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Sustainability Agriculture

»What is Sustainable Agriculture?
-- A broad concept which involves the eco-system of agriculture

-- Growers can use methods to promote soil health, minimize water use,
and lower pollution levels on the farm.

-- Consumers and retailers can look for “values-based” foods that are
grown using methods promoting farmworker wellbeing, that
are environmentally friendly, or that strengthen the local economy.

»Regardless, the existence of FARMS or FARM HOUSEHOLDS is an
essential point.



http://ucanr.edu/sites/Nutrient_Management_Solutions/stateofscience/Soil_Health_894/
http://ciwr.ucanr.edu/California_Drought_Expertise/droughttips/
http://ucanr.edu/sites/Nutrient_Management_Solutions/Management_Goals/N2O_Reduction_Management_Goal/
https://sarep.ucdavis.edu/sustainable-ag/values-based-supply-chains
https://aghealth.ucdavis.edu/educational-materials
https://sarep.ucdavis.edu/are

What are the targets for farm sustainability?

* Concept and Measure of farm sustainability
-- A very broad concept
-- Objective vs. Subjective indexes
* “Profitability” perhaps is the workable and practical index.
-- easy to collect; an objective measurement
* What determine farm profit or farm household incomes?
-- Borrow the wisdom from economic theory (profit maximization;
agricultural household model)
-- Farmland, Labor, and Other production inputs (water, fertilizer)
-- Price factors (usually assumed to be exogenous)
-- Government policy (policy implications)



Let us look at Farm Profitability

»Economics tell is a lot of story and provides foundation to address this
ISSue.

-- Profit Maximization Model
-- Agricultural Household Model
> The Profit Maximization Model

Max 7 = Pxf(L,Z)xe—yxL-wxZ+g(s,L)
Z*=7(P,r,w;s;¢)
L*=L(P,r,w;s;¢&)

How Do We Learn from the Profit Maximization Model ?




Agricultural Household Model

* Provide a theoretical framework when time allocation matters.
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* In general, farmers can spend time on “farming”, “off-farm work”,
and “leisure”.

* This model allows to analyze the off-farm employment, farm
production, and government policy at the same time.

* For most of the developing countries, off-farm work plays
significant role to determine farm household income.

* This model also allows to discuss the “intra-family transfer or
dependency”. Husband vs. Spouse vs. Children



Agricultural Development in Taiwan



What do we learn from this picture?
1. Taiwan is an island

INn Economic/Aaricultural Develo
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Participants in Taiwan’s agricultural sector

Regular households involved in the
raising of crops, cattle, poultry, bee
~ and silkworm rearing, and other
"~ production operations.

Farmer and Rancher

Agricultural production units other
than farmers, and this category
includes corporations, partnerships,
sole proprietorships, NGOs,
governmental entifies, school
experimental farms, etc.

Lack of legal personality, 5,622
groups, and 118,210 members)

(some companies have joined into this
sector in the past several years)

Offer multifaceted services to farmers,
including supply and marketing, promotion,
credit, insurance, eftc.

302 associations and 1,745,946 members
o}



Farms in Taiwan’s agriculture
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Farmland area and changes

By the end of 2020, the total area of farmland for agriculture in Taiwan was 557,097

hectares, with 95.7% belonging to individual farmers.
Farmland is mainly concentrated in the southern and central regions. These counties

and cities make up 73.5% of the total area.

Area (hectare)
I Less than 10,000
10,000~ Iless than 30,0¢(
| 30,000~Iless than 50,0
|| 50,000~Iess than 70,0(

1,000 hectares

- 70,000 or more

2005 2010 2015 2020



Scale of arable farmland held by farms

3.0 ha less than 5.0 ha,
1.73% More than 5.0 hq,
- 1.11%

77.51% 73.37%

84.46%




Farm household income

Farming only accounts for 32.57% of their total income.

2017 1,292,578 1,050,176 236,033 1,351,874 497,387
2018 1,310,447 1,099,325 260,730 1,375,478 485,553
2019 1,335,845 1,128,496 271,371 1,407,994 483,311
2020 1,356,343 1,128,493 273,913 1,466,606 490,231
2021 1,378,390 1,173,613 277,558 1,549,168 504,505

(23.65%) (32.57%)



Managers involved in agriculture, forestry, fishery, and animal husbandry in Taiwan are

Agricultural operators by age

aging. The percentage of those aged over 65 has risen from 42.7% at the end of 2005 to

48.8%

at the end of 2020.

5.99% 48.94%

12.74%

12.58%

15.11%

6 i 741,265

Averagd

767,228
32.24%

e 769,977

Averags

27.56% /3416
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Agriculture demographics by gender

Most of the agricultural workers in Taiwan are own-account (self-employed) or unpaid family

members, with a slight increase in the proportion of paid employees.

Over 70% of male agricultural workers are self-hired workers, while nearly 80% of female workers are

unpaid family members or paid employees. Taiwan agriculture is still primarily operated by males.
60
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Employee and unpaid workers in agriculture
by type of operating organization

Observed by organizational type, farmers employ an average of 2.9 people per
household, of which 65.9% are temporary workers; each farm employs an average of 11.8
people, the majority of whom are permanent workers (79.0%).

Average Number of

PEen:r:; r;zr;t -Le:;:g;aez Unpaid worker Labor
Per Household
Persons
Total 94,870 28,804 52,751 13,315 3.40
Farmer 76,288 14,120 50,276 11,892 2.90
Farm 18,582 14,684 2,475 1,423 11.80
Percent (%)
Total 100.00% 30.36% 55.60% 14.03%
Farmer 100.00% 18.51% 65.90% 15.59%
Farm 100.00% 79.02% 13.32% 7.66%



Agricultural Workers' Education

Farmers with a senior middle school degree (high school, vocational school) are
31.3%, while 19.5% had a college degree or higher. It shows that farm workers'
educational backgrounds are constantly improving.

|
29.49% 19.73% 31.27% |

37.31% 20.54% 27.84%
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Human resource problems in Taiwan

< Policies and approaches for increasing the
number of young farmers

Lack of new entrants

W JU A Lack of local manpower
i (N O Competing with other industries for

Manpower

< Policies and approaches for overcoming
workforce shortage in the agricultural sector

17



Working conditions influence people's willingness to
work in agriculture

Small scale Uncertain working hours | Low income

v Small-scale agriculture is v }Nc?r;]king hourTs TUTST c]?;;espond v The income is
unsuitable for automation IS SIS SICIS @IS lower than that of

and mechanization climate other industries
v' Seasonal labor shortages

Poor working conditions Skills requirement

v' There is no occupational accident and v' Technical ability was essential for
labor insurance for agricultural workers agricultural machinery operators and
v' The environment is hot, humid, or cold farm managers

‘ A huge gap with the current situation of
agriculture

Most young people want a job with a stable income, social security, and

a comfortable working environment.
18



Temporary labor shortages in the agricultural sector

In 2016, agricultural labor shortages are most prevalent in central and southern Taiwan.
These labor shortages have been especially difficult for farmers who cultivate products such
as fruits and vegetables.

the proportion of

crop types h tOt: : d Itl;e prcr:portion oof temporary labor
(households) labor shortages (%) shortages ( %)

Crops 265,093 98.96% 93.03%
Rice 44,570 3.06% 5.55%
Coarse Grains 13,257 1.52% 2.39%
Special Crops 16,196 13.38% 8.36%
Tea 6,924 11.01% 5.42%
Vegetables 61,496 29.51% 27.99%
Fruits 119,132 47.61% 43.76%
Ornamental Plants 4,011 1.66% 2.15%
Seeds 4,187 0.95% 1.60%
Others 2,244 1.27% 1.21%
Mushroom 1,181 0.87% 0.95%
Livestock 11,034 1.04% 6.97%
Dairy 456 0.00% 0.43%

Swine 4,659 0.16% 2.50%
Chicken 3,217 0.85% 2.37%
Others 2,702 0.03% 1.67% 19




Challenges of Agricultural Development in Developed Countries

For developed countries (such as Taiwan), three significant challenges
In agricultural development have been recognized

»Old farm age structure

-- compared to developing countries, farmers are much older.
» Shrinking of farm size

-- the farm size decreased over time.
» Great pressure to import agricultural products

-- to be consistent with the spirit of the WTO.

20



Agricultural Labor Matching Platform

Provide salary, training

programs, tfransportation
subsidies, incentives, and
social insurance subsidies

Temﬁ kers

Permanent
Provide labor Employee of
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Agricultural Human Resources Platform
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Four major farmers’ welfare program
(socio-economic safety net for farmers)

S~ Farmers Health Insurance Occupational Accident ~
W ( Insurance for Farmers
y

Detc:Ol:}falmg people fr om qu"d' S0 :\ai"er:/er Increase farmers' occupational safety
actual farmer can join the farmer hea economic compensation

insurance
4 November 1, 2018
the trial of occupational injury began
¢ September 10, 2021
N Expansion to include occupational
diseases
= o Farmers' retirement

savings N

v Guarantee the economic security of

the elderly farmers

v Set up a personal account for farmers
retirement savings

J v Reward farmers for saving for

retirement Since January 1, 2021
23

Reduce the risk of income
instability from natural disasters

Since January 1, 2021
_ ry




Farmer Welfare Program



Old Farmer Pension Program in Taiwan

To secure elderly farmers’ economic wellbeing, the National Farmer
Health Insurance program (FHI) has been implemented in 1989.
»Farmers aged>=15 year can enroll in the FHI.

»FHI enrollees receive a favorable premium-benefit ratio and a premium subsidy. FHI

enrollees pay only 30% of health insurance premium, whereas other sector workers
pay 40%.

» In addition to medical services, FHI enrollees receive lump sum payments for

maternity, disability, and death as well as a pension upon turning age 65 (the OFP
payments).

»>1n 1995, FHI participants aged >=65 can receive NT$ 3,000 per month. In 2014, it has
Increased to NT$ 7,000 per month.

» The OFP payment Is a as-pay-as-you-go payment.

25



Who Are the Farmers You Can See In the Field?

26




Economic Impacts of the OFP on Farm Sector

» Account for a significant portion of agricultural budget.

-- The OFP payments account for 60-65%, on average, of
total agricultural financial budget in Taiwan.

» Lower farm productivity

-- The OFP payments provide incentives to elderly farmers
to stay In agriculture, which lower farm productivity.

» Delay family farm succession

-- The OFP payments may crowd out farm labor allocation
of the young generation within the family farm.

» Affect farmland market structure



Empirical Evidence of the Impacts of OFP

»Chang (AJAE, 2013) used the agricultural census data in Taiwan to
show that the OFP delay family farm succession plans of the farm
households (recognized as the outstanding paper in Agricultural
Extension Assocliation in Taiwan)

»Chen, Chang and Sun (2016) indicated that the OFP payments
available to elderly farmers increase nonfarm labor supply of the
younger generations within the farm household.

»Fan (ER, 2010) indicated that the OFP program is responsible for a
shrinking family farm structure over time.

28



_and for Rice Production and Set-aside
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Ratio of Food Self-Sufficiency
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A Revised Agricultural Development Act in 2000

> Prior to year 2000, only farmers were allowed to purchase
farmland and construct farmhouses. In consequence, the
sellers and buyers of farmland before year 2000 were
farmers, and the purposes of land transaction were largely
for farming activities. The policy of agricultural land before
Year 2000 was however criticized to have caused the lack of
economic competitiveness.

» The Agricultural Development Act was revised in year 2000.



» According to this policy reform, owners of agricultural land who satisfy the

following requirements are allowed to construct a
age of owners is over 20 or under but married. 2) T

nouse on his land. 1) The
"he registered address of

owners shall be in the same city/county as where t

ne land Is located. 3) The

agricultural land on which farmhouses are constructed needs to be at least
0.25 hectare in size. 4) The agricultural land is in farming uses.

»Not only farmers can purchase farmland after 2000.

»Why the government set the minimum restriction at 0.25 hectare?

-- It 1s thought that 0.25 hectare iIs the minimum si
of machinery and irrigation in farm production.

ze for the Implementation
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How Do Farmhouses in Taiwan Look Like
Today After 15 Years of the Agricultural
Development Act Reform?



A disorganized land scape Is observed




Farmhouses In Suburban Area Today
(I-Lan county, 1 hr from Taipei City)
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What i1s Wrong with the 2000 Ag. Dev. Act?

»Chang and Lin (2015) used the foreclosure farmland dataset from
1999 to 2008 In Talwan to examine the impacts of the 2000
Agriculture Development Act on farmland prices. In particular, they
focus on the minimum lot size (MLS) regulation on farmland values.

» They try to address the following issue:

-- Was the 2000 reform responsible for the increasing trends of
farmland prices in recent years in Taiwan?

37
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Labor Supply Elasticity in a Job Matched
Platform — Empirical Evidence from Matched
Farmworker-Farm Administrative Data

Hung-Hao Chang, Yi-Ting Hsieh
National Taiwan University
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Introduction & Literature review Models Results Conclusion
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Motivation

»Estimating labor supply response is a longstanding research topic.

»Farm work is challenging due to uncertain weather shocks. Empirical evidence on
farmworker’s labor supply iIs sparse compared to non-farm workers.

»Farm labor shortage is severe in many countries. In East Asia (Japan, Korea and
Taiwan), old-aged farm structure is evident.

» Glven acute farm labor shortage, how farmworkers respond to wage changes is of
critical importance.

»Labor supply elasticities are needed to be added and updated to accommodate the
nature of changing economy.

-- Digital platform economy

-- Flexible working schedule for piece-rated work

39
Labor Supply Elasticity in a Job Matched Platform — Empirical Evidence from Matched Farmworker-Farm Administrative Data 2122




Literature Review — digital platform

» Advanced digital technology has emerged in our life today (see Uber, Airbnb etc.).

»“Two-sided market” literature states the importance of across-platform externality
which may change labor supply of the workers.

»What is the platform externality?

-- Platform owners can charge zero prices on one aside, and be compensated by a
higher price of the other side (i.e. google).

»Hours of platform workers should be more elastic to wages due to the flexible
working schedule. However, on the other hand, workers may be willing to receive
lower wages If the across —platform externality iIs significant.

3/22



Introduction & Literature review Models Results Conclusion
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Literature review — income target hypothesis

»From behavioral economics literature, when workers have reference-dependent
preferences and specific income goals, they may use higher wages in a piece rate
system to achieve their goal by working fewer hours.

» Studies have found negative supply elasticities in piece-rate systems, especially on
taxi drivers (Camerer et al. 1997; Chou 2002; Crawford and Meng 2011; Agarwal
et al. 2015).

»U.S farm workers who are paid by piece rates tend to have “income target”
behavior (Richards, 2020).

41
Labor Supply Elasticity in a Job Matched Platform — Empirical Evidence from Matched Farmworker-Farm Administrative Data 4122




Introduction & Literature review Data Models Results Conclusion
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Agriculture and farm labor in Talwan

»Farm households account for 10% of the registered households in Taiwan.
»Farm labor force relies on family members of farm households.

» The average age of farm operator is 62 years old.

»80% of the farm household income comes from non-farm work.

» Food security concern generates pressure on agricultural production.

» Labor shortage problem of agricultural work is severe in Taiwan.

42
Labor Supply Elasticity in a Job Matched Platform — Empirical Evidence from Matched Farmworker-Farm Administrative Data 5/22




Introduction & Literature review Data Models Results Conclusion
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Research Objectives

» We estimate labor supply responses of farmwaorkers in a special context.
- Job matched platform between farms and farmworkers.
- In a piece rate scheme of farm labor.

» We highlight the role of platform externality on the estimation of labor
supply response.

» We test the income targeting hypothesis in a job matched online platform
for farmworkers.

» We provide comprehensive analysis of labor supply estimates using an
administrative matched farm-farmworker dataset.

43
Labor Supply Elasticity in a Job Matched Platform — Empirical Evidence from Matched Farmworker-Farm Administrative Data 6/22




Introduction & Literature review Models Results Conclusion
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Online job matched platform in Taiwan

» To mitigate farm labor shortage problem, Taiwanese government launched and
sponsored a job-matched digital platform in April of 2017.

» Operation of the platform:

Farms — - Farmworkers

»Wage salary is negotiated between farms and farmworkers.

»Government pays additional subsidies (flat rate per hour) to farmworkers.

»Government provides training programs to farmworkers registered in the platform.

44
Labor Supply Elasticity in a Job Matched Platform — Empirical Evidence from Matched Farmworker-Farm Administrative Data 7122
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Usage of the platform
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Models Results Conclusion
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Data

»Drawn from the administrative record of the platform.

» Include all successful matched pieces of jobs between April 1, 2017 and
December 31, 2020.

» Detailed information of farm and farmworker characteristics.
»We can “identify” each farmworker and farm.

»\We construct a matched farm-farmworker dataset for each piece of job that is
successfully matched in the platform.

> In total, 92,210 pieces of jobs (5,644 farms and 2,059 farmworkers).

46
Labor Supply Elasticity in a Job Matched Platform — Empirical Evidence from Matched Farmworker-Farm Administrative Data 9/22




Models Results

Variables (1): Key variables

Variable Definition Mean
Key variables

Hour Actual working hours per job (hrs). 58.16
Matched rate Matched rate of each job (0-1). 0.73

Wage Hourly wage (NT$/hour). 228

Externality Diversity of farms on the platform (0-1). 0.80

Labor Supply Elasticity in a Job Matched Platform — Empirical Evidence from Matched Farmworker-Farm Administrative Data

Conclusion

S.D

0.32

18

0.22

47

76.73
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Variables (11): Job and farm characteristics

Variable Definition Mean S.D
Job characteristics

Meal If meal provided (=1). 0.131 0.337
Harvest If harvest work (=1). 0.558 0.497
Weed If weed work (=1). 0.419 0.493
Prevention If prevent work (=1). 0.241 0.428
Prune If prune work (=1). 0.209 0.407
Thin If thin work (=1). 0.185 0.389
Farm-specific characteristics

Fruit If the farm mainly plants fruit (=1). 0.434 0.496
Vegetable If the farm mainly plants vegetable (=1). 0.253 0.435
Rice If the farm mainly plants rice (=1). 0.078 0.269
Flower If the farm mainly plants flower (=1). 0.023 0.148
Mushroom If the farm mainly plants mushroom (=1). 0.041 0.198
Tea If the farm mainly plants tea (=1). 0.024 0.152
Other crop If the farm mainly plants othercrop (=1). 0.130 0.336
Livestock If the farm mainly feeds livestock (=1). 0.018 0.132

11/ 22



Variables (111): Farmworker characteristics

Variable

Farmworker characteristics

Male

Elementary
Junior

Senior

College

Age?4

Age2534
Age3544
Aged554
Age5564

Ageb5
Training_long
Training_short
Training_no
Employ_self-farm
Employ_hired
Employ _non-farm
Employ _no
Team_professional
Team_technical
Team_cultivation
Team_machine

Definition

If a male (=1).

If primary or lower education (=1).

If junior high school education (=1).
If senior high school education (=1).
If college or higher education (=1).

if aged 24 or younger(=1).

if aged 25-34 (=1).

if aged 35-44(=1)

if aged 45-54(=1)

if aged 55-64(=1)

if aged 65 or older(=1)

If trained 30 days or more (=1).

If trained 1-29 days (=1).

If no training (=1).

If originally worked on self-owned farm (=1).
If originally worked on other's farm (=1).
If originally had no work (=1).

If originally worked off the farm (=1).
If an industry profession team (=1).

If a technique team (=1).

If a cultivation team (=1).

If a machine team (=1).

Mean

0.686
0.060
0.119
0.410
0.412
0.031
0.222
0.297
0.230
0.189
0.030
0.009
0.033
0.958
0.107
0.408
0.475
0.009
0.064
0.580
0.315
0.041

S.D

0.464
0.238
0.323
0.492
0.492
0.174
0.416
0.457
0.421
0.392
0.170
0.094
0.179
0.200
0.310
0.491
0.499
0.096
0.245
0.494
0.464
0.199

12 /22
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| JOIO)O@,

Econometric Approach
» The Fixed Effect Model

Iog(Hipfct) =+ Y Iog(\Nipfct) +18| Xipfct T

I: job; p: farmworker; f: farm; c: township; f: time

» The IV-FE Model

Results

Uy +U; +U,

Conclusion

T Vi pfct

Iog(Hipfct) =a+y Iog(vvipfct) + 05 Kiptr TUp U + U+ Vi

1V: Farm specific average paid-wage rate per day (NT$/hour).

50
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Data

mpirical Results
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Table 3. Estimation results of the hour equations (in log).

Results
| JOIO)OJO)

Conclusion

@)

OLS FE I\V+FE model
Hour equation Hour equation Wage equation Hour equation
Variable Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E.
I\VV_wage 0.455%*** 0.024
log(wage) 1.479***  0.120 1.063** 0.474 0.895* 0.475
Other variables Yes Yes Yes Yes
Time FE Yes Yes Yes Yes
Farm FE No Yes Yes Yes
Farmworker FE No Yes Yes Yes
# of farms 5,644
# of farmworkers 2,059
# of jobs 92,210
Weak 1V test 362.91
Adjusted R? 0.136 0.601 0.987 0.601
51
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Econometric models: platform externality

»Model : Exogenous Platform Externality

Iog(Hipfct) =a+y Iog(vvipfct) + ?/1Eipfct + [ Xipfct U, +U; +U + Vi

Externality: The number of farm diversity per township per month

»Model: Endogenous Platform Externality

Iog(Hipfct) =a+y Iog(vvipfct) +H 71 Bt [T B Kipgr TUp +Ug + U+ Vg
IV: Average externality cumulated to the previous months

52
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Table 6. Estimation results of the hour and matched rate equations with platform externality.

Res U ItS Of Hour equation

OLS IV model
th e Externality equation Outcome equation
Variable Coef. S.E Coef. S.E Coef. S.E
Panel A. Outcome variable: Hours of worked
p I ath 'm IV_Externality 0.837%%% 0,029
. Externality 0.268*** 0.036 0.570*** 0.096
extern al |ty Elasticity 0.453
log(wagehat) 0.762* 0.453 -0.268*** 0.076 0.613** 0.253
Weak IV test 830.27
Adjusted R? 0.602 0.825 0.017
Panel B. Outcome variable: Matched rate

IV_Externality 0.837*** 0.029
Externality 0.141*** 0.013 0.257*** 0.032
Elasticity 0.204
log(wage) 0.819*** 0.192 -0.268*** 0.076 0.761*** 0.190
Weak 1V test 830.27
Adjusted R? 0.588 0.825 0.009
Time FE Yes
Farm FE Yes
Worker FE Yes
# of farms 5,644
# of workers 2,059
# of jobs 92,210 53
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Econometric models: Income target hypothesis

»\We estimate the I\V-FE model with unconditional quantile
regression model (Firpo et al. 2009).

» A negative labor response for hours in the higher quantiles is a
circumstantial evidence for income targeting behavior.
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Summary of the main findings

» Farmworker labor supply elasticity is 0.895, which is larger than previous
studies in a non-platform setup (0.05-0.27, see Hill et al. 2020).

» The importance of wage and externality on hours of work.

» Bargaining power on hourly wage and hours of work are toward farms rather
than farmworkers.

» Externality is positively associated with hours of work.
»Platform externality makes farmworkers less responsive to hourly wage.

» Income targeting hypothesis Is evident in piece-paid farmworkers.
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Initiate?
Find False Farmers Using Big Data

* The total number of farm workers are 0.54 million, while the number of
FHI enrollee are 1.4 million.

« How to find false farmers?
 Cooperation among different agencies of the Council of Agriculture
-- FHI registration profile.
-- Farmland registration file.
-- Income tax profile.
-- National Health Insurance program registration profile.
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Old Farmer Pension Program

To secure elderly farmers’ economic wellbeing, the Farmer Health
Insurance program (FHI) has been implemented in 1989.

»Farmers aged>=15 year can enroll in the FHI.
> Need to hold at least 0.01 hectares of farmland.

»FHI enrollees receive a favorable premium subsidy. FHI

enrollees pay only 30% of health insurance premium, whereas
other sector workers pay 40%.

»FHI enrollees also receive lump sum payments for pension upon
turning age 65 (the OFP payments is NT$ 7,000 per month).

» The OFP payment Is a as-pay-as-you-go payment.



Eligibility Rule of OFP Program

Farmer's Age

Farmer Health Insurance program (FHI) >=65 <65

FHI=1 Yes (region A) No (region B)
FHI=0 No (region C) No (region D)




Research Objective

» This study contributes to the farm succession issue by using
an example of the Old Farmer Pension program in Taiwan.

» To examine the extent to which a social security pension
program for old farmers may affect family farm succession
behavior.

» To Investigate how the effect may vary among different types
of farms.

» Causality issue has been carefully addressed.




Data

» The primary dataset Is the Agriculture Census Survey in Taiwan in 2005,
conducted by the Directorate-General of Budget, Accounting and Statistics,
Executive Yuan, Republic of China, Taiwan.

-- One principle farm operator is identified for each farm.

-- Data on socio-demographic characteristics of the principle farm operator
were collected, as well as on farm activities of the farm operator and other

family members.
-- No information of FHI enrollment i1s recorded.




Information of the FHI Status

» To obtain the FHI status of the farm operators, we merged the
Agricultural Census Survey with a National Administrative FHI

Profiles of the principle farm operators enrolled in the FHI
program in 2005.

»For each enrollee of the FHI program, information regarding
whether he/she ever received OFP payment is also documented.

»\We merge Ag. Census Survey and FHI profile only for the
principle farm operators.




Our Sample

» A final matched sample of 703,287 crop farms. 411,213 (59%)
were farms whose operators were enrolled in the FHI program.

»\We limit our sample to farms whose farm operator age between
60 and 70.

»\We exclude farms whose operators were 65 in 2005 because we
do not have the information on the exact date of birth.

» The final sample consists of 161,018 crop farm households.
Again, each farm has only one principle farm operator.




Outcome
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» A RD design with Difference-in-Difference method.
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Key Findings

» Farm succession Is higher for farm operators age >65.
» The succession rate is also higher for non-FHI operators.

» The net DID effect Is negative. That is, OFP payments
reduces the likelithood of farm succession.

» The negative effect is more pronounced among fruit farms.




Conclusions

»Our study points out the evidence that there Is a tradeoff
between the social security program and farm succession.

»On the one hand, a monthly pension payment was paid to old
farmers to sustain their wellbeing. On the other hand, this
pension also resulted in an undesired effect on farm succession
of the family farms.

»Why this Is the case? To maintain the eligibility to receive
pension, older farmers may choose to continue working on
farms, which subsequently delay the intra-household transfer of
farm business to their younger generation.
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Motivation

« Research attention on renewable energy sources commonly focuses
on infrastructure such as wind turbines and transmission lines, and
iIgnores facllities demanding a large and concentrated amount of
ground surface, for example, solar panels.

» Trade-off between solar panels and preservation of farmland is
discussed. Governments need to find land to accommodate installation.
A solar power policy depends on whether governments can find or
allocate the appropriate sites for solar panel installation through land
use regulations.

* [n some areas, it is difficult to develop large-scale facilities for solar
energy due to the limited stock of land. Small-scale solar panels have
therefore become the necessary alternative mode.



Different Type of Solar Panels
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Solar panels on farmland in Taiwan

* The promotion of solar power was initiated in 2004 by government, and
farmland Is being used to place solar panels. Small-scale open-ground
type solar panels are popular and primarily located on farmland.

 Criticism has been raised regarding the competition between farm
production and the placement of solar panels on farmland.

“Farmland should be used to feed people, but not for energy” !




How did the reform do with solar
panels?

* On July 7, 2020, the government launched a revised land zoning
regulation tightening the grant of application for small-scale solar
panels installed on farmland smaller than 660 square meters (m?).

* Prior to the revision, both farming and solar energy generation were
nermitted on farmland under 660 m2. However, no solar panels were
allowed to be built on farmland under 660 m? after July 7, 2020.

« Exemption: land subsidence areas are designed as priority zones for
solar panels. These areas are not affected by the policy.
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Research Objectives

* We examine the price effect on farmland due to the revised zoning
regulation on the placement of small-scale open-ground type solar
panels in Taiwan.

* We use a quasi-experiment policy scheme to identify the causal
effect of the policy on farmland prices since the use of solar panels
on farmland was tightened.

* We Investigate the heterogeneous price effect of the policy by
regions and by the productivity of farmland.

« We study the dynamic effect of zoning revisions. In particular, we
examine whether the price effect varies over time following the
revised policy on zoning.
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Contribution of this paper

 Very few studies focused on the zoning regulations of small-scale
solar panel systems on farmland (Best and Truck 2020). Our study
shows that the effects of changes in zoning regulation on wide-
spreading small-scale solar energy generation on farmland and its
accompanying impacts on farmland prices shall not be ignored.

* Previous studies examined the existence of the solar panels on the
prices of the surrounding properties to test not-in-my-back-yard
(NIMBY) theory. In contrast, we focus on a case that farmland are not
close to a solar panel, but instead those initially with an opportunity to
construct solar panels but later denied by a policy change.

 Studies on the price impacts on farmland as a potential site of solar
panel associated with a change of zoning codes are rare. In our study,
the legitimate use of solar panels was removed from farmland under
660 m? when changes in the zoning codes took effect.



Data

« Administrative data of farmland transactions in the open market
-- Managed by the Minister of Interior, and it is a population dataset.

-- Includes the sales prices of the property, physical characteristics,
geographical location, time of the transaction.

-- We limit our sample to farmland and exclude transactions that were
not sold in the open land market. Also exclude those inherited within
family members, with government for public use, within same company.
We also exclude transactions in land subsidence areas.

-- Final sample consists of 30,290 parcels of farmland sold between Jan.
1, 2016 and Dec. 31, 2020. 48% of them have size <=660 m?

» Create other variables by using GIS maps.



Number of approval cases of solar panels
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Monthly farmland price over time
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Sample statistics of the variables

Full Treat=1 Treat=1 & Treat=0 & Treat=0
sample & Post=1 Post=0 Post=1 & Post=0 Uncon. DiD

Variable Definition Mean Mean Mean Mean Mean

Price Price of the farmland (NT million/hectare). 95.09 96.02 124.85 81.28 67.78 -42.32%**
Land size Size of the farmland (hectare). 0.09 0.03 0.03 0.15 0.14 -0.01
City farmland If a city farmland (=1). 0.58 0.1 0.74 0.04 0.49 -0.19%**
Productivity Land productivity (1-10). 2.65 2.25 2.56 2.43 2.76 0.02
Dis_association Distance to the nearest farm association (kilometer). 2.98 3.67 2.79 3.71 3.08 0.3%*
Dis_highway Distance to the nearest highway (kilometer). 7.91 9.9 6.85 9.4 8.73 2.3%%*
Dis_road Distance to the nearest road (kilometer). 1.38 1.16 1.35 1.43 1.42 -0.2%*
Covid Number of daily Covid confirmed cases. 4.09 34.37 2.06 33.68 2.39 1.0*

N Number of farmland parcels. 30,290 635 13,917 1,140 14,598 31




Econometric Model

* The baseline model is the difference-in-differences model
-- treatment group: farmland <660 m?; control group (>=660 m?).
-- timing of policy implementation (July 7, 2020).

log(P. J=a+y,x(T, *D

i

+y, %L+ }‘D;mq-l_ﬁ}f '|'n' '|'er TE.

e _|,TI'£'.'J 17 “pmd e m

I. parcel of farmland; j: township; year y, month m, and date d. T is the binary
iIndicator whose value is one for the post-policy period. D is the treatment. X is
explanatory variables. u; and u,.,, are township and year-month specific fixed effects.
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Main Results

Table 3. Estimation results of the farmland price equation.

Model A Model B Model C Model D Model E
Variable Coef. Coef. Coef. Coef. Coef.
Treat*Post -42.32%*x* -29.09*** .28 76%** =27.27*** -27.24***
%" -33.9% -23.3% -23.0% -21.8% -21.8%
Treat 57.07%** 14.26*** 14.38*** 9,33 %% 9.4] ***
Post 13.5 27.87*** 14.5%* 15, 3%** 11.5%**
Constant 67.78*** 95.65*** 78.65 112.73%%* 106.06***
Other variables Yes Yes Yes Yes Yes
Year*month FE No No Yes No Yes
Township FE No No No Yes Yes
Adjusted R’ 0.073 0.21 0.219 0.586 0.587
N 30,290 30,290 30,290 30,290 30,290
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DiD - Event Study Model

log(P.,)=c+ > Vg %(Pre*D. A+ > yp *(Post*D. )+ ;%D -

Ju Fog=i}
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Results of the Event Study Analysis

Plot of event study estimates
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Summary of Findings

* The tightened zoning regulation for solar panel installations led the
price of affected farmland fall by 21.8%.

* The policy-induced fall in farmland price is only significantly in rural,
but not urban. This may reflect option values of the farmland.

* Price decrease is smallest for farmland of high productivity. This
may reflect high-productivity land can generate a potential higher
value from farm production.

* Price decrease started two months after the policy’s
Implementation and the magnitude of price fall escalated instead
over time.
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Future for Farm Sustainability

Key components to be considered:
-- Digital Technology

-- Big Data

-- ESG (multi-field research work)



ICT and Rural Development

* The ICT can affect our life in many aspects.

* For people living in rural areas, this is particularly true. ICT can
overcome the territory barrier of the rural households, and
increase their access to better information and knowledge.

* Education inequality

-- Economic inequality

-- Health inequality

-- Intergenerational inequality
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2019 OECD Rural Development Conference
o

12TH OECD RURAL DEVELOPMENT CONFERENCE

DELIVERING WELL-BEING

PROGRAMME DOCUMENTS SPEAKERS BACKGROUND

The Conference

o 24-26 September 2019 | Seoul, Korea

The 12th OECD Rural Development Conference shared leading practices from
across the world on how rural policies can support rural business to embrace new
technologies and access global markets, deliver services and amenities in new ways,
and mobilise rural assets (renewable energy, natural resources, land and know-how)
to create jobs.

-~

The conference took place over two days, followed by an optional field trip to nearby l
Wanju in Jeonbook Province to demonstrate local approaches to rural development H12X} OECD ==4A A2 A Th

H o = (B ..
and well-being. i1 12th OECD Rural Development.. ..

s
Watch the video of the conference highlights b 137 RB&

Main theme: How to use ICT to improve rural development and wellbeing of rural residents?




What is Big Data?

*4V: Volume; Velocity; Variety; Veracity
* Non-Structural Data Source

* Population Representative
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Big Data in Agriculture

« Establish OPEN API
 Develop Agricultural
E- Open Application System ‘

Creation p '
Food and SE « Agricultural Production and
Agricultural GIS Farmland Checking Map

Education  Crowdsourcing
Resource .

« Agricultural digital diverse service
<

Platform
» Agricultural Knowledge Agricultural Farm
Website | Knowledge VIEREEMIELY . Filed Management
» Agricultural Online Museum' -2

Platform

v

Data Field
« Storytelling Key Element Storytelling " Acsistant

« Agricultural Marketing Tool
~ Assistant

« Active Information Transfer
« Agricultural Service Line

>
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32

Safe Diet

e.g. CAS quality

Farmer
Counseling

e.g. farmer faculty

Forest
Management

e.g. forest trail

Big Data in Agriculture

ite of open data http://data.coa.gov.tw

e.g. farmland diagram e.g. accommodation e.g. vegetable e.g. satellite, water,
production temperature
overview

Agricultural ENLERY) Soil and Water § Countryside
Finance A&t a Conservation || Regeneration
e.g. credit departments e.g. important e.g. debris flow e.g. rich countryside

of farmer association agricultural pest torrent information
diagnostic illustration

Farmland Agricultural
Irrigation regulation

Agricultural Accounting
Technology and Statistics

e.g. technology transfer ~ €.8. statutory budget  e.g. irrigation water  e.g. agricultural
supply regulation information

In total, 18 category - 1300 item
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Livestock

e.g. feed management

Afforestation
Production

e.g. forest fire early
warning record

Others

e.g. animal adoption
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http://data.coa.gov.tw/

Agriculture GIS of Farmiand




Conclusion

»Short of farm labor is observed in many countries.
-- old age farm structure
-- attract young farmers to agriculture
» Importance of digital agriculture
»Recognize the importance of natural resource in farm sustainability
» Let the Food Market Work
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