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Abstract: Urban farms provide a large diversity of ecosystem services, which collectively have
a positive effect on different constituents of human wellbeing. However, urban farms are facing
increasing pressure due to accelerated urbanization and socioeconomic transformation, especially in
rapidly developing countries such as Myanmar. There is an increasing call to harness the multiple
benefits that urban farms offer in order to foster urban green economic transitions and increase
the wellbeing of urban residents. This study examines how different types of urban farms provide
ecosystem services, focusing on Pyin Oo Lwin, one of the secondary cities of Myanmar. We conduct
household surveys with urban farmers representing the three main types of urban farms encountered
in the city, namely seasonal crop farms (N = 101), coffee farms (N = 20), and nurseries (N = 20).
The results suggest that all types of urban farms in our sample provide multiple provisioning, cultural,
regulating, and supporting ecosystem services, which collectively contribute directly to different
constituents of human wellbeing such as (a) food security, (b) livelihoods and economic growth,
and (c) public health and social cohesion. Food crops and commercial crops (e.g., coffee) are the
major provisioning ecosystem services provided by our studied urban farms, with some farms also
producing medicinal plants. These ecosystem services contribute primarily to farmer livelihoods
and economic growth, and secondarily to household food security (through self-consumption) and
health (through nutritious diets and medicinal products). Food sharing is a common practice between
respondents for building social cohesion, and is practiced to some extent by most seasonal crop
farmers. Almost all surveyed urban farms in our sample provide diverse cultural services to their
owners, ensuring the delivery of intangible benefits that have a further positive effect on human
wellbeing. It is argued that efforts should be made to ensure the continuous supply of these ecosystem
services in order to contribute to urban green economic transitions in Pyin Oo Lwin and other similar
secondary cities.
Keywords: urban farming; urban sustainability; food security; food sharing; cultural ecosystem
services; Myanmar

1. Introduction
Urban farming is the practice of cultivating food crops and, to a lesser extent, commercial crops in
urban environments. Urban farming is undertaken through various production systems including
neighborhood allotment gardens, family farms, community farms, rooftop gardens, and even intensive
and commercial production units integrated within the urban fabric [1]. Urban farms (and especially
family farms) are often engulfed in the urban fabric during the gradual expansion of cities in peri-urban
areas [1]. However, urban farms are sometimes established deliberately to grow crops within the urban
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fabric, with this approach being common for communal farming areas in neighborhoods/allotments,
farming in vacant lots and roofs, and recreational farming [1]. Apart from conventional agricultural
practices, some types of urban farms increasingly utilize advanced production techniques to maximize
output considering the space constraints in urban contexts [2,3].
Urban farming is performed in practically all parts of the world, but the actual status of production
systems and the underlying drivers vary widely between regions, countries, and even cities [4–12].
For example, even though urban farming in many developed cities was used for subsistence and
income generation in the past, it has lately gained popularity for recreational purposes and other social
reasons [5,7,10]. On the other hand, in many rapidly urbanizing cities of the developing world, urban
farming remains a major source of subsistence and income, including in cities in southeast Asia that
are the focus of this paper [6,9,11,12].
Urban farms provide multiple provisioning, regulating, cultural, and supporting ecosystem
services that contribute to the wellbeing of urban residents [13]. The main provisioning ecosystem
services are associated with the production of food crops, industrial crops (e.g., coffee), aromatic plants,
flowers, and medicinal resources [14]. In many cities of the developing world, including Southeast
Asia, such provisioning services from urban farms are strongly linked to food security and income
generation [6,9]. For example, studies have found that urban farms in Hanoi and Manila provide a
substantial amount of the food consumed by urban residents [15,16]. Likewise, studies in Malaysia
and Indonesia have also pointed to the significant contribution of urban farms to urban food security
and income generation [3,11,12]. Although urban farming in southeast Asia is mostly undertaken in
conventional ground level farms, allotments, and vacant lots, there are current efforts to explore the
potential of novel methods such as vertical farming systems to overcome space constraints [2,15,16].
It is worth mentioning that several scholars have argued that food produced in urban farms and
consumed locally has a lower environmental footprint (and is thus more sustainable) due to the
reduced distance between producers and consumers [17].
An emerging body of literature has focused on the cultural, supporting, and regulating services
provided by urban farms, and their positive outcomes for the quality of life of urban residents [18].
Urban farms can provide very diverse cultural services, ranging from biophilia [19], to education [20,21],
recreation [22,23], and social cohesion [22,24], among others. Key supporting and regulating services
include carbon storage [25], habitat for biodiversity [24,26], storm-water run-off regulation [27,28],
and temperature regulation [29], among others.
Considering the above, urban farms can be perceived as agricultural systems in which
environmentally conscious cultivation practices, the local economy, and relationships between people
can intersect fruitfully, thus creating a thriving local food system and strong communities, and ensuring
greater access to healthy, seasonal, and local food [30,31]. It has been argued that urban farms, due
to their great potential to provide ecosystem services [18,32], can become integral parts of green
infrastructure [5,13,14], not least by promoting green production activities (e.g., organic and nutritious
food with a low environmental footprint) and social inclusion. In fact, urban farming has been
identified as a possible intervention to foster green economic transitions in cities and a tool to address
urban social, economic, and environmental challenges [33–35]. These multi-dimensional benefits of
urban agriculture are becoming increasingly important considering rapid global urbanization, which
poses a serious threat to sustaining cities in relation to food security, social services, human wellbeing,
and environmental quality [36]. However, due to the rapid economic change and urbanization in
many parts of the world, urban and peri-urban farmland is under pressure [37–39], including in many
Southeast Asian cities [15,40].
Such an example has been Myanmar, which has been undergoing a major socioeconomic
transformation and urbanization, in tandem with efforts to transition to a green economy [41,42].
Currently, approximately 30% of the total national population (51.48 million) lives in urban areas
(increasing from 24.8% in 1983) [43], with this population projected to increase to 32.9% by 2025 [44].
Although urbanization rates are close to the regional average [45], urban population density increased
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rapidly from 6200 people/km2 in 2000 to 7500 people/km2 in 2010 [46]. At the same time, the Myanmar
government has embarked on an effort to transition to a green economy [41,42,47,48].
There is an emerging evidence base that the extensive land use change in urban and peri-urban areas
of Myanmar has taken a toll on urban and peri-urban agriculture in many cities [25,49]. Uncontrolled
urban expansion and land use change in Myanmar cities can potentially affect the ecosystem services
provided by urban green spaces (including urban farms) [25], thus having important ramifications for
the wellbeing of urban residents [49]. Yet, there is a major lack of evidence about the social, economic,
and environmental benefits of urban farming in Myanmar, which is amplified by its under-appreciation
in current policies and strategies that are mainly geared towards commercial agriculture [50–52].
The overall aim of the study is to examine how different types of urban farms provide ecosystem
services, focusing on Pyin Oo Lwin, one of the secondary cities of Myanmar. In particular, through
household surveys with different types of urban farmers we identify their general characteristics and
assess the provision of different provisioning, cultural, regulating, and supporting ecosystem services.
We focus on a secondary city as these cities (a) are particularly important in urbanization transitions in
developing countries (including Myanmar), and (b) receive much less attention in academic research
considering the very few relevant empirical studies, especially in Myanmar.
Section 2 outlines the methodology and introduces the main characteristics of Pyin Oo Lwin,
and the study sample. Section 3 highlights the type and level of ecosystem services provision from
the studied urban farms, namely seasonal crop farms, coffee farms, and nurseries. Section 4 puts
these findings into perspective discussing some of the main implications for urban planners, decision
makers, and city authorities for maintaining the provision of ecosystem services from urban farms,
and how it can contribute to green economic transitions in Myanmar.
2. Materials and Methods
2.1. Site Description
This study was conducted in Pyin Oo Lwin, one of the secondary cities of Myanmar. Pyin Oo
Lwin is located in the Shan Highlands, 67 km east of Mandalay, at an altitude of about 1000 m. The city
has a municipal area of approximately 102 km2 , with a population of 158,783 [53]. It is characterized
by favorable climate condition with fair temperature but high rainfall and humidity. Between 2008 and
2017 the average maximum and minimum temperatures were 27 ◦ C and 14 ◦ C, the average annual
rainfall 1523 mm, and the average humidity 77% [54].
Due to its pleasant climate, environment, and accessibility to scenic landscapes in its surroundings,
Pyin Oo Lwin has become a major tourism destination and a booming market for second home
ownership within Myanmar. Furthermore, the city was awarded with the 2nd ASEAN Environmentally
Sustainable Cities Award in 2011 for its good air quality [55], and has been designated a green city
pilot project by the Myanmar Government [56].
However, despite the large contribution of the tourism sector to the city’s economy, urban
agriculture is still quite prevalent in the city. The city contains many areas where urban agriculture is
performed on a variety of farm types, including many conventional small family farms used mainly for
food crop production (e.g., carrot, Chinese broccoli, mustard, radish) and flower production. The city
also contains larger coffee farms are owned both by the private sector and the government, producing
shade-grown coffee. Coffee farming was introduced by the Roman Catholic missionaries in the 1930s,
with the city known as the coffee capital of Myanmar due to its ideal growing conditions [57].
However, Pyin Oo Lwin has experienced significant expansion during recent decades. In particular,
land use change associated with urban expansion converted large amounts of urban and peri-urban
green spaces, including agricultural areas [25]. A recent study estimated that food crop farms declined
from 2966.53 ha in 1988 (29.2% of urban area), to 1410.71 ha in 2018 (13.9% of urban area) [25]. On the
contrary, net changes in coffee area have been miniscule, with the overall extent of coffee farms standing
at 756.58 ha (7.5% of urban area) [25].
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provisioning services and associated issues (e.g., food production, agricultural inputs, economic
benefits, nutrition), and (d) perceived cultural services (and related social benefits), regulating services
(i.e. climate regulation, pollution regulation), and supporting services (i.e., habitat for wildlife).
Each survey lasted 45–60 minutes and all surveys were collected between August and September 2017.
The provisioning services were captured based on the actual output of the farm during the
previous growing season. Collected variables included types of farm products, production quantity
for each product, farm area allocated for each product, market price per unit for each product, and
major market for each product. To assess the provisioning ecosystem services associated with crops
we estimated product yields (ton/ha) by averaging for each product the observations from each farm.
We estimated the monetary value of provisioning services (i.e., production quantities) through the
market prices for each farm product as quoted by farmers, and cross-referenced with prevailing prices
in city markets. We estimated the net economic output per unit area (ha) by subtracting the expenditure
for farm inputs (i.e., fertilizers, agrochemicals). The monetary values were captured in Myanmar Kyat
(MMK) and converted into US dollars (USD) by using the average exchange rate during the collection
period (1 USD = 1353 MMK).
In addition to estimating the quantity and economic value of farm products, we also collected
information about the production of medicinal plants and other plants with traditional uses (e.g.,
in local dishes, decorative) and the possible benefits of provisioning services to diets and social cohesion
through the self-consumption and sharing of farm products, respectively. We also assessed the provision
of some regulating and supporting ecosystem services, as well as intangible benefits associated with
cultural ecosystem services. The studied cultural ecosystem services included (a) aesthetical pleasure,
(b) biophilia, (c) education and personal development, (d) exercise and physical recreation, (e) leisure,
(f) mental and psychological benefits, (g) spiritual experience, and (h) social cohesion and integration.
The regulating and supporting services included (a) habitat for biodiversity, (b) climate regulation,
and (c) air pollution regulation. These possible benefits were identified through a literature review
(see Section 1) and discussions with local experts and residents during the development of the survey.
To elicit the provision and importance of these services we followed a two-stage process. First,
we asked respondents whether they derive these benefits (for diet, medicinal plants, traditional plants,
and cultural ecosystem services) or they believe that their farms provide these benefits (for regulating
and supporting services). Subsequently we asked the participants that answered “Yes”, what is the
importance of these services for themselves or their households. Responses were captured using a
5-level Likert scale where: 1 = Not important at all, 2 = Slightly important, 3 = Moderately important,
4 = Very important, and 5 = Extremely important. This 2-step process followed many other studies
seeking to elicit the non-monetary value of ecosystem services, including from urban agriculture [22].
3. Results
3.1. Main Farm Characteristics
We performed surveys with 101 seasonal crop farmers, of which 52 were males (51%) and
49 females (49%). Most seasonal crop farm respondents fell in the 46–55 years age category (34% of
respondents), and had mostly finished middle school (47%). The average family size was 5 people
per household and the total monthly household income for 57% of seasonal crop farmers was MMK
100,000–500,000 per month (USD 80–400/month), while only 8% earned less than MMK 50,000 per
month (USD 40 per month) and 6% earned more than MMK 1,000,000 per month (USD 800 per month).
Approximately, 63% of the respondents were undertaking urban farming only for commercial purposes,
28% for both commercial purposes and household consumption, and only 9% only for household
consumption (i.e., subsistence).
The sizes of the seasonal crop farms ranged from 0.004–3.86 ha, and 63% were family-owned
farms, with the rest being owned by single individuals (26%), trusts (10%), private firms (1%), and
the government (1%). Figure 2 outlines the size distribution of the seasonal crop farms, showing
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and 5 types of flowers, while coffee farms produce 2 coffee varieties, Arabica and Catimor (Table 1).
Nurseries produce a very large variety of species that for reasons of simplicity are categorized into
four groups namely: ornamental plants (e.g., flamingo lily (Anthurium andraeanum), butterfly palm
(Dypsis lutescens), Chinese perfume plant or Chinese rice flower (Aglaia odorata)); (b) shaded/commercial
plants (e.g., Gmelina arborea, padauk (Pterocarpus Indicus), silver oak); (c) herbal plants (e.g., aloe vera,
Melastoma malabathricum, red sandalwood); and (d) edible plants (e.g., avocado, Diamond mango,
jackfruit, drumsticks (Moringa oleifera)) (Table 1).
For crops of seasonal crop farms, Chinese broccoli, mustard, and carrot (non-hybrid) are the most
popular crops in terms of the number of farms growing them. However, an appreciable number of
seasonal farms produce high value crops such as strawberries (Table 1). The chrysanthemum is the
most widely grown flower followed by the chrysanthemum ‘Stella’ (Table 1). In coffee farms the two
coffee varieties are the major output, with average yields of 1.07 t/ha (Arabica) and 0.99 t/ha (Catimor).
Furthermore, a few farms produce an estimated 0.49 t/ha of various fruits as a secondary product
from the shade trees, usually jackfruit, avocado, and macadamia. In nurseries, herbal plants are the
most prevalent in terms of number of plants (6984 plants) followed by ornamental plants (5811 plants),
shaded/commercial plants (3495 plants), and edible plants (3001 plants).
Table 1. Average yield and economic value of urban farm products.
Products

1
2
3
4
5
6
7a
7b
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Number
of Farms

Average Yield
(t/ha)

Seasonal crop farms
Ash pumpkin
1
20.00
Avocado
2
3.34
Banana
2
3.63
Basil
1
0.01
Bean
1
9.04
Cabbage
5
25.42
Carrot (hybrid)
8
27.58
Carrot (non-hybrid)
16
20.30
Chayote shoots
2
4.59
Chayote squash
2
4.75
Chili
5
3.05
Chinese broccoli (Gai lum)
34
10.76
Chives
1
0.03
Coriander
8
2.97
Cow pea
2
5.62
Dill
4
0.64
Dragon fruit
2
1.65
Eggplant
1
1.20
Flower (Chrysanthemum ‘Stella’)
22
13,626 bundles
Flower (Chrysanthemum)
44
11,900 bundles
Flower (Gladiolus)
2
4594 bundles
Flower (Globba)
4
62,475 bundles
Flower (Ester)
1
358 bundles
French bean
5
6.16
Garlic
16
3.50
Green pea
3
12.12
Green pea leaves
1
5.70
Guava
1
3.22
Lettuce
7
10.10
Lychee
1
0.57
Maize
3
1.82

Economic Value
(USD/ha)
277.16
831.49
315.96
1.85
1670.36
2297.92
3393.55
3984.16
4525.44
905.40
616.68
1241.24
447.15
487.81
953.74
1007.02
638.84
237.57
3670.24
8026.42
3757.85
3410.69
297.95
1048.04
1036.49
1108.03
1123.43
264.23
562.40
19.15
1002.40
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Table 1. Cont.
Number
of Farms

Products
31
32
33
34
35
36
37
38
39
40
41
42
43
44

Mustard
Onion
Paddy rice
Papaya
Persimmon fruit
Potato
Radish
Roselle
Snow pea
Spring onion
Stem lettuce
Strawberry
Tomato
Water spinach

1
2

Coffee (Arabica)
Coffee (Catimor)

1
2
3
4

Ornamental plants
Shaded/commercial plants
Edible plants
Herbal plants

19
3
3
1
1
3
13
1
2
2
3
16
1
1
Coffee farms
10
10
Nurseries
12
18
13
4

Average Yield
(t/ha)

Economic Value
(USD/ha)

6.41
1.52
3.13
2.00
7.59
25.80
5.99
0.15
8.31
4.37
30.35
17.74
11.44
3.38

979.55
167.91
266.90
46.19
47.87
1597.96
954.47
9.24
3694.59
384.45
1713.35
4077.93
479.17
124.72

1.07
0.99

27,827.56
4119.17

5811 plants
3495 plants
3001 plants
6984 plants

2759.10
4059.47
1694.87
2120.37

By using market prices (Table S1, Supplementary Material), it is possible to estimate the monetary
value of the provisioning services provided by the different types of urban farms (Table 1). By subtracting
the expenditures for farm inputs (e.g., fertilizers/pesticides, seed, other material) it is possible to
estimate the net economic value generated per unit area. Seasonal crop farms generated on average
4,544,089.00 MMK/ha (3365.99 USD/ha), coffee farms 3,367,882.00 MMK/ha (2489.20 USD/ha), and
nurseries 9,346,639.58 MMK/ha (6908.09 USD/ha) (Table 2). However, the cost of farm input is highly
variable between farm types and accounts for a large fraction of the total generated value, especially
for nurseries and seasonal crop farms (Table 2).
Table 2. Economic output of provisioning services provided by different types of urban farms.

Seasonal farms
Coffee farms
Nurseries

Total Economic
Output
(MMK/ha)

Expenditure
for Inputs
(MMK/ha)

Input Expenditure
(% Total Production
Output)

Net Economic
Output
(MMK/ha)

Net Economic
Output
(USD/ha)

7,252,017.00
4,063,284.00
23,163,106.25

2,707,929.00
695,402.00
13,816,466.67

37.3
17.1
59.6

4,544,089.00
3,367,882.00
9,346,639.58

3365.99
2489.2
6908.09

Commercial crop species dominate urban farming in the city but a small minority of seasonal
crop farmers (28%) and coffee farmers (30%) grows some small quantities of traditional edible plants,
seasonings, and plant varieties that are uncommon in some markets. For example, some seasonal
farmers reported the production of mint, Centella asiatica, Crateva religiosa, turmeric, and wild ginger,
while coffee farmers planted some rarer plant varieties, such as agarwood, Cissus discolor Blume,
sandalwood, and petai beans. However, the majority of nursery growers (85%) planted traditional
plant varieties such as Cissus discolor Blume, with only a small minority using the nurseries to grow
common commercial plant species. Nursery growers considered these traditional varieties to be much
more important compared to seasonal crop farmers (Figure 3)
Approximately 57% of seasonal crop farmers and 67% of coffee farmers used some small parts of
their farms to grow plants with local medicinal uses such as aloe vera, Centella asiatica, Crateva religiosa,
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Cissus discolor Blume, dill, turmeric, roselle, wild ginger, agarwood, and petai beans, among others.
The vast majority of nursery growers (85%) produced and sold many different medicinal plants, such as
Melastoma malabathricum, Rauvolfia serpentian, Indian snakeroot, and Alysicarpus vaginalis, among others.
In this case, the nursery growers perceived these medicinal plants as important for their households
compared to seasonal crop farmers (Figure 3).
Finally, most seasonal crop farmers (93%) and coffee producers (90%) attested that consuming
some of their farm products helped them achieve balanced nutrition and/or a healthy diet, especially
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3.3. Cultural Ecosystem Services
3.3. Cultural Ecosystem Services
Most respondents report that they receive different cultural ecosystem services from their farms
Most respondents report that they receive different cultural ecosystem services from their farms
(Figure 4). Coffee farmers and seasonal crop farmers report rather similar patterns regarding cultural
(Figure 4). Coffee farmers and seasonal crop farmers report rather similar patterns regarding cultural
ecosystem services, with aesthetical pleasure, mental/psychological benefits, and nature and spiritual
ecosystem services, with aesthetical pleasure, mental/psychological benefits, and nature and spiritual
experience being the most prevalent (Figure 4). Similarly, all nursery growers obtain almost all cultural
experience being the most prevalent (Figure 4). Similarly, all nursery growers obtain almost all
ecosystem services through their engagement with their farm, including aesthetical pleasures, biophilia,
cultural ecosystem services through their engagement with their farm, including aesthetical
education and personal development, leisure, mental/psychological benefits, nature and spiritual
pleasures, biophilia, education and personal development, leisure, mental/psychological benefits,
experience, and social cohesion and integration (Figure 4). In terms of the importance of these intangible
nature and spiritual experience, and social cohesion and integration (Figure 4). In terms of the
benefits, respondents across all groups assigned high importance to these cultural ecosystem services
importance of these intangible benefits, respondents across all groups assigned high importance to
to them and their families (Figure 5).
these cultural ecosystem services to them and their families (Figure 5).

Agriculture 2019, 9, x FOR PEER REVIEW
Agriculture
2020,
10,9,140
Agriculture
2019,
x FOR PEER REVIEW

10 of 17
1010
of of
17 17

Figure 4. Cultural
ecosystemservices
services perceived
perceived by
(a) seasonal
crop farmers,
(b) (b)
coffee
farmers,
and
Figure
ecosystem
seasonal
farmers,
coffee
farmers,
Figure4.4.Cultural
Cultural ecosystem
services perceived
byby
(a) (a)
seasonal
cropcrop
farmers,
(b) coffee
farmers,
and
(c) nurseries.
and
nurseries.
(c)(c)
nurseries.

Figure 5. Farmer perception about the importance of cultural ecosystem services derived from
Figure
5. Farmer perception about the importance of cultural ecosystem services derived from urban
urban
farms.
Figure
5. Farmer perception about the importance of cultural ecosystem services derived from urban
farms.
farms.

3.4. Supporting and Regulating Ecosystem Services
3.4. Supporting and Regulating Ecosystem Services
of seasonal
cropServices
farmers, 100% of coffee farmers, and 90% of nursery growers
3.4.Approximately
Supporting and 96%
Regulating
Ecosystem
Approximately
96%providing
of seasonal
crop for
farmers,
100%
of coffee
farmers,
and 90%that
of seasonal
nursery
stated that
their farms were
a habitat
wildlife.
Many
respondents
confirmed
Approximately 96% of seasonal crop farmers, 100% of coffee farmers, and 90% of nursery
growers
stated that
their farmssuch
wereas
providing
a habitat
for wildlife.
Many respondents
confirmed
crop
farmsstated
attract
small
birds, abees,
butterflies,
rats,Many
snakes,
moles, and
squirrels.
growers
that
theiranimals
farms were providing
habitat
for wildlife.
respondents
confirmed
that
seasonal
crop
farms
attract
small
animals
such
as
birds,
bees,
butterflies,
rats,
snakes,
moles,
and
Similarly,
the coffee
farmsattract
weresmall
identified
as such
habitats
for different
bird species
such asmoles,
pheasants,
that seasonal
crop farms
animals
as birds,
bees, butterflies,
rats, snakes,
and
squirrels.
Similarly,
the
coffee
farms
were
identified
as
habitats
for
different
bird
species
such
as
junglefowls,
doves, andthe
crows.
commonly,
animals as
such
as rabbit,
and butterflies,
squirrels. Similarly,
coffeeLess
farms
were identified
habitats
for squirrels,
different cobras,
bird species
such as
pheasants,
junglefowls,
doves,
and
crows.
Less
commonly,
animals
such
as
rabbit,
squirrels,
cobras,
were
encountered
in coffeedoves,
farms.and
Nurseries
werecommonly,
mostly identified
assuch
bird as
habitats
thancobras,
habitats
pheasants,
junglefowls,
crows. Less
animals
rabbit,rather
squirrels,
for other types of wildlife. About 41% of seasonal crop farmers indicated that they benefited from bees
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through pollination services. Some seasonal crop farmers (35%) noted that they enjoyed bird songs and
observing small mammals playing in their farms, while more than half of the nursery growers (55%)
mentioned that they felt really peaceful due to interaction with birds and mammals. This suggests
strong links between supporting and cultural services (see Section 4).
However, not all farm biodiversity was considered to be beneficial. For example, 59% of seasonal
crop farmers complained about harmful insects and mammals, including caterpillars that consumed
vegetables and flowers, moles that dug burrows and destroyed roots, and rats that ate fruits and other
crops. Many coffee farmers (65%) identified squirrels and some birds that eat coffee fruits as harmful
species. Similarly, 45% of the nursery growers stated that some insects and mammals consumed the
tender leaves of their plants, and considered them as pests.
Most seasonal crop farmers (88%) perceived that farm vegetation regulates the local climate by
lowering air temperature, noting that they enjoy the fresh and cool air when they are in their farms
compared to areas without green spaces around the city. Conversely, 12% of seasonal crop farmers
stated that they do not experience any such benefits due to the fact that their farms contain only small
plants rather than big trees. All coffee farmers (100%) agreed that their farms provide substantial
climate regulation services (e.g., fresh and cool air, lower temperature) due to the substantial tree cover
in coffee farms. However, far fewer nursery growers (55%) experience such local climate regulation
benefits. The average importance score of this climate regulation service was 4.14 for seasonal crop
farmers, 4.00 for coffee growers, and 2.65 for nursery growers.
Finally, we explored possible air pollution regulation benefits. Compared to other services,
the fraction of respondents that identified such benefits is much lower, standing at 54% for seasonal
crop farmers, 60% for coffee farmers, and 65% of nursery growers. In terms of importance, scores were
4.06 for seasonal crop farmers, 3.95 for coffee growers, and 4.05 for nursery growers.
4. Discussion
4.1. Synthesis of Findings
Our analysis suggests that the studied urban farms in Pyin Oo Lwin provide multiple and very
diverse ecosystem services (Section 3), which collectively contribute directly to various constituents of
human wellbeing such as (1) food security, (2) local livelihoods and urban economic growth, and (3)
public health and social cohesion. This reflects the emerging literature about the multiple benefits derived
from urban farms and its substantial contribution to the wellbeing of urban residents, e.g., [59] (Section 1).
In terms of food security, the studied seasonal crop farms produce a substantial amount of food
crops (44 varieties, Table 1) that are sold in the market and/or consumed within households (Table
S2, Supplementary Material). Although coffee is the main crop produced in the studied coffee farms,
some minor food products (mainly fruits, nuts) are produced through intercropping with shade trees
(Section 3.1). Collectively, these food crops can contribute to balanced and nutritious diets not only
within the producer households, but possibly also within the city more broadly as has been argued
in other studies, e.g., [59,60]. It should be noted that compared to national average crop yield data,
the non-representative sample of the surveyed urban farms in Pyin Oo Lwin has similar yields for
some crops (e.g., paddy rice, tomato, coffee) but there are some discrepancies for other crops [57]. It is
not clear why these discrepancies emerge, but can possibly depend on multiple non-sampling-related
factors, such as crop varieties, soil nutrient weather conditions, location and farming techniques,
among others, as studies in other urban agriculture contexts have suggested [61].
The output of the studied seasonal crop farms is mostly sold in markets, especially local, regional,
and national markets (9%, 29% and 63%, respectively). Similarly, the output of the surveyed coffee
farms and nurseries is completely sold in markets. Thus, farming is the major livelihood activity for
most of the interviewed urban farmers, but generating different levels of economic output (Section 1).
Nurseries generate the highest net economic output per unit area (6908.09 USD/ha), followed by
seasonal crop farms (3358.53 USD/ha) and coffee farms (2489.20 USD/ha) (Section 3.2). Furthermore,
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based on field observations during data collection some of the larger surveyed commercial farms
(especially coffee farms) provide employment to agricultural laborers and experts, but the overall
employment generation was not estimated as it was beyond the scope of this study. The above suggests
that urban farms can possibly contribute to urban economic growth through income and employment
generation, a phenomenon that has been observed in many other studies on urban agriculture [62,63].
It can be argued that urban farms could also contribute to public health and social cohesion through
both provisioning and cultural ecosystem services. In our study sample, this is achieved through
different pathways, such as the cultivation of medicinal plants, nutritious diets, and the sharing of
food with other community members, as discussed below. For example, many seasonal crop farms
and nurseries produce medicinal plants that are used either directly (seasonal crop farms) or sold
(nurseries) (Section 3.2). Some respondents indicated that the use of these medicinal resources is very
important (Figure 3, Table 1), suggesting their appreciable positive effects for the health and wellbeing
of some households. Similarly, many seasonal crop farmers indicated that the self-consumption of
their own fresh farm products offers balanced nutrition and a healthy diet (Figure 3) (see also [64,65]).
Many respondents across all farm types pointed to some of the intangible health-related benefits
derived from their farms, some of which can linked to specific cultural ecosystem services. For example,
nearly all farmers within our sample reported that they derive cultural ecosystem services from their
farms related to exercise, physical recreation, leisure, and other benefits that contributed to their mental
and psychological health (Figure 4). The importance of these ecosystem services varies substantially
between farms, suggesting that these cultural services might be very important for some farmers and
less so for others. Nevertheless, the rather uniform agreement between farmers regarding the provision
of cultural ecosystem services linked to positive health outcomes reflects the emerging literature about
the health-related intangible benefits of urban farming (e.g., [66,67]).
One interesting finding is that many respondents share their products with family, neighbors, and
friends, or donate to monasteries (Section 3.2). Although the shared amount of crops is relatively low
compared to the overall farm output (Table S2, Supplementary Material), such activities can have a
substantial benefit in improving good social relations and forging social cohesion (Figure 4). Many
studies have indeed suggested similar findings, with sharing of food [68] and urban agriculture more
generally playing a major role in building a harmonious co-existence and social cohesion, e.g., [22,24,69].
Even though the survey respondents alluded mostly to the positive effects of urban agriculture,
some respondents mentioned some negative effects such as harmful pests and animals (e.g., snakes,
insects) (Section 3.4). In fact, an emerging body of literature has pointed to some of the negative effects
of urban agriculture on: (a) water scarcity through irrigation in water-constrained environments [70];
(b) public health risk through grey-water irrigation or water pollution from agrochemical use in densely
populated areas [71]; (c) disease risk through inducing pesticide resistance to harmful insects (e.g.,
mosquitoes) [72]; (d) food safety risks through the accumulation of harmful substances on crops due to
atmospheric and soil pollution [73,74]; and (e) social conflicts and loss of cohesion through urban land
grabs and gentrification [75,76]. Such negative trade-offs need to be considered properly in efforts to
promote farming to enhance urban sustainability (Section 4.2).
Finally, it should be noted that due to the lack of comprehensive farmer lists we could not adopt a
probability-based sampling approach (Section 2.2). For seasonal farms our study focused on the main
agricultural land clusters identified though site observation, expert interviews, and remote sensing,
while for nurseries and coffee farms we used snowball sampling (Section 2.2). Even though it can be
argued that the clusters are responsible for the bulk of the seasonal farmers and farms’ output, and
that it is appropriate to use snowball sampling due to the low number of coffee farms and nurseries,
it is possible that the samples are not perfectly representative of the entire urban agricultural practices
in the city. In this sense the results outlined in Section 3 should be interpreted and generalized with
caution. Future research should seek to expand the scope of this study by (a) capturing a representative
sample of farmers, (b) considering the possible negative effects of urban agriculture, and (c) eliciting
the perceptions (and possible benefits) of urban agriculture to surrounding non-farmer households.
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4.2. Policy and Practice Implications and Recommendations
As mentioned in Section 1, Myanmar has embarked on a coordinated policy effort to transition to
a green economy [41,42,47,48]. Investing in natural capital and sustainable cities are two of the three
key priority areas in the ongoing green economy efforts [42]. It has been argued that safeguarding the
flow of ecosystem services from urban green spaces, such as urban farms, can contribute positively to
multiple elements of the green economy, such as economic growth, employment/occupation generation,
health and food security [34,35]. In this sense, “investing” in the natural capital contained in urban
farms can possibly ensure the continuous delivery of the diverse ecosystem services from urban
agriculture (Section 3), and thus contribute positively to green economic transitions in Myanmar.
To ensure the continuous delivery of provisioning services from urban agriculture it would be
necessary to ensure both high farm productivity and economic benefits to producers. This would
most likely require some sort of mechanism to enhance the economic gains from engagement in urban
agriculture, such as improving market linkages and providing economic support to mitigate the high
economic costs of agricultural inputs. Regarding the latter, and considering the high expenditures on
farm inputs in seasonal crop farms and nurseries in our sample (37.3% and 59.6% of total economic
output respectively, Table 2), there might be a need to mitigate such costs through subsidies or tax
exemptions. However, further research would be needed to identify the potential sums and payment
modalities for such economic incentives.
Furthermore, considering the relatively small size of many farms within our sample (Figure 2),
the promotion of advanced farming techniques and knowledge about product branding and marketing
could help maximize agricultural output and/or value addition, without compromising the ability of
the land to provide sustained levels of ecosystem services considering the intensive cultivation regime
in some farms (Section 3.1).
When considering the broader farm benefits in terms of cultural and regulating services, it might be
worthwhile to explore the possibility of integrating urban farms into broader green infrastructure [13,14].
Indeed, many scholars and international organizations have argued that green infrastructure can
contribute to green economic transitions in urban contexts [34,35]. However, to achieve this there is a
need to build appropriate capacity among the different local government departments tasked to design
green spaces and develop and implement appropriate urban plans. This capacity is currently lacking
in most cities of Myanmar, and especially the smaller secondary cities such as Pyin Oo Lwin (pers.
comm. Sein Lann, Pyin Oo Lwin). Building such capacity at the local level would require, among
other achievements, the training of city officials and a closer interaction with national and international
research institutions about the multiple benefits of urban farms, as well as how to integrate them into
green infrastructure for the broader benefit of urban residents.
Notwithstanding the above, efforts to promote urban agriculture in Myanmar or integrate it into
green infrastructure should also consider any possible negative effects related to water scarcity, water
pollution, public health, and social cohesion (Section 4.1).
5. Conclusions
This study examined how urban farms in Pyin Oo Lwin (a secondary city of Myanmar) can
provide different ecosystem services, which collectively contribute to multiple constituents of human
wellbeing, such as food security, economic growth, health, and social cohesion. We surveyed farms
representing the three different types of urban farms (i.e., seasonal crop farms, coffee farms, and
nurseries), but due to information constraints it was not possible to adopt probability-based sampling.
Nonetheless, we identified that nearly all of the surveyed farms provide multiple provisioning, cultural,
regulating, and supporting ecosystem services.
Food crops and commercial crops (e.g., coffee) are the major provisioning ecosystem services
associated with the sampled urban farms, with a few farms also producing medicinal plants or other
traditional plant varieties with niche markets/uses. These ecosystem services contribute primarily to
farmer livelihoods and secondarily to household food security (through self-consumption) and health
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(through nutritious diets and medicinal products). Interestingly food sharing with family, neighbors,
and friends is a common practice among our seasonal crop farmers, with many respondents claiming
that it increases social cohesion. Almost all surveyed urban farms also provide very diverse cultural
services to their owners, thus ensuring the delivery of intangible benefits that have a positive effect on
human wellbeing.
It is argued that ecosystem service delivery from urban farms such as those studied in this paper
could contribute positively to the ongoing efforts of the Myanmar government to transition to a green
economy. In this sense, ensuring the continuous supply of ecosystem services from urban agriculture
would be a pre-requisite, and would entail various actions related to enhancing the profitability of
urban farms, avoiding their degradation, and, if possible, integrating them into larger urban planning
interventions such as green infrastructure. These would most likely require the coordinated action of
urban planners, decision makers, and city authorities to develop proper policies and urban plans that
consider and internalize the multiple benefits offered by urban agriculture.
Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0472/10/5/140/s1,
Table S1. Urban farm products and average market prices reported by farmers (in MMK), Table S2: Different uses
of urban farm products.
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