 

packed, food items led to a focus on caloric intake and a less diverse diet – although this effect was 588 

less common for the HM and DM FFSs.   589 

Survey results reveal diverse government and community interventions to minimise the 590 

disruption to food availability and its access and utilisation especially for the most vulnerable groups. 591 

Local communities and volunteers played key roles in food distribution to the poor in many countries, 592 

supported by national and sub-national government food distribution, partially offsetting the loss of 593 

publicly provided school meals as schools closed during lockdowns. As well as expanding existing 594 

programmes, there were many institutional innovations, e.g., the Tamil Nadu State Government in 595 

India packed vegetables (carrots, potatoes, onions and tomatoes) for delivery to households and sale at 596 

fixed prices (Singh, 2020). In many countries the use of e-commerce increased dramatically for the 597 

acquisition and distribution of foodstuffs, e.g., Peninsular Malaysia. Nevertheless, in all countries a 598 

core issue was not food availability per se but rather reduced access and lack of affordability of 599 

nutritious foods because of losses in household income.  600 

 601 

4.3.5 Resilience and sustainability  602 
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The resilience to the COVID-19 shock was assessed by the degree of initial recovery of five aspects 603 

domains of each FFS, viz, productivity, economic, natural resources, human condition and social. The 604 

assessment revealed a relatively high level of resilience of all FFSs to the initial wave of the 605 

pandemic, stemming from system robustness and speed of recovery, ranging from 87 percent recovery 606 

of the HM natural resources domain to 59 percent recovery of the IWB economic domain (Figure 607 

S12). The overall rank order of domain resilience was (from greatest to least): natural resources (83 608 

percent), productivity (78 percent, with slightly faster recovery for perishables than food grains), 609 

social (78 percent), human (72 percent, with somewhat less for food security) and economic (64 610 

percent, with family cash reserves the slowest to recover). There was some variation between 611 

countries: East and Southeast Asia, where the first wave of the pandemic was controlled by April-612 

May, reported greater recovery compared to countries such as Indonesia and India where COVID-19 613 

continued to spread, even in late 2020. 614 

The rank order of FFS’s combined resilience was: HM FFS (78 percent), LRB FFS (76 615 

percent), DM FFS (71 percent) and IWB FFS (70 percent). The resilience of the HM FFS was 616 

associated with low population density, modest productivity, relatively low inputs and, often, long 617 

market chains. The LRB FFS benefited from good infrastructure and water management, as well as 618 

shorter market chains to urban centres. The DM FFS had, in general, low productivity and input use 619 

with less developed and longer market chains. The IWB FFS had relatively high productivity and 620 

cropping intensity and greater dependence on input and produce markets and, to some degree, cold 621 

chains and storage. Other vulnerabilities included the coincidence of lockdowns with labour-intensive 622 

farm and marketing operations, and lack of flexibility of harvest and planting dates for perishable 623 

products or intensive crop rotations. 624 

In relation to the speed of agricultural market recovery, improvements were expected to be 625 

fastest in the IWB system followed by the HM, DM and LRB systems (data not shown). The recovery 626 

of perishables marketing chains to cities was estimated as 3.7 months across all FFSs. However, in the 627 

HM FFS, major parts of which are often distant from urban centres, 4.5 months was anticipated for 628 

recovery. The estimated recovery time for output markets (3.8 months) was faster than for input 629 

markets (5.4 months), and food grain markets would take longer (4.6 months) to recover than local 630 

output markets. Input markets would take longer to recover, and seed input markets were expected to 631 

take approximately 8 months on average to recover compared with 6 months for public extension 632 

services. The credit market would recover quickly, possibly due to informal lending and government 633 

support. Among the four FFSs, market recovery in the LRB FFS was expected to be the slowest.  634 

  635 
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 636 

Figure 13: Sustainability after COVID-19 by domain and FFS (scores: 0 none, 5 very strong)  637 

The expected degree of sustainability after COVID-19 was assessed against the five domains 638 

of productivity, economic, natural resources, food security and social capital. In part supported by 639 

moderate recovery rates, all five domains and all FFSs had medium to strong long-term sustainability 640 

(Figure 13). The HM FFS was rated more sustainable than the other three FFSs, notwithstanding its 641 

low overall level of economic development. It was rated above medium sustainability in terms of all 642 

five domains, whereas the IWB FFS was rated above medium for economic and social domains, and 643 

the LRB and DM FFSs were rated as moderately sustainable for four of the five domains.   644 

 645 

5. Discussion 646 

5.1 Salient implications for the region 647 

Sustainable intensification and diversification of production is required in the coming decades in order 648 

to meet the diverse needs of societies with greater disposable income and changing consumption 649 

preferences whilst enhancing natural resource management and ecosystem services (FAO, 2020a). 650 

Such intensification and diversification face multiple constraints and challenges, including widespread 651 

degradation of natural resources (Pretty, 2018), climate change (Beddington et al., 2012), the limits of 652 

planetary boundaries (Rockström et al., 2017), the urgent need to transform food systems (Steiner et 653 

al., 2020; Kugelberg et al., 2021) and foster inclusive development (World Bank, 2020a). COVID-19 654 

has exacerbated these challenges (WFP, 2020; OECD, 2021) and created new opportunities (FAO, 655 

2020h; World Bank, 2021).  656 

During 2020, the Asia region successfully contained COVID-19 at infection levels which 657 

averaged only one-third of the global average. Nevertheless, some countries were severely affected, 658 

and most countries faced repeated waves of infection (often more severe than the initial wave) or local 659 

outbreaks maintained the uncertainty through 2020. By assigning policy priorities to the health and 660 

agrifood sectors and committing about 15 percent of regional GDP to (ADB, 2020a) to support and 661 

economic stimulus packages, Governments maintained the overall performance of FFS and aggregate 662 

food production (FAO, 2020b), minimized the effect on FNS and assisted vulnerable populations who 663 
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were most affected by the pandemic. Early in the pandemic East Asia including China brought 664 

COVID-19 under control and shifted to a ‘new normal’ (Huang, 2020; Supplementary Materials 665 

appendix 2). After the initial shocks to perishable food chains and casual work in Southeast Asia, the 666 

aggregate effects on agricultural production in the Mekong area of Southeast Asia were limited, 667 

although later waves of infection seriously affected the Philippines and Indonesia. Caseloads across 668 

South Asia exceeded the Asian average and many vulnerable groups, including farmers and casual 669 

labourers, faced severe income, food and nutritional insecurity. In response, Governments 670 

implemented public food and cash distribution and employment programmes which prevented 671 

widespread food insecurity. In Central and West Asia, although caseloads were high, notably in 672 

Azerbaijan and Iran, effects on agriculture and food production were modest, although food imports 673 

to some countries were affected. In many cases the poorer and more marginal suffered the most 674 

(Horton, 2020), particularly landless rural households and smallholders with major dependence on 675 

off-farm income.  676 

Our findings underscored the overall resilience of smallholder Asian FFSs during the 677 

pandemic (section 4.3.5; Figure S12). Compared to urban areas, rural areas have lower population 678 

densities, most especially in the HM FFS and DM FFS, with slower coronavirus transmission than in 679 

cities. The greatest resilience was observed in the HM FFS where smallholder farms are relatively 680 

diversified with significant, although declining, self-sufficiency, and access to local markets for many 681 

farm and household needs, except during periods of obligatory closure, lockdown or supply chain 682 

disruption – also noted by Ceballos et al. (2020). For many food crops, farmers could take advantage 683 

of the inherent plasticity in diversified systems and avoid major reductions in productivity. Sound 684 

resilience was also observed in the LRB FFS for somewhat different reasons, viz, reliable irrigation, 685 

good transport networks and many short market chains to major markets in cities.  686 

The inherent resilience of the smallholder FFS was reinforced by the policy responses of 687 

Governments including food distribution, cash transfers and employment programmes – which all 688 

afforded relief to the vulnerable -- and priority support for agriculture and food systems through, inter 689 

alia, assistance with harvesting and marketing, input supply logistics and credit. Our study found that 690 

some pre-COVID-19 policies reduced the vulnerability of the FFS to shocks such as the pandemic, 691 

including the procurement of crops at minimum support prices and social protection (Ceballos et al., 692 

2020; Fan, 2020; Sudha and Shree, 2020). Our findings distinguished robustness from speed of 693 

recovery, representing complementary dimensions of farming system resilience (Meuwissen et al., 694 

2019). We also acknowledge that, as Gelfand et al., (2021) point out, resilience may partly be due to 695 

social norms which vary from country to country. 696 

The study highlighted a number of institutional weaknesses, notably the widespread indirect 697 

effects of agricultural input and produce market disruption (section 4.3.2; Figure 14; Supplementary 698 

Materials appendix 1), especially related to the asymmetries associated with commercializing small 699 

farms facing modern food chains – in contrast to larger organized producers negotiating with modern 700 
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chain operators or marginal producers selling surplus product in local markets. The chain operators 701 

also faced many issues including movement restrictions, transport impediments, labour shortages, 702 

demand contraction and financial constraints, as anticipated by other analyses (Qureshi et al., 2015; 703 

Reardon, et al., 2020) or confirmed by other studies during the pandemic (ADB, 2020b; Biswal et al., 704 

2020). Food grain marketing generally experienced, overall, limited disruption, often benefiting from 705 

public sector support. Conversely, in the early stages of the pandemic many perishables faced major 706 

issues of shortages of labour, e.g., for planting, harvesting or milking, marketing constraints, e.g., for 707 

storage, transport or softening or collapse of demand – with potential nutritional implications (Harris 708 

et al., 2020).  Clearly, improvements in local institutions and market innovations such as smartphones 709 

are key elements for the required food market chain transformation called for by many Governments 710 

and agencies (FAO, 2020h).  711 

 712 

 713 

Figure 14: Comparison of effects across FFSs (scores: 0 none, 5 very severe/many) 714 

Another set of institutional weaknesses relate to inclusive development in relation to 715 

opportunities and outcomes (OECD, 2021), most particularly in relation to casual labour, women, 716 

youth and other vulnerable groups (section 4.3.3; Supplementary Materials appendix 1). Of the 717 

various dimensions of FFS resilience, natural resources, productivity and social capital remained 718 

sound, but economic aspects were slower to recover. Hence, the recent estimate of an additional 89 719 

million Asians driven into extreme poverty during 2020 by COVID-19 is not surprising (UNESCAP, 720 
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2021), especially when compared with the rural population of 2.3 billion. The contraction of 721 

economies and the disruption of labour markets especially for low skilled workers including farm 722 

families could readily contribute to increased poverty and undermine progress to realizing the SDGs. 723 

In these respects, our findings are supported by similar qualitative studies in Asia on the effect of 724 

Covid-19 (Adhikari et al., 2021; Goswami et al., 2021). 725 

Disruptions for women were more severe than for labour in general, or for men – as found 726 

also by Hutt (2020) -- and were especially prominent in the IWB FFS and LRB FFS (Figure 14). Not 727 

only have many rural women lost off-farm income in urban work, for example with the closure of 728 

textile factories during the pandemic, these two FFS are characterized by relatively high population 729 

density, cropping intensity and productivity, and experienced large influxes of returning migrants 730 

from cities and international destinations which added pressure to the multiple roles of women in rural 731 

households. These observations are consistent with the findings of Esworthy (2020), PANAP (2020) 732 

and UNESCAP (2020). Although gender disruptions from the pandemic were less severe in the DM 733 

FFS and the HM FFS, women still carry disproportionate burdens of farm and household work, 734 

accentuated by remoteness and poor access to public social and medical services (Sharma et al., 2016; 735 

ICIMOD, 2020). In fact, there are many unrealised opportunities for rural women in Asia (Nichols et 736 

al., 2020; Ragasa et al., 2020). The economic contractions also led to a great loss of jobs by youth, 737 

with a large proportion in agriculture (ILO-ADB, 2020). Enhanced local social capital, along with 738 

needed rural institutional reforms, would foster inclusive strategies for women, youth and marginal 739 

groups in sustainable development (Sharma et al., 2016; Pretty et al., 2020; UNESCAP, 2021).  740 

 741 

5.2 Considerations for recovery in each farming and food system 742 

Many of the adverse effects of COVID-19 on the LRB FFS could be alleviated by the wider 743 

application of existing institutional or technological innovations and programmes -- a phenomenon 744 

also documented by Ceballos et al. (2020). For example, potentially severe effects of COVID-19 were 745 

moderated through continued implementation of pre-pandemic policies, notably minimum support 746 

prices, food grain stocks, social protection and credit provision (Kumar et al., 2020). We observed 747 

applications of new institutional innovations where supply chains were severely disrupted, for 748 

example, public sector coordination of labour and machines for boro rice harvesting (Amjath-Babu et 749 

al., 2020; Mandal et al., 2020). Other examples included temporary public support for marketing and 750 

distribution of key food crop and livestock products, and for the expansion of e-commerce platforms 751 

to link farmers directly with consumers (ADB, 2021; World Bank, 2021). More generally, high diesel 752 

prices increased irrigation costs and fostered the spread of solar pump sets, supported by many 753 

Governments. In contrast, the continuation of large-scale modernization of existing irrigation systems 754 

to foster double rice cropping (Huaxia, 2020) might miss the opportunities for crop diversification to 755 
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meet shifting future demand and for many rapidly-developing small-scale innovations suitable for the 756 

LRB FFS, e.g., pump sets, small tractors, smartphones.  757 

 The IWB FFS was severely affected in many respects (Figure 14) despite irrigation 758 

infrastructure and supporting market services. The system features complex inter-dependencies 759 

between labour, mechanisation and markets (Paroda, 2018) and exhibits high cropping intensity and 760 

diverse crop rotations, e.g., rice, cotton, pulses, forage (Timsina and Connor, 2001). In such an 761 

intensive system, the coincidence of COVID-19 waves and peak farm operations affected farm 762 

management. Potential effects were very large, e.g., production losses (~24 percent) and economic 763 

losses (US$ 1.5 billion) in Punjab and Haryana States in northwest India, if not countered by specific 764 

policy or programme actions (Balwinder-Singh et al., 2020). In the intensive IWB rice-wheat 765 

cropping system, COVID-19-induced delays in crop operations may also encourage a return to 766 

widespread rice residue burning and exacerbate seasonal air pollution and associated morbidity and 767 

mortality (Shyamsundar et al., 2019). The IWB FFS, and other systems, suffered from market-768 

mediated effects such as the poultry-maize nexus in South Asia. Early in the pandemic, the 769 

consumption of meat and chicken declined due to a mistaken association with COVID-19 infection. 770 

As the demand for poultry declined, the poultry feed market collapsed and the price of maize fell by 771 

one-third, before recovering later in the year. More generally, the pandemic might well prompt wider 772 

adoption of proven innovations such as e-commerce to modernise marketing chains and promote rural 773 

entrepreneurship (FAO, 2020h; World Bank, 2021), laser land levelling and precision agriculture to 774 

increase irrigation water use efficiency, further mechanisation to manage labour shortages, and 775 

conservation agriculture based sustainable intensification with the no-till ‘Happy Seeder’ to counter 776 

climatic risk (Islam et al., 2019; Dixon et al., 2020b). 777 

The HM FFS was more robust and less disrupted than other FFSs (Figure 14), albeit with 778 

major yield gaps and poverty -- a finding confirmed for Nepal by Adhikari et al. (2021). The HM 779 

system is highly diversified, integrating multiple crops, animals, trees and kitchen gardens in which 780 

farmers are moderately self-sufficient and the input and produce chains are also diversified. Although 781 

less efficient than many modern value chains, we observed that the traditional chains and local 782 

markets were quite resilient during the pandemic. There were some exceptions: some vegetable 783 

producers were adversely affected by lockdowns, and some poultry farmers were affected by poor 784 

supply of chicks and feed – as Ramakumar (2020) also found. Many households were severely 785 

harmed by the loss of off-farm employment during lockdowns, limiting purchases of food and farm 786 

inputs – this effect was also identified in several FFS by Chantarat et al. (2020). The widespread 787 

influx of migrant workers who sought to return to their villages added to family and local food 788 

demand. The influx caused both labour shortages and over-supply in different contexts, reflected also 789 

in other studies (ACAPS, 2020; Htoon, 2020; World Bank, 2020b). Within the HM system, there was 790 

intense competition at the interface between cropland and forests which, taking into account 791 

disruption of habitat for wildlife, is a potential source of future zoonoses (Kress et al., 2020; di Marco 792 
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et al., 2020). The recovery from the pandemic is an opportunity for wider promotion and uptake of 793 

proven innovations to boost livelihoods while enhancing natural resources, such as systems agronomy 794 

to reduce the yield gap and further diversify, on-farm grain storage to reduce losses in the long chains 795 

(Huss et al., 2020), digital marketing (World Bank, 2021), community forestry and agroforestry, and 796 

institutional innovations for payment for ecosystem services including carbon drawdown.   797 

Overall, the DM FFS saw limited immediate effect on dryland crop production and livestock 798 

populations. High value diversification, which in normal conditions was a key strategy in favourable 799 

production pockets of the DM system to minimise risk and improve family income and nutrition, was 800 

significantly affected by the collapse of markets for perishable commodities in the early stage of the 801 

pandemic – as also found for Indian dairy farmers (Biswal et al., 2020). Off-farm earnings and 802 

remittances, which constituted about half of the farm household income in the DM FFS, were most 803 

severely affected, for example by up to 25 percent in Kyrgyzstan and Tajikistan. Compared to other 804 

FFS, the DM system confronts great climatic variability which requires adaptive management 805 

supported by insurance. Food grain reserve stocks and social protection were key pre-COVID-19 806 

policies that reduced vulnerability and underpin the value of a public role in food systems alongside 807 

businesses which operate the agrifood chains. Promising innovations during recovery include index-808 

based insurance, improved matching mechanisms for off-farm work, feed-centred integration of crops 809 

and restoration of pastoral areas. These innovations could be incorporated in decentralised and 810 

resilient FFS featuring context-specific and market-led diversification, affordable small farm 811 

mechanisation and digital information and organisational solutions for increasing productivity and 812 

reducing transactions costs (Carberry and Padhee, 2020).  813 

    814 

5.3. Resilience during recovery and beyond 815 

Despite the vulnerabilities exposed by the pandemic, resilience of the FFSs emerged as one key 816 

finding of the study; and a key question is how to reinforce such resilience against future pandemics 817 

or other agricultural shocks. Historically, resilience of agriculture, and of empires, underpinned 818 

survival (Haldon et al., 2020). Analytical approaches to resilience and their applications have 819 

developed during recent decades, such as numerous frameworks (IISD, 2013; UNESCAP-ADB-820 

UNDP, 2018; OECD, 2020), analytical metrics (Constas et al., 2020) and incorporations in policy 821 

design (Capano and Woo, 2016; Grafton et al., 2019; UNESCAP, 2021).  822 

There are many ways to build resilience of FFS against future shocks. In the case of COVID-823 

19, FFS were primarily affected indirectly, often from movement restrictions, market disruptions and 824 

policy actions. The robustness of FFS derived in part from diversified farm activities, low dependence 825 

on external inputs, active local markets and mixed traditional-modern food chains. Conversely, off-826 

farm income and specialisation in perishables turned out to be vulnerabilities. Policy settings were 827 

important: prior to the pandemic; during the initial stages for social protection and support to key farm 828 
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operations, including harvesting, marketing and distribution of critical farm inputs. The second aspect 829 

of resilience is recovery, for which our analysis showed that the fastest quartile for recovery of farm 830 

services comprised local markets, perishable markets and veterinary supplies. In contrast, the slowest 831 

recovery quartile comprised advisory services, fuel and seed systems – all critical supports for 832 

commercialising smallholders.  833 

Even though vulnerabilities would differ for different shocks in the future, for example, 834 

animal diseases, e.g., swine fever, or plant diseases, e.g., rice blast, or new zoonoses, there is much to 835 

learn from the early experience with COVID-19 in Asia. Clearly, preparedness was at a low level in 836 

many countries, despite the experience of Asia with SARS. Most Governments and organizations 837 

budget tiny amounts for preparedness, in comparison with the enormous direct and indirect costs of 838 

pandemics such as COVID-19, despite the high frequency and cost of natural disasters in Asia (ADB, 839 

2019). Recalling that the vulnerable were most affected by COVID-19 – as with many disasters – 840 

national strategies, plans and policies should incorporate pillars of resilience and inclusiveness 841 

alongside productivity (OECD, 2021). The inclusion of resilience would recognise the value of stocks 842 

including food reserve stocks and critical inputs, e.g., seed and their decentralised location. Inclusive 843 

development would, over time, reduce the number of vulnerable rural people. Because many COVID-844 

19 effects in agriculture and food arose from interactions between components of FFS, e.g., 845 

production, markets, stocks, labour, innovation, resilience analyses and planning must take a systems 846 

approach which leads naturally from agricultural growth to sustainable intensification and 847 

diversification (Pretty, 2018).  848 

Comprehensive real-time data would enable vulnerability assessments and planning as 849 

epidemics threaten and empower leaders during the management of the shock and for recovery 850 

(UNESCAP, 2021; World Bank, 2021). Strategies and plans for resilience can be closely aligned with 851 

agricultural sustainability. The development trajectories, resilience and sustainability of the four FFS 852 

could be appraised using the Sustainable Intensification Assessment Framework (SIAF) of the 853 

Sustainable Intensification Innovation Lab (SIIL) at Kansas State University (Musumba et al., 2017).  854 

The five sustainability pillars of the SIAF could be complemented by five equivalent resilience pillars 855 

to form the Sustainable and Resilient Intensification Assessment Framework SRIAF (Dixon et al., 856 

2020a).  857 

 858 

5.4 Recovery and development policies  859 

Our study shows the effectiveness of a wide variety of policies and programmes implemented during 860 

the crisis, including enhanced food security arrangements, food distribution, cash payments, 861 

infrastructure funds, employment programmes, infrastructure funds, employment programmes 862 

including youth (section 5.1), cast within a productivity-resilience-inclusiveness framework to be 863 

implemented across sectors (OECD, 2021) and empowered by agricultural and food assessment tools 864 
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such as the SRIAF (section 5.3; Dixon et al., 2020a). Other studies confirm our findings (Balwinder-865 

Singh et al., 2020; DA-AFID, 2020; Pan et al., 2020).  866 

The COVID-19 pandemic is not over. In contrast to a post-pandemic return to development-867 

as-usual, many organizations are calling for a transition to green, resilient and inclusive development 868 

(World Bank, 2021). Despite the disruptions and loss of livelihoods, the resilience of FFS was a 869 

foundation for the emergence of some winners, e.g., digital and agricultural technology companies, 870 

and new opportunities, e.g., policy reform, improved gender relations (Nichols et al., 2020; Ragasa, 871 

2020) and transformations of food systems (FAO, 2020; Gregorio and Ancog, 2020; Sampath et al., 872 

2020h). The Online Platform for Sustainable and Resilient Recovery from COVID-19 (“Platform for 873 

Redesign 2020”) identified five relevant pillars for a green and resilient recovery from COVID-19 874 

which, in the context of these findings, emphasise: people-centred planning, implementation and 875 

monitoring; sustainable intensification, diversification and market chains; environmental, economic 876 

and social resilience; innovation; and cooperation and learning across the region. These can be 877 

harnessed as part of a rural transformation and transition to a ‘green economy’ (Amjath-Babu et al., 878 

2020; Kumar et al., 2020; Stephens et al., 2020; Adhikari et al., 2021; UNESCAP, 2021) in a 879 

globalized world with heightened risks of emergent zoonoses and disease transmission (di Marco et 880 

al., 2020; Shrestha et al., 2020; Zhang et al., 2020).  881 

 882 

6. Conclusions 883 

The COVID-19 pandemic, the most recent of a series of coronavirus zoonotic diseases, has generated 884 

major social and economic crises in many countries in Asia, exploiting institutional, social, and 885 

economic vulnerabilities and aggravating existing food insecurity and poverty. However, this study 886 

illuminated the resilience of the FFS covering more than 80 percent of Asian land and rural 887 

populations; and identified promising innovations, institutional reforms and policy initiatives. The 888 

paper identified lessons in relation to the effects of COVID-19 and recovery from the crises, which 889 

offers an opportunity for rural transformation and changed development trajectories leading towards 890 

green agrifood systems. 891 

COVID-19 revealed the vulnerabilities of modern agricultural and food economies. While all 892 

four Asian FFSs were affected by the pandemic, and especially vulnerable groups in rural areas, the 893 

HM FFS was the most resilient system and the IWB FFS was the most severely affected. The 894 

resilience of the FFSs was evaluated positively in relation to productivity, natural resources, and 895 

social capital, although the recovery times for economic performance appeared to be slow in all 896 

systems. Diversification was a critical feature of resilient and sustainable systems, and short value 897 

chains and ICT connectivity also contributed to resilience. 898 
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The disruption of domestic agricultural and labour markets contributed to major short- and 899 

medium-term effects on the FFSs. The market dependent IWB FFS was affected to a greater degree 900 

than other FFSs. The movement restrictions affected labour-intensive segments of production and 901 

value chains to a substantial degree. Although public policies and programmes ensured that staples 902 

were available to most segments of the population, the milk, fish and vegetable markets were initially 903 

disrupted. Another consequence of the disrupted labour markets was widespread loss of off-farm 904 

work which severely affected rural households dependent on off-farm incomes.  905 

The policy priorities for agriculture and food, in parallel with health, effectively reinforced the 906 

resilience of FFSs and ensured aggregate food supplies. All FFSs were affected by COVID-19-907 

induced disruption in labour, gender, markets and resilience and the associated policy responses, 908 

especially the movement restrictions which disrupted input and produce market chains.  909 

This study has attempted to fill gaps in knowledge about the effects of COVID-19 on major 910 

FFSs and effectiveness of Governments’ policy measures to contain the virus and assist smallholder 911 

farmers to maintain their agricultural productivity and livelihoods under the recurrent COVID-19 912 

outbreaks in Asia. This study has also revealed some ‘known unknowns’ related to ongoing short- and 913 

long-term effects of COVID-19 and potential future opportunities. Important ‘unknowns’ include: in 914 

the medium term, will the pandemic cause adverse secondary effects on natural resources (soil, water, 915 

forests and biodiversity)?; will COVID-19-mediated learnings guide the agenda for boosting the 916 

much-needed sustainable intensification and diversification in FFSs?; will COVID-19 be a tipping 917 

point for a transition to a green economy and the acceleration of achievement of the SDGs? We 918 

suggest that these questions can be added to future research agendas.  919 

Looking forward, this study identified a number of critical areas for consideration by policy 920 

makers during the recovery from COVID-19. Inclusive programmes are required to support women 921 

and youth engagement and employment in agriculture and mechanisation, as well as to foster 922 

innovation and entrepreneurship. Parallel training for farmers is needed to build capacity to take full 923 

advantage of the knowledge economy and digital connectivity for sourcing inputs, diversifying and 924 

managing their farms, and for fair marketing of their produce. Structural adjustments and programs 925 

are needed to improve equitable development – particularly for gender outcomes -- because COVID-926 

19 has accentuated existing inequities.  927 

The four FFSs will benefit from sustainable intensification and diversification, including 928 

legumes, agroforestry and high value enterprises, and digital platforms to link producers, local 929 

markets and consumers. Insurance and risk management require particular attention, as well as local 930 

food, feed and seed reserve stocks. One of the many lessons from the pandemic is that policy and 931 

program development needs to be better supported by real time disaggregated data and cross-sectoral 932 

coordination mechanisms monitoring vulnerabilities and for swift and effective management of future 933 
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shocks to agrifood systems. Because of the multiple sources of risk and uncertainty including climate 934 

variability and change, sustainable decarbonisation should be a central plank of recovery programmes.  935 

Finally, resilience should be central to all future programming and investment in FFSs, and concept 936 

such as the Sustainable and Resilient Intensification Assessment Framework could be embedded in 937 

agricultural and food development strategies and plans.  938 
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