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Can Tho industrial parks pollute environment

Can Tho City now has eight industrial parks covering more than 2,300ha but none of them have adequate
wastewater treatment systams.

An inspection of 26 factories at the Tra Noc 1 and Tra Noc 2 Industrial Parks in Can Tho by members of the
National Assembly's Standing Committee on Monday found that only 11 factories had wastewater
treatment facilities that meet required standards. Three businesses were discovered seriously polluting the
envircnment.

The inspeaction team was headed by Nguysn Duc Kien, Mational Assembly vice chairman.

Nguoi Lao Dong (The Labourer)

Source: Viet Nam News (May 18, 2011)
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8 KCN & Can Tho chua cé hé théng xir ly nwée thai tap trung

(NLD) - Phé Chil tich Quée hdi Nguyén Dirc Kién ngay 16-5 da dan dau doan gidm sat ciia Uy ban
Thudng vu Quéc héi dén TP Cin The khio sat vige thue hién chinh sach phap ludt vé mdi trudmg tai
ciac KCN, lang nghe trén dia ban TP.

Hién nay, TP Cén Tho cé 8 KCN tap trung voi Eéng dién tich hon 2 300 ha nhung chwa co he
théng xr I nwde thai tip trung. Cu thé, KCN Tra Néc 1 va 2 c6 34 doanh nghiép (DN) phat sinh
nude thii. Tuy nhién vira qua. két qua kidm tra 26 DN, chi ¢é 11 don vi x¢ If nude thai dat quy
chuan. S DN con lai khéng dat quy chudn. trong dé 6 3 don vi gdy 6 nhidm moi trudng
nghiém trong. Phd Cha tich Quée héi Nguyén Dire Kién dé nghi TP Cén Tho tiép tuc dfi_v manh
déu tw co s& vat char, khic phuc tinh trang 6 nhi®m méi tredng & cac KCN. ..

C.Linh

Source: Nguoilao dong (May 16, 2011)
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THE COSTS OF WATER POLLUTION ON RICE
PRODUCTION IN VIETNAM

Huynh Viet Khali

EXECUTIVE SUMMARY

The study surveyed rice farmers in two areas viighassumptions of the same natural
condition and social characteristics. One is carsid as the polluted area near and directly
receiving wastewater from the industrial parks, leslihe other is assumed to be the non-
polluted area far from and having no effect of isitial pollutants. The productivity loss of
rice production caused by water pollution was esteéd by the difference in rice yield
between the two regions. The similar calculatiors @wpplied for cost increase and profit loss
for using wastewater irrigation. The results showret the yield loss of rice was about 0.67
tons per hectare per crop, VND 0.97 million fortcosrease and totally 26 percent of profit
loss due to water pollution.Moreover, the study adstimated that total cost increase of the
whole interviewed households in the polluted areas vabout VND 144 million and
approximately VND 474 million per crop for theirté net economic loss because of water
pollution.



1. INTRODUCTION

1.1. Description of the Problem

Vietnam has achieved the average GDP growth rat7df per year. The industrial
sector has mainly contributed economic developnreMietnam, with annual growth of 12
percent during the period of 200-2009. In line witth industrialization and modernization
policies, Vietham has rapidly changed economiccttine from agriculture base to industrial
economy. The industrial and construction sectoy aohtributed 26 percent of national GDP
in 1986, but it rapidly increases to 40.3 percar2G09.

Economic development has brought many benefits tetn®m. Income, public
transportation and, in general, quality of life Bagradually been improved while the
percentage of people below the poverty threshoklldeen decreased. However, there have
also been many negative consequences of rapidtrmalizaition, particularly on agriculture
and ecosystem health, because of the exploitatioataral resources and pollution.

The two biggest cities in Vietnam, Hanoi and Ho ®timh City, have been ranked as
the worst cities in Asia for dust pollution. Withihetnam, Ho Chi Minh City, the largest city,
is at the top of the national pollution list(The WbBank 2008). This pollutionin the air,
water and land is released by various large inghsstFor instance, footwear manufacturing
releases 11% of the air pollution load, 10% of lded pollution load and 6% of the water
pollution load, while the plastic products manutaictg industry produces 10%, 13% and 9%
of the air, land and water pollution load, respesiti. The main pollution sources do not
necessarily come from the large industries. Theerg#nmdustry, which only has 12 factories
and employs 0.5% of the provincial workforces, asks 24% of the air pollution
load.Similarly, the 160 paper factories employ o0l¥% of the provincial workers but
contribute 14% of the water pollution load.

Since almost all industrial zones have not instialdastewater treatment systems in
Vietnam,the existence of industrial wastewater aombation appears almost
everywheréWastewater from thousands of industrial faciliiie80 industrial areas and from
small factories and businesses in the basin ismb& source of pollution in the Dong
Nairiver of Ho Chi Minh City. The untreated wastewater contaminating oil fromi Bu
concrete factory has been released directly intidpdields approximately200tfday and
1,500 ni/day forPhuoc Long textile firm. However, it is filiult to know the actual damage
and loss due to the contamination of untreated emager from industrial activities in
Vietnam(Quang 2001).

There has been some research in recent years ostriadl pollution in Vietnam.
Thong and Ngoc(2004) presented a descriptive asabysdata collected from 32 industrial
estates in southern Vietnam to determine the fac#ffecting investment on wastewater
treatment plants. They found that water polluticasva serious problem in the big industrial

!According to the Department of Science, Technplagd Environment of TayNinh.
“The speech of Dr. Trinh Le, the Institute of Tra@i€echnologyand Environmental Protection.
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estates of Ho Chi Minh City, Binh Duong, Dong NadaBa Ria-Vung Tau Provinces, and
that financial constraints and lack of space wdé@ main reasons why many small and
medium-sized enterprises did not invest in wastemgieatment systems. Humeg al(2008)
studied the effects of trade liberalization on #mvironment, using data from the Viet
Enterprise Survey of 2002 and the World Bank’s bidal Pollution Projection System. They
found that trade liberalization led to greater ptitin and environmental degradation but that
the Vietnamese people have gradually recognizedrthertance of environmental protection.

1.2. Literature Review

There have been a number of empirical agricultsiadies concerning environmental
problems, such as soil degradation, wind and wettesion; however, few have specifically
examined the impact of industrial pollution. Bai@8Jconducted field experiments in wheat
lands irrigated with wastewater from the LiangsRuier, the Tonghui River and the Wanquan
River. He reported that wastewater irrigation cduaereduction in wheat yield by 8-17.1%.
Similar studies in the Geobeidian area of the Tangtiver and the Yizhuang area of the
Lianghe River reported that yields of wheat anca raultivated in unpolluted soils in the
sewage-irrigated area decrease by about 10% ofi¢ds obtained in clean water-irrigated
areas. In the sewage-irrigated area with pollutéld,syields of wheat and rice grown reduce by
40.6% and 39% of those in clean irrigation areas.

Changet al(2001) analyzed the impact of industrial pollution agriculture, human
health and industrial activities in Chongging. Tetedmine the effect of sewage-irrigation, they
proposed expressing yield reductions as a funcidhe comprehensive water pollution index.
Using this approach, reductions in yield due toaggnirrigation were about 10% for wheat and
30% for rice and vegetables.

To evaluate the effects of polluted water irrigatid.indhjem(2007) compared crop
quality and quantity between a wastewater-irrigatesh and a clean water-irrigated area. The
total loss of corn and wheat production was eseth#&d be RMB 360 per mu, of which RMB 285
was caused by reduction in quantity, and RMB 75 tvasreduction in quality. This paper also
cites the study of Song (2004) that used dose-msgpfunctions to estimate the reductions in
quantity and quality of crops from polluted watetigation. Water pollution decreased rice
production by 20% and quality by about 4%.

A study by The World Bank (2007) also used dospenese functions to calculate the
economic losses from crop damage caused by wdtetigup in terms of both reductions in crop
quantity and quality (excess pollutant levels anbstandard nutritional value). The economic
cost of wastewater irrigation in China was estimdtebe about 7 billion RMB annually for the
four major crops (wheat, corn, rice, and vegetables

Reddy and Behera(2006) evaluated the impact ofryeatkition on rural communities in
India, in terms of agricultural production, humaeath, and livestock, using the effects on
production, replacement costs and human capitabappes. The study estimated that the total
loss per household per annum due to water pollwtias $282.5, of which $213.2 was from
agriculture, $16.3 from livestock and $53 from harhaalth.






1.3. Research Objectives

Agricultural effects of using wastewater irrigatimclude yield reduction, low quality
crops, and even crops that fail to meet allowaldiupon level standards. There are also
wider implications for the agroecosystem, suchalspelliution leading to destruction of the
soil structure and changes in the soil microbiahgwnity. Recovery is a very slow and
difficult process once the land has been degratled YWorld Bank 2007). For simplicity, we
do not include agroecosystem degradation and ihdtezus on the economic loss of rice
production arising from reduced crop quantity andliy, and increased input costs. The total
economic losses of rice production in terms of ceduquantity, reduced quality and increase
in input costsare estimated by comparing rice pcodities, costs and profits between two
selected areas, a polluted and non-polluted area.differencesin rice productivity, cost and
profit between these two areas are consideredflecrehe economic damage, caused by
industrial pollution, to rice production.

The specific objectives are:

- To evaluate the reduced quantityof rice productioa to water pollution.

- To estimate the increaseinrice input costs dueati@mpollution.

- To determine the total loss of net economic rehecause of water pollution.

- To discuss some policy implications.

1.4. Scope of the Study

Because of a lack of information on the costs oflupon, national and local
authorities in Vietnam have not paid much attentiorpollution control measures. In this
study, we estimate reduced quantity, cost incraadethe profit loss of rice production due to
water pollution. Our findings could help governmedriiodies enforce existing water pollution
regulations, for example, TCVN 5945 on water pathat standards or Decree 67 on
wastewater pollution charges, also help recogniee understand the failure of some of the
current environmental policies in Vietnam. Our steduld also provide useful information to
authorities, such as the Natural Resources andr@maent, and industries to manage water
pollution and data for cost-benefit analyses oatireent projects in the industrial zones of
Vietnam.



2. EVALUATION CONCEPT AND EMPIRICAL MODEL

2.1. Concept for Economic Valuation of Water Pollubn

The total economic loss of rice production inclutlege factors. First, a reduction in
crop quantity assumes that water pollution deceaise yield. Second, a reduction in rice
guality, which is measured as price, assumes tiealotver price of ricein a particular region
could reflect reduced rice quality due to waterlygan. Third, an increase in input costs
assumes that farms may attempt to compensate @mpdssible productivity losses by
implementing activities that are capable of ofisetthis possible loss but are more costly to
implement. The expectation of the profit loss iauarized by the following formula:

m,=(P-aP)(Q-AQ-(C+aQ
=PQ-PxAQ-APx Q+APXA Q- GAC

=(PQ-C)-(PxAQ+AP< QrA Q+A KA Q 1)
= mo - Profit loss
=> Profitloss= PxAQ + APxQ + AC (2)

= Quantity losst Quality loss  Costreast

wheren, andn, are the rice profits in the non-polluted and pielliareas. Because
AP%xAQ is small compared with the other parts of the &qoait can be ignored and assumed
to be 0.

However, it is complicated to estimate quality lts®ugh the proxy of price because
there are many other unobservable factors, exaepitater pollution, which affect the price of
rice. Thus, the study only calculates the thremel#s affected by water pollution:

- Quantity lossWater pollution makes rice yield decrease. Produactfunction
approach will be used to estimate the loss ofyiekl.

- Cost increaseSince farms may aim and indeed be able to comperfsatthe
possible productivity losses by implementing atieé@ which are capable of offsetting this
possible loss but are more costly to implementsuigh circumstances, because it is not
productivity which will be impacted, but productiotosts, cost function approach as
“replacement cost” methodology will be applied tesess the impacts of pollution in
economic terms.

- Profit loss: It is defined as total loss of net economic retestimated by the
comparison of profit functions between two seledeshs (one is considered as the polluted,
other is the non-polluted area). The differenceiée profits of two regions is considered as
total loss of net economic return due to indusp@lution.



2.2. EmpiricalModel

2.2.1. Production Function Approach

The principle of production function approach iattindustrial activities possibly
have a negative impact on the outputs, cost anfitmproducers through the effect of
environment. Environment affects goods or servieeisting in the market through the
value change of their outputs, for instance, thduoced value of fish caught because of
river pollution. Production function approach istesf used to estimate the effect of
environment change on soil erosion, deforestatiisheries, the impact of air and water
pollution on agriculture and so on (Batematral. 2003)

A literature search on the production function agwh in rice production
Vietnam is conducted to make sure that relevantabées will be included in the farm
survey questionnaire and to examine the suitabdityexisting rice production models
for the research. There are a number of studiegaelto rice production in Vietnam.
Kompas(2004) and Linh(2007) used stochastic pradadirontier to estimate technical
efficiency of rice production in Vietham. Do and mBeett (2007) used production
function approach with flood duration and relatleeation of upstream and downstream
farmers variables to estimate the cost of changiatiand management, representing the
reduced income of rice production in the Mekong ivDelta. The loss of rice
productivity was estimated based on the differenicesice yield between upper and
lower of the Tram Chim park dyke. The results shdweat the rice productivity in the
lowering of park dyke decreased 0.06 tons per lmegtar annum, which led to the profit
loss of VND 0.07 million per hectare per annum. Jéehree studies used the Cobb-
Douglas functional form of rice production functiompproach. This study uses a
Translog functional form and does test for checkihg existence of Cobb-Douglass.
The model takes the basic form:

Y=f(LK,I,Z,EF) 3

whereY is the rice yield of a farmer in the studied yganes/ha)l is the number of labors
for rice cultivation (man-days/hdy is capital input (VND/ha)l is a vector of material inputs as
seeds (kg/ha), fertilizers (kg/ha), herbicide (al/and pesticides (ml/haj, is a vector of social-
economic characteristics of farmers, & a vector of farming conditions, afdis the relative
location of farms (polluted site = 1, non-pollusse = 0)

Test for the existence of quantity loss due to watdution:

H, : Quantity loss = 0 or Coef. of F =
H, : Quantity loss > 0 or Coef. of F <

(4)

The reduced vyield of rice is defined as the diffeesin the average rice yieldbetween
thenon-polluted and polluted site. It is estimddgdollowing equation:

AY = f(L,K,1,Z,E,F=0)- f(L,K,1,Z,E,F=1 (5)



whereAY is the average yield loss caused by water pohuflg/ha);L,K,l ,Z ,E

are the average of labor, capital input, matenalts, social-economic characteristics, and
farming conditions, respectively.

As mentioned earlier, a translog functional fornused in the study. The production
functional form in the polluted and non-pollute@as is written as followed (Tim and Battese
2005):

In(Y) =a, +a,In(L) +a,In(K) +a,In(I) +%a'11(ln(L))2 +a ,In(L) In(K) +a In(L)In(l) +

#2 a0, (IN(K))° + aIn(K) 1)+ In( )+ Y B2, YEE I

k=1

whereY, L, K, I, Fare the same as in the above equationsZand,, Zs, Z, are the
variables of the gender (1 = male, 0 = female)atie (years), the number of school year (years),
attending trainings (1 = Yes, 0 = No) of rice hdwds, ande;, B, Es, E4 are the variables of
serious diseases happening during the study yeaX €s, 0 = No), rice monoculture (1 =yes, 0 =
No), soil quality (1 = fertile soil, 0 = other )} off-farm income ratio.

Some restrictions are used to check the constamrhseto scale:

a,+a,+a,=1
all+a12+a13=0

(7)

At 0p+0;=0
A+t 0y+a3;=0

Then, the following restriction is applied to tebie existence of Cobb-Douglass
function:

all = a12 = a13 = a22: a 23: a 33: O (8)
2.2.2.Replacement Cost (RC)

Replacement cost approach is defined as paymemestoring original environment
(unpolluted state) if it has already been damagdwe costs of moving away from the
polluted area suffered by the victims of environtabrdamage or actual spending on
safeguards against environmental risks are capthcement costs (Batemaih al. 2003;
Winpenny 1991). In the study written by Reddy aneh&a(2006), the replacement cost
method is used to estimate the damage costs of maetspdue to water pollution. In this
study, farmers in the polluted areas might spendengput costs for the compensation of
rice productivity loss because they directly use plolluted water for irrigation. Thus, it is
assumed that the costs of farmers in polluted aaeasnore than those in the non-polluted
areas. In this case, the replacement cost is dsiihiay using the cost function approach.
The basic form of cost function is given by:



C=CW, W, W, W, YZEFH )

whereC is the total cost of a farmer (VND/h&); is the price of seed (VND/kg\W is
the price of herbicide (VND/100mlY\ is the price of fertilizers (VND/KgWV, is the price of
pesticides (VND/100ml)Y is the rice yield of a farmer in the studied yéanes/ha)Z is a
vector of social-economic characteristics of fargsnandE is a vector of farming conditionk,
is the relative location of farms (polluted sit&,=on-polluted site = 0)

Test for the existence of cost increase due torvgatéution:

H, : Cost increase = 0 or Coef. of F: (10)

H, : Cost increase > 0 or Coef. of F:

The increase in input costs is defined as the réiffee of the average costbetween
heavily polluted and less polluted areas. It ivested by following equation:

AC=CW, W, W, W, YZEEL) CWWW W Y,ZEF0 (11)
wheréAdC is the increase of the average cost per ha becalisvater pollution

(VND/ha); W,, W, W,, W, Y, Z I are the average price of seed, herbicide, festiliz
pesticides, social-economic characteristics, andifeg conditions, respectively.

The Cobb-Douglas formal function is applied torestie the cost function in the study
(Tim and Battese 2005):

IN(C) = @ + ¢, In(W,) + 4, In(W) + @5 In(W) + @, In( W) + @In( Y+iﬂk Z+i5h Fy 1(12)

whereC, W;, W, W,W, F are the same as in the above equationZand,, Zs, are ,
the age (years), the number of school year (yeat®nding trainings (1 = Yes, 0 = No) of
rice households, ang,, E;, Es, are serious diseases happening during the yeary@s, 0 =
No), rice monoculture (1 = yes, 0 = No), soil gtyal{1 = fertile soil, 0 = other soils)
respectively.

2.2.3.Profit FunctionApproach

Net economic return is defined as revenues froemmaus the cost of producing rice.
It will be identified by profit function approacfihe profit loss is estimated by the following
basic profit function:

m=nW,GZEF (13)
wherern* is normalized profit defined as gross revenueusimariable cost divided by

farm-specific output prica/V* is a vector of variable input prices divided bypui price,C is
a vector of fixed factors of the farnz, is a vector of social-economic characteristics of



farmers,E is a vector of farming conditionB,is the relative location of farms (polluted sit& =
non-polluted site = 0).

Hypotheses for the existence of profit loss duedter pollution are:

H, : 77, = 11, or Profit Loss = 0 or Coef. of F = (14)
H,: 7, > m, or Profit Loss > 0 or Coef. of F <

The profit loss due to water pollution is defingdthe difference in profit between the
polluted and non-polluted areas. It is estimatethieyequation:

A =n(W+, G Z E F=0)-7(W, CZE F=1) (15)

where\rr*is Profit loss in 1000 VND/halV*, C, Z Eare the average prices of inputs,

the average of the fixed factors, the social-ecanarharacteristics of farmers, the farming
conditions, respectively.

We use the translog profit functional form. Thenfioita is given as (Rahman 2002;
Surjit and Carlos 1981)

4 4 4 4 6
Inn*:ao+ZajInV\/j*+%Zerkln W*In W +> > @in Win - C+
=1 j=lk=1 j=11=1

6 (16)

> AING 3 Y 4 INGING+YE, 5+ 3,6+ F

=1

where 7* is the restricted profit (total revenue minus katast of variable inputs)
normalized by price of output (PW* is the price of the"j input (W) normalized by the
output price (P); j is the price of seed (1), thiegof herbicides (2), the price of fertilizer (3)
the price of pesticide (4%, is the quantity of fixed input, where | is totamhaunt of seed used
(1), total amount of herbicides used (2), total amoof fertilizer used (3), total amount of
pesticides used (4), the number of man-days fer production (5), the money of machines
and services at all stages of rice production £6)Z, Zs are the age (years), the number of
school year (years), and attendance at trainingj@es (1 = Yes, 0 = No) of rice households,
respectively; andt;, B, Es, E4 are the variables of serious disease incidenceemapg during
the study year (1 = Yes, 0 = No), rice monoculidre- Yes, 0 = No), soil quality (1 = fertile
soil, 0 = other soils), and off-farm income ratiespectively.

Then, the following restriction is applied to telsé existence of the Cobb-Douglass
function:

T, =¢ =¢, =0 (17)
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3. STUDY SITE AND DATA DESCRIPTION

3.1. Study Site

In the Mekong River Delta, there are approxima8dyindustrial parks, which constitute
9.5% of the total industrial parks of the coun&kimost all of these 33 parks have no wastewater
treatment system. The industrial parks in Can Tityohave released the biggest pollution loads,
and the province is ranked in the top 10 most tesdiprovinces in Vietnam (Table 1). Can Tho is
also one of the biggest rice producers in the MgkRiver Delta. Because of these reasons, Can
Tho was selected as the study site.

Table 1. Top 10 most polluted provinces in Vietham

Province Air index Land index Water index Overall
Ho Chi Minh city 1 1 1 1

Hanoi 5 2 2 2

Hai Phong 2 6 4 3
Binh Duong 6 3 3 4
Dong Nai 4 4 5 5

Thai Nguyen 3 5 7 6
PhuTho 7 7 6 7
Da Nang 10 9 8 8
Ba RiaVung Tau 9 8 10 9
Can Tho 8 10 9 10

Note: The pollution loads released to air, land aater were estimated for all 64 provinces in
Vietham, and then pollution indexes were calculated rankings were made.

Source: ICEM, 2007

There are six industrial parks in Can Tho (Tablg),6which mainly comprise
agricultural and fishery processing industriesttde and consumer goods manufacturing
industries. Almost none of the industrial zones galistrial corporations located near human
residences have installed wastewater treatmengragstThere has been little management of
toxic waste or water pollution by local authoriti@sd business. TraNoc 1 (built in 1995) and
TraNoc 2 (built in 1999) industrial zones have onécently been acknowledged by the
Department of Resources and Environment while Naithas been considered by Can Tho
authorities to evaluate the impact of environmemllution{Resource and Environment
department of Can Tho city, 2008 40 /id}. As a aapgence, TraNoc 1 and 2 have released
large volumes (1000s 3nof various waste products directly into the rij€ayen 2010).
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Table 2. The industrial zones in Can Tho city

Zones Size (ha) Main activities Water treatments
TraNoc 1 135 Processing, electron, clothes No
TraNoc 2 165 Machinery Nb
Hung Phu 1 262 Harbor, Store No
Hung Phu 2 212 Machinery No
Hong Bang 38.2 Consumer goods No
Thot Not 150 Processing, clothes, shoes ®No

a The available decision and acceptation of loa#iaities to evaluate the impact of
environmental pollution.

Source: Resource and Environment Department of enCity (2008)

3.2. Data Collection

The study region covers the area within and ardtnatNoc 1 and TraNoc 2 industrial
zones, which were two of the most polluters in d. People living in this area have
suffered various costs from the pollution: reducgdp vyields, the use of cattle and
agricultural equipment such as pump sets, contammaf drinking water, and increased
incidence of human diseases and deaths directlynaimeéctly caused by water pollution.

3.2.1. Secondary Data

Secondary data related to agriculture productiorthedwater quality in or near the
industrial zones was collected from environmentédrsce papers, related studies and reports
of Resource and Environmental department of Can Ty, People’s committee of
PhuocThoi and ThoiAn district, O Mon, Can Tho, atte Can Tho Environmental
Monitoring Station.
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3.2.2. Primary Data

Primary data was collected through focus througtugogroup discussions and a
household survey.

3.2.2.1. Focus Group Discussions (FGDs)

FGDs were mainly used to get the information abeawironmental quality,
agriculture situation and ask for recommendatioosseélect survey areas. Which rice
producing areas have been much affected by watkrtipa? Which rice producing regions
have that the same social and natural conditiotis sé@lected polluted areas are not polluted
by industrial water pollution? Two FGDs, in whicaoh group consisted of about five people
(two local authorities and three local farmers)revaerganized.

3.2.2.2. Household Survey

Farmers were randomly selected for interview frera areas (PhuocThoi and ThoiAn)
with similar social and natural conditions (e.ge #ame social and farming culture, ethnicity,
type of soil). The selection of the polluted andipolluted area was based on their distance
from industrial zones, and on the recommendatiorsugggestion of local authorities and
farmers.Some of the villages in PhuocThoi are heaalluted by wastewater from the TraNoc
1 and 2 industrial zones. The villages in ThoiAa farther away from the industrial zones than
PhuocThoi and deemed to represent a non-polluezd(aee Figure 1).

The group of fourteen interviewers and three lgeadle persons includes ten final year
students, four staffs of School of Economics andifss Administration, Can ThoUniversity,
one local authority from people’s committee, and tacal farmers.

The questionnaire composes four main parts. Ifitsieand second parts, the personal
and farming informationof householdsuch as add@&gs, gender, training and so on and the
situation of environmental pollutionare interviewedhe inputs and output of rice production
are collected in the three part and income fronem#ctivities obtained in the final section of
guestionnairéSee Appendix C)

The time of household survey taking about 3 moéthisn January to March 2010 is
divided into two main periods. The first periodcalled as pilot-survey in January 2010. The
aims of this interview are to check and then cadrthe questionnaire more clearly and
concisely, and to help interviewers get used to amderstand the content of questionnaire.
After the interviewers are trained how to ask byngigjuestionnaire, there are about 30 farmers
interviewed in this period. The revised questiors& used in the second period from February
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to March 2010. In total, 364 rice farmers, consgtof 214 farmers in the polluted and 150
farmers in the non-polluted area, were interviewedrebruary and March 2010. Household
data were collected on household level informat&ated to production costs and income as
well as the social and economic characteristidgh®farmers, and their perceived damages and
losses due to water pollution.

THOI LONG

Tra Noc 1 Industrial zone Tra Noc 2 industrial zone The polluted area The non-polluted area

Figure 1: Map of the Study Site

Table 3 shows the water quality index of the peliand non-polluted area. The
concentrations of Total Suspended Solids (TSShénwater refer to the concentrations of
solid particles that can be trapped by a filter.isThan be a problem because high
concentrations of TSS can block sunlight from reaglsubmerged vegetation. This causes a
reduction in the photosynthesis rate, and thereliese dissolved oxygen released into the
water by plants. If bottom dwelling plants are majposed to some light, the plants stop
producing oxygen and die . Chemical Oxygen Dem&@L) is the amount of oxygen used
during the oxidation of organic matter and inorgadhemicals such as ammonia nitrogen
(NH3-N). High COD indicates a greater pollutiondoa
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Table 3: Water quality of the polluted and non-poluted area

TSS (mg/l) COD (mg/l)  NH3-N (mg/l)

The polluted area (PhuocTh&)

- Sewer mouth 145 720 13.29
- Primary affected water sourte 50 50 1.23

- Secondary affected water soufte 60 48 0.63
The non-polluted area (Thoi AfY) 22 5.1 0.16
Limitation value (TCVN5942,1995)

- Class A®) 20 10 0.05

- Class B® 80 35 1

Notes: (1) Measured on January'12007(Ngaet al. 2008)
(2) The region receives wastewatezatly from the industrial park.

(3) The region receives polluted wdtem the primary affected water source
regions.

(4) Measured on January'22007(Lancet al. 2009)

(5) Values in Class A are from theface water used for domestic water supply
with appropriate treatments.

(6) Values in Class B are from thefate water used for purposes other than
domestic water supply. Water quality criteria fouatic life are specified in
a separate index.

In the polluted area, the concentrations of TSSD@Ad NH3-H in the sewer mouth, the
primary affected water source and the secondaggtafi water source regions were mostly much
higher than those of the standard water qualitg {Bable 3). This indicated that our selected
pollution area site was heavily polluted. The com@gions of TSS, COD and NH3-N in the
sewer mouth region were nearly 2-fold, over 20-fodd 13-fold higher than those of the standard
water quality of class B, respectively.

Differences in the water quality index between guluted and non-polluted area
indicate that the water quality in the non-pollut@ea was much higher than that in the
polluted area. However, the concentrations of T&88 WHH3-N in the non-polluted were
slightly higher than those of the Class A standdids may be caused by non-point source
pollutants, for instance, fertilizer, herbicide goesticide released by agricultural activities in
the region.
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3.3. Overviewof Rice Production and Social Characteristics of Rie Farmers

Table4. The characteristics of rice households in tt study site

Non-polluted area Polluted area Whole areas
Gender (%) 91 93 93
Age (years) 48.04 48.99 48.60
Education (years) 6.33 6.07 6.18
Number of member (person) 5.09 4.87 4.96
Training (%) 49 35 40
Experience (years) 28.27 28.87 28.63
Rice land (ha) 0.89 0.69 0.77

Source: Own estimates; data appendix available faommors.

Table 4shows the overview of characteristics of rice faisria the survey areas. T
interviewed households are mainly male, accourde@3 percent They have the arage age
of 48 years old and 28 years in rice farming. A dehold with averagely 5 memb in
selected regions produces rice with s-scale of 0.77 ha on average. Only 40 percent ef
farmers averagely said that they have attendedinigs providecby local authorities.

60%
50%
40%
30%
20%

0%

Rice monoculture Crop rotation Intercropping

B Non-polluted area W Polluted area

Figure 2. The models of rice production
Source: Own estimates; data appendix available faommors.
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Figure 2performs the agricultural practice of rice farmerghe study areas. AlImo
all farmers apply rice monocultureccounted for 59 percent of total househ (composed
of 25 percent farmers in the r-polluted area and 34 percent in the polluted . Some of
them normally grow rice three crops per year (ngmalintel-Spring, SummeFall and Fall-
Winter crop) or som only cultivats two rice crops per year (hamely, Wir-Spring,
SummerFall). Moreover, the study also reveals that ttereeabout 39 percent of farmers
the sample whootate rice with other crops or vegetables. Thégroproduce two or one ri
crops and one vegetable crimp rice rotationwhile farmers who apply intercropping mot
for rice cultivation are accounted for 2 perc in the sample.

45%
40%
35%
30%
25%
20%
15%
10%

5% Ca% 1%
0%
Very fertile Fertile Medium Non-fertile ~ Very non-
fertile

B Non-polluted area  m Polluted area

Figure 3. The soil quality of rice field in the stuly site
Source: Own estimates; data appendix able from authors.

Figure 3shows that the farmers’ evaluation on the qualitytheir rice land. The
interesting results reveal that nearly 70 percénhem appraisetheir land fertile(composed
by42 percent of fertile soil and 28 percent of vingile soil) Possible explanation is that t
study areas are located along Hau River that caariet of alluvial soi

| do not know Very polluted
9% 12%

Polluted
15%

Rather polluted
19%

Figure 4.The perceptionof farmers in the polluted areas aboutthe effect of water
pollution on their land.

Source: Own estimates; daappendix available from author
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Figure 4 shows thahe recognition offarmers in the polluted area fthe effect of
water pollution on their rice land. Nearly 30 percef farmers could recognize wa
pollution affecting their rice production, anround 19 percent of them said that we
pollution hasslightly impact on their rice areas wt 45 percent of them could not recogn
the troubles of their rice land caused by watelupioh.

60%
50%
40%
30%
20%
10%

0%

Disease Non-disease

H Non-polluted areas W Polluted area

Figure 5. The situation of serious diseases happewgi during the study

Source: Own estimates; data appendix available faommors.

70%
60%
50%
40%
30%
20%
10%

0%
BPH disease Rice blast disease Other disease

B Non-polluted area  ® Polluted area

Figure 6. The kind of diseases happening in the mcproduction

Source: Own estimates; data appendix available faommors.
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Figure 5 and 6 perform that the situation of segidiseases happening in the rice field
before the study period. Farmers were intervievad whether or not any serious disease for
their rice cultivationoccur during the survey péfoThe results show there is over 40 percent
of rice land happening diseases, of which, BPHatiseils considered as one of the main
problems that cause rice damage during the studypdyedominated about 65 percent
(Composed of 37 percent farmers in the polluted arel 28 percent in the non-polluted area).

Table 5. Description of variables used in rice prodction models

Variable Description Unit
Y Total yield per hectare Ton/hectare
P Price of rice Thousand VND/ton
C Total cost Thousand VND/hectare
T Total profit Thousand VND/hectare
Cs Total amount of seed used Kg/hectare
Ch Total amount of herbicides used E?/lﬁ]iggtlaeg unit of 100
C Total amount of fertilizer used Kg/hectare
Co Total amount of pesticide used rl?]?/lrj]i;/g::pet unit of 100
C The number of man-days for rice day/hectare
production
Cc The money of machines and services at dlhousand VND/hectare
stages of rice production
Ws Price of seed Thousand VND/kg
Wh Price of herbicide Thousand VND/100ml
W Price of fertilizer Thousand VND/kg
Wo Price of pesticide Thousand VND/100m|
Age The age of respondents Years
Education The number of school year of respondents  Years
Training Respondents attending trainings 1=Yes, 0 =No
Mono Rice monoculture 1=Yes, 0=No
Diseases Diseases happening during the study year 1= Yed\0
Off-farm ratio The ratio of off-farm income
Soll Soil quality 1 = fertile soil, O = other soils
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Table 5 shows the descriptions of variables in piceuction models. The volumes of
herbicide and pesticide used have measurementafretguivalent units of 100 ml per hectare
per crop, based on farmers’ reports and expert&menendations. This is because farmers
use various types of herbicides and pesticides ddhiwith water or as a powder), and
sometimes mix them together, which means thatdificult to estimate exact amounts.

Table 6. Descriptive Statistics of Rice Productioper hectare per cropping

Variables Non-polluted area Polluted area t-ratio
Y(Yield) 5.88 499  -7.31%
P(Price) 4,157.79 4,060.89  -3.06***
C(Total cost) 10,909.44 10,563.61 -0.84

A Total profit) 13,623.91 9,759.35 -8.37***
Cs(Amount of seed) 224.41 206.42 -2.37**
Ch(Amount of herbicide) 10.43 11.70 1.33
Ci(Amount of fertilizer) 475.87 463.76 -0.53
Cp(Amount of pesticide) 77.26 70.23 -1.24
Ci(Number of man-days) 29.03 32.95 1.39
Cc(Money of machines and services) 3283.02 3436.20 1.06
Ws(Price of seed) 5.46 5.21 -1.34
Wi (Price of herbicide) 32.79 32.47 0.21
Wi(Price of fertilizer) 9.42 9.54 0.92
Wj,(Price of pesticide) 24.86 21.70  -1.85*
Age 48.04 48.99 0.81
Education 6.33 6.07 -0.87
Training 0.49 0.35  -2.72%V¥
Mono 0.60 058  -0.3¢
Diseases 0.40 0.42  -0.39
Off-farm ratio 0.20 0.37 4.72%%+Y
Soil 0.63 0.75  2.35%¥

Notes: *** ** *indicate statistical significare at the 0.01, 0.05 and 0.1 level respectively

¥ Z-ratio for two group test of proportions

Source: Own estimates; data appendix availablenfemthors.



Table 6 shows the descriptive statistics of thennvairiables in the rice production
model for the polluted and non-polluted areas. éuijh soil quality in the non-polluted area
is significantly (P < 0.05) lower than that in tpelluted area, rice productivity and profit in
the non-polluted area is significantly (P < 0.0igher than those in the polluted area. The
price of rice in the polluted area was significan® < 0.01) lower than that in the non-
polluted area. This indicates that water pollutimay have reduced crop quality, and in turn
its price. The difference in the off-farm incomdisabetween the two areas suggests that
farmers are aware of the reduced profit from rigkivation in polluted soil, and therefore
have a tendency to find additional work in neamustrial parks to supplement their income.

Other variables measured do not significantly difetween the two regions (Table
6), except the percentage of respondents attertdangng. The results also show that, on
average, farmers were 48 years old, have had 6 péaducation and 60 % of them grew rice
in a monoculture.

4. ESTIMATED RESULTS

4.1. Impact of Water Pollution on Rice Productivity

Table 7. The OLS regression of rice production funton

Variables Coefficient S.E.

In(Amount of seed) 0.696 0.799
In(Amount of herbicide) -0.123 0.154
In(Amount of fertilizer) 0.465 0.555
In(Amount of pesticide) -0.157 0.265
In(Amount of man-days) 0.851** 0.333

In(Money of machines and service) 0.572 0.439
Y In(Amount of seef) 0.532%*+ 0.196

Y In(Amount of herbicidé) 0.000 0.005
Y In(Amount of fertilized) 0.037 0.032
% In(Amount of pesticid@) -0.011 0.017
% In(Number of man-day5s) 0.059* 0.033
% In(Money of machines and services) 0.075 0.070

21



In(Amount of seeddn(Amount of herbicide) 0.014 0.027

In(Amount of seeddn(Amount of fertilizer) -0.132 0.098
In(Amount of seed)n(Amount of pesticide) -0.057 0.052
In(Amount of seed)n(Number of man-days) -0.105* 0.058
In(Amount of seed)n(Money of machines and services) -0.216* 0.116
In(Amount of herbicidedn(Amount of fertilizer) -0.025 0.035
In(Amount of herbicidedn(Amount of pesticide) 0.007 0.010
In(Amount of herbicidedn(Number of man-days) 0.021 0.014
In(Amount of herbicideyn(Money of machines and services)  0.008 0.023
In(Amount of fertilizerin(Amount of pesticide) 0.060 0.040
In(Amount of fertilizerin(Number of man-days) -0.026 0.046
In(Amount of fertilizerin(Money of machines and services)  -0.022 0.084
In(Amount of pesticidejn(Number of man-days) -0.031 0.022
In(Amount of pesticidejn(Money of machines and services) 0.029 0.042
In(Number of man-daysin(Money of machines and services) -0.023 0.040
Age -0.002** 0.001

Education 0.004 0.003
Training 0.039** 0.019
Disease -0.012 0.018
Mono 0.016 0.022
Soil 0.031 0.019
Off-farm ratio -0.054* 0.028
Polluted (F) -0.127%** 0.019

Constant -5.615** 2.482

R-square 0.64

Included observation 364

Notes: *** ** *indicate statistical significare at the 0.01, 0.05 and 0.1 level respectively

Source: Own estimates; data appendix available faotors.
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Table 7 shows that the OLS result of rice produrcfinction in Translog form. The
variables estimated in the model are statisticsithpificant at 1 percent level. The estimated
R-square is equal to 0.64, revealing the 64 perceange of rice yield possibly explained by
independent variables in the model.

The study also examines the null hypothesis theretis a proportional output change
when inputs in the model are varied or farms predume with constant returns to scale. The
restricted least squares regression with the ngplothesis of constant returns to scale is
estimated. The computed F statistic is 37.09 niuae the critical value F (7, 327) of 3.58 at
0.1 percent level of significancB. Thus, the null hypothesis is rejected and thelystu
concluded that technology does not exhibit cons&tns to scale.

The second test is applied to check the Cobb-Dsadlamal existence of production
function. With the null hypothesis of jointed parters in (8) equal to O, the restricted
function is estimated. The computed F statistid 8% is more than the critical F(21,327) of
1.91 at 1 percent level of significkhtThe null hypothesis is rejected and the Translog
functional form is suitably applied for the datarigle production in the study.

The results show that there is no multicollineafitythe independent variables of
production function because the correlations oke¢handependent variables estimated by
using the correlation matrix are less than 70 pe#r€¢ae null hypothesis homoscedasticity is
also acceptedby usingBreusch-Pagan test becausstthmted LM of 49.72 is less than the
critical Z§60f 58.62 at the level of 1 percéht

Table 7 shows that the coefficient Bblluted variable is significantly negative at 1
percent level, revealing that rice productivitytie polluted is lower than in the non-polluted
area. The other variables Amount of man-days(fand Training are significantly positive.
The result also indicates that more labor investmaiso make rice cultivation more
productivity while short training courses such ase@uction and 3-increase, IMP program,
guideline of applying new technologies and so onmadly given by local extension services
partly contribute an increase in rice yield.

Moreover, the negative coefficient @éfge variable is statistically significant at 5
percent level. The older farmers the less proditgtttiey obtain. Possible explanation is that
farmers’ age is averagely 48 years in the sampteth’s age, decrease in health makes
farmers cultivate rice less efficiently. In additjadhe result shows the coefficient of off-farm
income ratio variable is significantly negativebapercent level. Farmers who earn more off-
farm income produce rice less productive. Through farmers’ survey, we finds out that
recognizing rice production not profitable anymofarmers in the polluted region have
tendency to sell their rice lands for buildingsuse rice lands for rent (farmers from other
regions rent their lands). Local farmers try talfjobs in industrial parks that help them earn
more compared to rice production. The study alstaliers that water pollution makes
farmers change the behavior of rice cultivation ar@p intensification. Before their income
mainly from rice production with three rice cropsr [year, now they do rice farming as part-
time jobs, only grow one or two crops per year davest rice just enough for home
consumption. These possibly are the suitable eagitams for the negative impact of off-farm
income on rice productivity.

The reduced productivity of rice is calculateddshen findings from Table 7.After the
equation (5) is used to eliminate the effects tfeotfactors,the estimated yield in the non-
polluted area is about 5.61 tons and around 4.8} fr the polluted region. Then, the loss of
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rice yield due to polluted water irrigation is estited by subtracting the yield in the polluted
from yield in the non-polluted region (equation Bxing this approach, the estimated result is
about 0.67 tons per hectare per crop (5.61 ton84-téns).

4.2. Increase in Rice Production Cost Due to Watdrollution

Table 8. The OLS regression of rice cost functiomithe whole area

Variables Coefficient Standard Error
In(Price of seed) 0.195%*** 0.049
In(Price of herbicide) 0.021 0.025
In(Price of fertilizer) 0.431%** 0.078
In(Price of pesticide) 0.007 0.024
In(Yield) 0.918%** 0.062
Age 0.002* 0.001
Education -0.008 0.005
Training -0.058** 0.029
Diseases 0.045 0.028
Rice monoculture 0.143*** 0.030
Soil -0.032 0.030
Polluted (F) 0.098*** 0.030
Constant 6.140*** 0.269

Statistic summary
R-square 0.56

Included observation 364

Notes: *** ** *indicate statistical significare at the 0.01, 0.05 and 0.1 level respectively
Source: Own estimates; data appendix available faotors.

Table 8shows Ris equal to 0.56, revealing the variation of tatae costs of 56
percent is explained by independent variables enrttodel. The study also shows that the
multicollinearity among the independent variable€ost function does not exist because the
resultsestimated by correlation matrix approachnstiaat there are no correlations in these
independent variables higher than 70 percent. &heltrof Breusch-Pagan test performs that
the estimated LM of 14.96 is less than the critjﬁgbf 26.22 at the level of 1 perc@mt

revealing the absence of heterscedasticity in shienate of cost function.
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The coefficient ofPolluted variable is statistically significant positive kevel of 1
percent, performing rice costs in the polluted @agis higher than one in the non-polluted
region. Moreover, farmers, who are older, manage throduction cost more highly and less
efficiently, performed by the positive effect Afjevariable on total costs at 10 percent level.
The significantly positive coefficient d&®ice monocultureariable at 1 percent level performs
that farmers with rice monoculture also spend nexgenditure than other farmers with rice
rotation or intercropping. Possible explanatioridge monoculture causing soil less fertile.

The same calculation with yield loss due to watdiuytion, cost increase affected by
water pollution is estimated from Table 8 by using statically significant variable of
Pollutedin the model.After the effect of other factors ateminated by using the equation
(11), total rice cost in the polluted area is eatied about VND 10.37 million per ha a crop
while total cost in the non-polluted area is cadtedl around VND 9.4 per ha a crop. Cost
increase because of water pollution can be estonbyesubtracting total ricecost in the
non-polluted area by that in the polluted area &igu 11). Applying this way, an increase
in cost due to water pollution is calculated aroMiND 0.97 million.

4.3. Total Loss of Net Economic Return

Table 9 shows the coefficients from the ordinaastesquares (OLS) regression of the
rice profit model using the translog profit funetad form (equation 16). The full model is
statistically significant at the 1% level. The ssted R-square revealed that 50% of the
variation in the rice profit can be explained bg thodel.

Table 9. The OLS regression of rice profit function

Variables Coef. S.E.
In(Normalized price of seed) -0.111 5.089
In(Normalized price of herbicide) 1.211 2.260
In(Normalized price of fertilizer) -3.869 5.435
In(Normalized price of pesticide) -0.698 2.408
Y In(Normalized price of se€d) 0.322 0.471
Y In(Normalized price of herbicid®) -0.019 0.134
Y In(Normalized price of fertilizef) -1.245** 0.625
1 In(Normalized price of pesticide) 0.223 0.142
In(Normalized price of seedn(Normalized price of herbicide) -0.017 0.180
In(Normalized price of seedn(Normalized price of fertilizer) -0.257 0.510
In(Normalized price of seedn(Normalized price of pesticide) -0.042 0.197
In(Normalized price of herbicide)n(Normalized price of fertilizer) 0.231 0.253
In(Normalized price of herbicidein(Normalized price of pesticide) 0.030 0.105
In(Normalized price of fertilize®in(Normalized price of pesticide)  0.005 0.270
In(Normalized price of seedn(Amount of seed) -0.648* 0.330
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In(Normalized price of seedn(Amount of herbicide) 0.181 0.137

In(Normalized price of seedn(Amount of fertilizer) 0.586** 0.292
In(Normalized price of seedn(Amount of pesticide) -0.165 0.172
In(Normalized price of seedp(Amount of man-days) 0.079 0.141
In(Normalized price of seedn(Money of machines and service) 0.029 0.364
In(Normalized price of herbicidein(Amount of seed) -0.314 0.193
In(Normalized price of herbicidejn(Amount of herbicide) -0.064 0.081
In(Normalized price of herbicidein(Amount of fertilizer) -0.124 0.147
In(Normalized price of herbicidejn(Amount of pesticide) 0.087 0.098
In(Normalized price of herbicidein(Amount of man-days) 0.115 0.081
In(Normalized price of herbicidein(Money of machines and service) 0.244 0.150
In(Normalized price of herbicidein(Amount of seed) 0.533 0.528
In(Normalized price of herbicidein(Amount of herbicide) -0.376* 0.205
In(Normalized price of fertilize®in(Amount of fertilizer) -0.609 0.373
In(Normalized price of fertilize®in(Amount of pesticide) -0.104 0.231
In(Normalized price of fertilize®n(Amount of man-days) 0.106 0.224
In(Normalized price of fertilize®n(Money of machines and service) -0.529 0.419
In(Normalized price of pesticiddp(Amount of seed) 0.025 0.205
In(Normalized price of pesticiddnh(Amount of herbicide) -0.010 0.064
In(Normalized price of pesticiden(Amount of fertilizer) -0.164 0.148
In(Normalized price of pesticiddp(Amount of pesticide) 0.107 0.094
In(Normalized price of pesticiden(Amount of man-days) -0.098 0.080
In(Normalized price of pesticiddn(Money of machines and service) 0.162 0.176
In(Amount of seed) -3.393 4.697
In(Amount of herbicide) -0.540 1.584
In(Amount of fertilizer) 3.341 3.373
In(Amount of pesticide) -2.241 1.936
In(Amount of man-days) 2.890 1.917
In(Money of machines and service) 1.432 3.872
% In(Amount of seef) 0.338 0.552
% In(Amount of herbicidé) 0.012 0.065
Y% In(Amount of fertilizer) -0.117 0.249
Y In(Amount of pesticidé) 0.013 0.074
Y In(Number of man-day5s) 0.123 0.086
Y In(Money of machines and services) -0.107 0.207
In(Amount of seeddn(Amount of herbicide) -0.113 0.140
In(Amount of seed)n(Amount of fertilizer) 0.500* 0.289
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In(Amount of seed)n(Amount of pesticide) 0.013 0.196

In(Amount of seedn(Number of man-days) -0.250 0.160
In(Amount of seed)n(Money of machines and services) -0.149 0.308
In(Amount of herbicidedn(Amount of fertilizer) -0.130 0.109
In(Amount of herbicidedn(Amount of pesticide) 0.054 0.058
In(Amount of herbicidedn(Number of man-days) 0.148* 0.063
In(Amount of herbicideyn(Money of machines and services) 0.012 0.115
In(Amount of fertilizerin(Amount of pesticide) -0.137 0.126
In(Amount of fertilizerin(Number of man-days) -0.055 0.134
In(Amount of fertilizer¥in(Money of machines and services) -0.568** 0.231

In(Amount of pesticidejn(Number of man-days) -0.140** 0.068

In(Amount of pesticidejn(Money of machines and services) 0.192 0.132
In(Number of man-daysin(Money of machines and services) -0.025 0.111
Age -0.006*** 0.002

Education 0.010 0.008
Training 0.140*** 0.048

Disease 0.016 0.046
Mono 0.003 0.057
Soil 0.086* 0.049
Off-farm ratio -0.126* 0.072
Polluted (F) -0.300*** 0.052

Constant -20.213 33.512
R-square 0.50

Included observation 364

Notes: *** ** *indicate statistical significare at the 0.01, 0.05 and 0.1 level respectively
Source: Own estimates; data appendix available faommors.

Next, we can test the null hypothesis of the Colaoorgbass functional form. The
restricted function is estimated assuming the hyliothesis that the joint parameters in (17)
are 0. The computed F statistic of 1.78 is more tha critical F(55,283) value of 1.57 at the
1 percent levél. The null hypothesis is therefore rejected, whictpports the use of the
translog functional form in this study. The estimaf profit function also shows the absence
of multicollinearity(the correlations of independerariables less than 70 percent) and of
heterscedasticity(Breusch-Pagan testshows thesail)tﬁ4of 105.2at the level of 1 percent

higher than the computed LM of 100°)4

The coefficient oPollutedvariable representing the effect of pollution égative and
significant (P < 0.01), which confirms that wateollption reduces the profit of rice
cultivation. The reduction in rice profit can beladated using the coefficients presented
in Table 9. The estimated profit is approximateNIV9.14 million for rice cultivation in the
polluted area and VND 12.34 million for that in then-polluted area after the influences of
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other factors are eliminated. The loss of rice prdtie to wastewater irrigation can be
estimated by subtracting the rice profit in thelpi@d region by the rice profit in the non-
polluted region (equation 15). Using this approaitte loss of profit is calculated to be
approximately VND 3.2 million per hectare per c{epe Table 11).

The model also shows that farmer age (P < 0.01)tadatio of off-farm income (P <
0.1) explain variation in profit. The effect of agewy be caused by declines in the health of
older farmers leading to less efficient cultivatidiarmers who earn more off-farm income are
associated with less profitable rice cultivation.

The percentage of respondents attending trainirgigrsficantly (P < 0.01) different
between the two areas. Training courses, such @s3iteduction and 3-increase, IMP
program, are normally offered by local authoritiegprovide guidance on the application of
new technologies to increase rice yield. Soil quadi also an important factor affecting profit
(P<0.1).

Table 10.Reduced profit in rice farming and key costraints

Factors Reduced profit Percentage of
(Thousand reduced profit
VND) (%)
Polluted vs. Non-polluted area 3,203 25.95
Non-fertile vs. Fertile soil 874 8.24
Non-training vs. Training 1,465 13.03
The highest off-farm vs. Zero off-farm income ratio 1,229 11.45

Source: Own estimates; data appendix available faommors.

We also use the same estimateof profit loss due wader pollution to
calculatereductionsin profitcaused by other factmsspresented in Table 10. Cultivation in
non-fertile soil, instead of fertile soil, can redurice profit by 8.24%. Farmers whose main
sources of income are from non-agricultural sectintsin 11.45% less rice profit than those
who only have an agricultural income. Participatimgrainings is estimated to increase profit
by 13.03%. Profit loss caused by water pollutiomisch higher than the profit loss caused by
other factors, which demonstrates that environrpefitition has a great significance for rice
farmers near industrial parks. Because of this,swggest that the Vietnamese authorities
should place a greater importance on the developraed implementation of pollution
control policies.

Table 11 summarizes the total loss of rice prodactiue to water pollution. The
estimated results show there are about 26 perc¢gmofit loss, including around 12 percentof
reduced quantity (yield loss) and 9 percent of @ostease, adversely caused by industrial
water pollution. In this study, we also observedt tfarmers in the polluted area use water
irrigation from the highest water tide level to ved the effects of wastewater on rice
production. This was because the farmers thoughivéiter at the high tide level looked less
polluted than the waters at other times, despi¢eféict that the water was always heavily
polluted near the industrial parks.
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Tablell. Impact of water pollution on rice producton

Amount Percent
Quantity loss 0.67 tons/ha 12%
Cost increase 0.97 million VND/ha 9%
Total loss of net economic return 3.2 million VN&/ 26%

Source: Own estimates; data appendix available faoors.

Moreover, the use of polluted water also causedatmers to change their cultivation
management. In previous years, three rice crops werduced annually and rice cultivation
was the main income source. However, because ditjol, only one or two rice crops is
now cultivated in the polluted area each year, fanahers treat rice cultivation as a part-time
job, producing rice sufficient only for householehsumption.

During our study, we also received reports of shkeases on the farmers working in
the polluted region. For instance, a farmer inpgbéuted area reported that he had suffered
from skin disease 5 days per year, and the tredtowst VND 500,000. The diseases also
caused the loss of 2.5 workdays, equivalent to \@8D,000. Therefore, the estimate of total
economic loss is underestimated if indirect coathsas the health costs suffered by farmers
are not included.

5. CONCLUSIONS AND POLICY IMPLICATION

Local authorities in Vietham have recently removed reduced some of the
environmental impact requirements to attract ingaistinvestments to their province.
Although industrial investments with low environnt&nstandards might increase gross
domestic product and create more jobs for localshbalds, they may also bring many
problems including water, air and soil pollutionhi§ study provides an example of the
negative impacts that arise from pollution by indes.

In this study, we surveyed rice farmers in two aneéh the same natural environment
conditions, social characteristics(e.g. the sanmakand farming culture, ethnicity, type of
soil), and only differed with respect to polluticdne area was considered to be the polluted
area, receiving wastewater from nearby industréakg, while the other area was assumed to
be the non-polluted area, being distant from sauatendustrial pollutants. The productivity
loss of rice production caused by water polluticasvestimated by the difference in rice yield
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between the two regions.The similar calculation apglied for cost increase and profit loss
for using wastewater irrigation. The results showreat the yield loss of rice was about 0.67
tons per hectare per crop, VND 0.97 million fortcosrease and totally 26 percent of profit
loss due to water pollution. Therefore, since thalyg includes 214 farmers in the polluted
area and these 214 farmers cultivate rice in 148bhe as a whole, theirtotal cost increase per
crop because of water pollution could be estimatedut VND 144 million (VND 0.97 *
148ha) and approximately VND 474 million (VND 3.2llon*148ha) for their total net
economic loss.

According to The World Bank (2007), the developmehtice roots and seedlings
could be influenced by using wastewater for irigat Polluted water irrigation causes the
reduction of height, leaf area and dry matter. Pase in leaf surface area leads to the
reduction of photosynthesis. These facts have tjrémpact on rice production. In other
words, the impacts of polluted water on rice pramiity mainly reduce the number of ears
unit area, number of seed per ear and seed wdigatstudy estimated water pollution caused
yield reduction about 12 percent. This result iarlyeequal to the reduced yield of 10 percent
in the sewage-irrigated area in comparison witharckater-irrigated areas estimated by
Bai(1988), but much lower than the rice reduceddpativity of 20 percent calculated by
Song (2004) in the study of Lindhjem(2007) and 8€cpnt by Changt al(2001).

Economic developments that cause damage to na&salirces and the environment
are unsustainable. We suggest that the Vietnanmssigment needs to develop policies that
ensure sustainable development. Similar to envieoriai policies in developed countries, the
Vietnamese government could consider increasingctimeent environmental standards and
raising environmental taxes. The increase of enwrental taxes could not only encourage
industries to apply new technologies that reducgrenmental pollution, but also generate
moneyto compensate farmers near industrial areaghi® damage to their agricultural
production and health and to build wastewater itneat facilities in industrial parks.
Compensation could be provided directly in casthafarmers, or indirectly by means such
as funding training or activities related to newchieologies and the management of
agricultural inputs and expenditure. Our study sébwhat training helped farmers increase
their profit, which may partly offset some of tlesses caused by environmental pollution.

To reducepolluted water from the industrial pas,increase in the effectiveness of
implementation of Decision 64 and Circular @ee Annex 1 and £)ould be recommended.
A public disclosure system for the environmentatfgrenance of polluters mentioned in
Article 104 of the Law on Environmental Protecti@@ated 2005) and Article 23 of Degree
No. 80/2006ND-CP should be considered as one di¢kseways to increase the efficiency of
Decision 64 and Circular 07.

Article 104 requires polluters to report and pulzlithe information and data about the
environment as follows:

+ Reports on the environmental impact assessmerisialeon approval for reports on
the environmental impact assessment and plan éomtiplementation of requirements
stipulated in the decision on approval for repodas the environmental impact
assessment;

« List of and information about sources of wastedjupents that seem potentially
harmful to people’s health and environment;
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« Areas where environment is polluted and degradeids®y and extremely seriously,
areas in danger of the environmental pollution.

« Report on the environmental situation at the proihlevel, report on environmental
Impact assessment by industries, fields and themadtreport on the environment

« Itis essential to ensure unrestricted access tdipzed information

« Agencies publicizing information about the envireminhave to take responsibility on
accuracy, honesty and objectivity of announcedrmé&tion before legal agencies.

Article 23 provides details and instructions on himamplement Article 104 of the Law
on Environmental Protection. These details anduetbns include:

+ The Ministry of Natural Resources and Environmeraveh responsibility for
announcing information and data about the natiog@ironment;

+ Ministries and ministerial-level agencies, govermtnggencies shoulder responsibility
for exposing information and data about the envinemt in industries and areas
under their management;

« Agencies in charge of the environmental protectddrPeople’s Committees at all
levels bear responsibility for make information atata about the environment in the
area under their management publicly;

+ Management board of economic zones, industrial agxport processing zones,
managers of manufacturing and service units acecepponsibility for publicizing
information and data about the environment in theaaunder their management;

« Publicity of information and data about the envineent is stipulated as follows:

« Information and data about the environment is peibéd in form of books, news
in newspapers or post on units’ websites;

« Information and data about the environment is peibéd in form of books, news
in newspapers or post on units’ websites (if angported in people’s council
meetings, announced on notice boards in resideqtiakter meetings, or listed
in headquarters of units or headquarters of commumard, town people’s
committee where units are in operation.

The requirements of these above public disclosystes illustrate a new and
significant approach for environmental authoriti6s force environmental laws and
regulations in strong manner by increasing enviremtal awareness and permitting the large
public to put pressure on polluters to solve curemvironmental problems. Such public
disclosure requirements also create significantsquree on environmental authorities
themselves as their own decision failures mighwo aiee widely recognized by such
requirements. However, the implementation of thesgirements in a clear, precise, and
systematic manner is strongly needed.

Since water treatment facilities in these induktparks must be built as soon as
possible, the study on their cost effectivenesddcbe needed and seriously considered to
decide whether we should build the water treatrfeilities in every individual factory or for
the whole industrial parks. Moreover, we suggeat the government should not use high-
yield agricultural land for the construction of nemdustrial parks unless they include the
latest pollution treatment technologies. The impaét environmental pollution should
continue to be evaluated.
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NOTES

(SSE- ssp/
ssg/( - K

restricted and unrestricted sums of squared relsidunal is the number of restrictions

1) Calculated by the formuka= , WhereSSk andSSKkE are the

2) Breusch-Pagan test for heterscedasticity:
LM =nR Ox;

where:n is the number of observations y y
R’ is the R-Square of|Gi| = J, + 0, X; +9,X, +... 4 & X +V
k is the number of restricted factors
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APPENDIXA — DECISION 64

Decision No 64/2003/QD-TTg of April 22, 2003 Apprawg the plan for
thoroughly handling establishments which cause serus environmental
pollution.

The Prime Minister

Pursuant to the December 25, 2001 Law on Organizati the Government;
Pursuant to the December 27, 2003 Law on Environah&rotection;

In order to enhance the environmental protectionrkwon the period of national
industrialization and modernization;

At the proposals of the Minister of natural Res@sr@and Environment, the Minister of
Science and technology as well as the concernedtnis, branches and localities.
Decides:

Article 1: To approve the plan for thoroughly handling essiishents which cause serious
environmental pollution (hereinafter called therpl@r short with the following principal
contents.

|. The plan’s objectives

1. Immediate objectives till 2007:

To concentrate efforts on thoroughly handling 43S8taklishments causing serious
environmental pollution out of a total of 4,295 Iptihg establishments, which had been
scrutinized and listed by 2002, including 284 pmithn and business establishments, 52
rubbish dumps, 84 hospitals, 15 plan protectiorgdmarehouses, 3 toxic chemical storage
zones and 1 wartime bomb warehouse, in order tte sSetmediately the hottest and most
burning environmental pollution sports in urbantees, densely populated areas and severely
polluted areas, thus contributing to protecting ém¥ironment and community’s health, to
step up the word of pollution prevention and preidn, step by step control and limit the rate
of increase in the number of establishments causiegous environmental pollution
throughout the country.

2. Long-term objectives till 2012:

To continue thoroughly handling the remaining 3,&%8ablishments which cause serious
environmental pollution and newly arising estabfigmts. To further step up the work of
pollution prevention and preclusion proceedingdatool and limit the rate of increase in the
number of establishments causing serious envirotah@ollution throughout the country,
ensuring the sustainable developments in the peabdhational industrialization and
modernization.
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[I. Handling principles

1. The thorough handling of environmental pollutaaising establishments shall be conducted on the
principle of ensuring the sustainable development.

2. The thorough handling of establishments causerpus environmental pollution must be

conducted in a resolute manner and suitable toethgy of each locality each branch and each
establishments; to review and select the most dly@od burning polluting establishments for

handling first in order to draw experiences foregidread application.

3. Those subjects that cause environmental pallutiost take the responsibility to thorough treat
and overcome the pollution. The State shall havee@t overcome environmental pollution in

particular cases.

4. In the course of thoroughly handling establismsievhich cause serious environmental pollution,
the laborers legitimate interests must be ensweatding to the current legislation.

[1l. The Plan’s contents
1. Stage 1 (2003-2007):

To concentrate efforts on thoroughly handling 43@alklishments which cause serious
environmental pollution mentioned in Appendices Nand 2 to this Decision (not printed
herein) of which.

a. From 2003 to 2005, to concentrate efforts on imiaedy handling 51 establishments
which cause particularly serious environmental yah, including 29 production and

business establishments, 3 toxic chemical storages 1 warehouses and 3 rubbish
dumps (Appendix No 1, not printed herein).

b. At the same time, to expeditiously elaborate pldwasdle and complete the handling of
the remaining 388 establishments which cause seeauironmental pollution of stage 1
(Appendix No 2, not printed herein), including:

« To renovate and upgrade technologies at 55 praduatid business establishments.

« To build waste treatment works at 200 productiahlarsiness establishments.

« To control pollution, upgrade, renovate and build pollution treatment system at 49
former and existing rubbish dumps.

« To treat environmental pollution at 84 hospitals.
2. Stage 2: (2008-2012):
On the basis of making final review on, and drawesiences from, the handling in the 2003-
2007 period, to take synchronous measures, continoughly handling the remaining

3,856 establishments which cause serious envirotangollution and newly arising
establishments.
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V. Basic solutions:

In order to efficiently implement the plan througih¢he country, the concerned ministries,
branches, localities and establishments should/dapelfollowing synchronous solutions.

1. To study, elaborate, promulgate or supplement artegt the system of relevant legal
documents as well as mechanisms and policies witbva to ensuring the high efficiency of
the plan implementation.

2. To diversity investment capital sources for thenpiaplementation (own capital, State
budget capital, loan capital from different funaslather sources)

The establishments’ owners shall take the primparesibility for capital investment in the
treatment of serious environmental pollution thaydicaused; be entitled to use financial-
assistance sources and voluntary contribution®wfestic and foreign organizations and
individuals for the implementation thereof, be ddased for borrowing preferential capital from
Vietnam Environmental Pollution Fund accordinghe provisions in the Prime Minister’'s
Decision No 82/2002/QD-TTg of June 26, 2002 ondsablishment, organization and operation
of Vietham Environmental Pollution Fund.

The ministries, branches and localities, which nganastablishments causing serious
environmental pollution, shall draw up plan on @rtapital support from the State budget
for the plan implementation (for part under thepressibilities of their respective ministries,

branches and localities).

3. The owners of the establishments causing seriousroemental pollution, who
implement the plan, shall be entitles to enjoy éemption and/or reduction policies or
preferences on tax rates, enterprise income t&griadhe import of advanced machinery and
equipment as well as clean production and envirerfigendly technologies; enjoy policies,
land use levy, land rental and land use tax pret@® or exemption according to the
provisions of the Government’s Decree No 51/19990I of July 8, 1999 detailing the
implementation of the Domestic Investment Promotiaw (amended).

4. To encourage the renovation and upgrading of tdolgres; to step up the application of
clean and environment-friendly technologies to gmises’ production.

5. To enhance the work of State management over emagat from the central to local
level, especially in examining, inspecting, monitgrand urging the plan implementation as
well as the work of State inspection and specidlinspection of environmental pollution. To
encourage and support enterprises to apply theamaental management system according
to the Vietnamese Environmental Standards. To stdlyapply the fixture of environmental
labels on enterprises products, first of all expentally apply it in Hanoi and Ho Chi Minh
cities.

6. To step up the word of education and communicatiorthe mass media for the plan
implementation. To mobilize and encourage all peagohd each population community to
actively participate in preventing and treatinglpiobn as well as overcoming environmental
decline.

7. To enhance international cooperation with a viewelgloiting resources of foreign
organizations and individuals for the plan impletaéion.
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8. To take administratively coercive measures as piest by law for those establishments
causing serious environmental pollution, which camatts of dragging on, delaying the
implementation of, or involuntarily implementind)et plan already approved by the Prime
Minister.

V. Organization of implementation.

1. To set up an inter-branch Steering Committee tectlithe plan implementation, which is
composes of the Minister of Natural Resources amdrBnment as its head, a vice-minister
of Natural Resources and Environment as its stgndeputy-head, and vice minister of
Planning and Investment, Finance, Science and Démyy Industry, Construction,
Communications and Transport, Agriculture and Rubsvelopment, Health, Aquatic
Resources, and Defense, as its members. The iatecib Steering Committee has its
standing section based at the Ministry of Naturas®urces and Environment. The Steering
Committee operates under the Regulation issuedsblyeiad in accordance with the current
law provisions.

2. The Minister of Natural Resources and Environméatidhave the tasks:

a. To act as a standing body of the Steering Commitidech is tasked to assist the
Government in assuming the prime responsibility ematrdinating with the concerned
minister, branches and localities in organizingglaa implementation.

b. To organize the through study of the plan contéotsthe subjects participating in
thoroughly handling establishments which causessrenvironmental pollution.

c. To elaborate and promulgate according to its coemmet or submit to the Prime
Minister for promulgation legal documents as well rmaechanisms and policies on
environmental protection, preferences in investneapgital, credit, taxed, land, and
technigues, and ensure the legitimate interestdalobrers of the environmental
pollution establishments which implement the plan.

d. To take responsibility for urging, examining, inspeg, monitoring and organizing
the coercion for plan implementation. To synthesiaview and evaluate the plan
implementation, make annual reports and submit tfeetine Prime Minister.

3. The Minister of Planning and Investment shall assuifme prime responsibility and
coordinate with the Minister of Finance in propdiglancing and apportioning capital for the
concerned ministries, branches and localities deioto support them and ensure that the plan
Is implemented strictly according to the schedldeaaly approved by the Prime Minister.

4.The minister, branches and local administratiorentioned in Appendices 1 and 2 (not
printed herein), which manage establishments cgusgnious environmental pollution, shall
have to coordinate with the Minister of natural ®&eses and Environment; Planning and
investment; and Finance in evaluating and approtiegestablishments’ handling schemes;
mobilize capital sources and direct the plan im@etation strictly according to the time and
tempo prescribed in Appendices No 1 and 2.
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5.The establishments causing serious environmeothition mentioned in Appendices No 1
and 2 shall have to elaborate schemes, investatapitd organize the treatment of
environmental pollution they have caused.

6.Communication agencies should intensity the pgapan and education contents on
environmental protection, pollution prevention atittough handling of establishments
causing serious environmental pollution and badaictg on ecological environment and
health.

Article 2. This Decision takes implementation effect 15 dafter its publication in the
Official Gazette.

Article 3: The ministers, the heads of the ministerial-leaggncies, the heads of the agencies
attached to the Government, the presidents of duplE’s Committees of the provinces and
centrally-run cities as well as the concerned amgdions and individuals mentioned in
Appendices No 1 and 2 shall have to implementDasision.
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APPENDIX B — CIRCULAR 07

CIRCULAR OF THE MINISTRY OF NATURAL RESOURCES AND
ENVIRONMENT NO. 07/2007/TT-BTNMT DATED 03 *° JULY 2007 PROVIDING
GUIDELINES ON THE CLASSIFICATION AND DECISION OF SE RIOUS
POLLUTERS NEEDED TO BE HANDLED THOROUGHLY

Pursuant to the Law on Environmental Protectionedalovember 292005

Pursuant to Decree No. 80/2006/ND-CP dated Auglls2@D6 of the Government stipulating
detailed regulations and guidelines on the impletatgon of some articles of the Law on
Environmental Protection;

Pursuant to Decree No. 91/2002/ND-CP dated Novenidfr 2002 of the Government
stipulating functions, tasks, powers and organaadi structure of the Ministry of Natural
Resources and Environment;

Decision No 64/2003/QD-TTg of April 22, 2003 Appngvthe plan for thoroughly handling
establishments which cause serious environmenthitjpm.

The Ministry of Natural Resources and Environmentjagles guidelines on classification and
decision of serious polluters needed to be hantlietbughly as follow:

I. Foundation for the classification of establishmpets which cause environmental
pollution

1. The classification of establishments that carsgronmental pollution bases on the level
of breach of Viethnam environmental standards (is tircular, the phase “environmental
standard” is used in accordance with the regulaténthe Law on Environment and
understood as phase “technical standard” reguliatede Law on Standards and Technical
Standards) of primary polluted parameters of waatexyexhausted air, noise and vibration.

2. The primary polluted parameters of wastewatdraasted air, noise and vibration include:
2.1. pH, temperature of wastewater;
2.2. Radioactive substances in wastewater, extthaste

2.3. Parameters regulated in the Vietnam StandardEovironment are identified by
governmental Authorities based on environmentakssaent reports; or certificates of
meeting environmental standards (established poi0T" July 2006); or engagement
document on environmental protection (establishedr go 0%' July 2006); or project on
environmental protection (established prior to Qiuly 2006) approved or confirmed by
governmental Authorities or according to the Aneexlosed to this Circular.

3. In case establishments breach regulation ofdse@laste management and cause
environmental pollution, governmental Authoritiemké further step to identify primary
polluted parameters of wastewater, exhausted asethby the solid wastes according to the
guidelines at Article 2 of this Circular for clalsing those establishments.
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. Criteria for the classification of establishmerts which cause environmental pollution

1. Establishment which causes serious environmeuaifition belongs to one of following
cases:

1.1. Having 02 (two) and more than 02 (two) comnpmiiuted parameters which exceed
Vietnam environmental standard 05 (five) times lmm\ae

1.2. Having 02 (two) or more than 02 (two) hazaslpolluted parameters which exceed
Vietnam environmental standard 03 (three) timesbave

1.3. Having 01 (one) common polluted parameter whegceeds Vietnam environmental
Standard more than 05 (five) times or above; andddik) hazardous polluted parameter
which exceeds Vietham environmental standard G@d€)htimes or above.

1.4. Having the average value of 02 (two) pollufmiameters, which exceed Vietnam
environmental standard 06 (six) times or above.

1.5. Having 02 (two) or more than 02 (two) pollutedrameters, which exceed Vietnam
environmental standard; and having at least 01)(ooenmon polluted parameter, which
exceeds Vietnam environmental standard 10 (teretion above.

1.6. Having 02 (two) or more than 02 (two) pollutedrameters, which exceed Vietnam
environmental standard; and having at least 01)(baeardous polluted parameter, which
exceeds Vietnam environmental standard 5 (fivegs$ior above.

1.7. Having radioactive substances causing enviemtah pollution exceeding permitted level.

1.8. Having pH of waste water, value of which i&&o) or below; or value of which is 12.5
(twelve point five) or above.

1.9. Having the temperature of wastewater, whighase than 4% (forty five)

2. Establishment causing environmental pollutidensto the one that does not belong to one
of above cases at Article 1 but has 1 (one) or nlba@ 1 (one) environmental parameter
regarding wastewater, exhausted air, noise an@tor that exceeds Vietnam environmental
standard.

[ll. Procedures for classification and decision of establishments causing serious
environmental pollution that needed to be handledioroughly

1. Prior to the date $1March annually, based on the latest inspectiorestigation regarding

environmental protection and foundation, critewa ¢lassification of polluters regulated at
Article 1l of this Circular, Departments of NaturResources and Environment (DoONRES)
update the list and propose solutions to handleotlghly establishments that cause
environmental pollution, serious environmental pdn in local territory (excluding

establishments belonging to National Defense amdii8g) according to the Template 1 and
Template 2 enclosed to this Circular, report tovpraal People’s Committee and the
Ministry of Natural Resources and Environment; sémal list of establishments that cause
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environmental pollution, serious environmental ptidin to ministries, agencies that are same
level as ministry, governmental agencies, econddaigoration, Corporation 91 (hereinafter
refer to the ministries, agencies) that are inviblve

2. Prior to the date 8DApril annually, based on reports of Departmentslafural Resources
and Environment, provincial People’s Committeesyess Committees of cities under the
central Government conduct following activities:

2.1. Decide the list and solutions to handle thghtyi establishments, which cause
environmental pollution and serious environmentallydion in local territory (excluding
establishments belonging to National Defense amdirf8g) in accordance with regulation at
Point b, Clause 3, Article 49 of the Law on Envimental Protection; in case establishments
are under the administration of Ministries, Agescithe handling of those enterprises must
have prior consultation process before making d@tis

2.2 Report the list of establishments that causeuse environmental pollution in local

territory (excluding establishments belonging totiblzal Defense and Security), in which
those establishments that are beyond the scopéminstration of People’s Committees,
Ministries, will then be reported according to themplate 3 enclosed to this Circular, the
Ministry of Natural Resources and Environment tlsetomitted to the Prime Minister for

decision in accordance with regulation at PointCtause 3, Article 49 of the Law on

Environmental Pollution.

3. Prior to the date 81March annually, environmental agencies under thaidtty of
Defense, the Ministry of Public Security review tlesults of environmental inspection and
investigation and based on criteria for the classiion of establishments causing
environmental pollution in accordance with sectibaf this Circular to take lead, coordinate
with Departments of Natural Resources and Envirariri@oNRES) updating the list of those
establishments belonging to National Defense arwlif@¢ according to the Template 4 and
Template 5 enclosed to this Circular and submth&éMinisters of two above Ministries and
send to the Ministry of Natural Resources and Emrirent.

4. Prior to the date 30April annually, based on reports of environmeaigéncies, Ministers
of the Ministry of Defense and the Ministry of Pualdbecurity conduct following activities:

4.1. Decide the list of establishments causingrenmental pollution, serious environmental
pollution under the ministry’s administration

4.2. Report the list of establishments causingossrenvironmental pollution that are beyond
the scope of the ministry’s administration accogdiio the Template 6 enclosed to this
Circular; the Ministry of Natural Resources and Eowment process and submit to the Prime
Minister in accordance with the regulation at PantClause 3, Article 49 of the Law on
Environmental Protection.

5. Prior to the date 30May annually, based on reports and solutionsHordugh handling of
establishments causing serious environmental pafiyproposed by provincial and central-
governmental-city’'s People’s Committees, the Miyistf Defense, the Ministry of Public
Security, the Ministry of Natural Resources andiEanment submit the list and solut
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6. The supervision of the implementation of hargllithoroughly establishment causing
environmental pollution and serious environmentalytion is regulated at Clause 4 Atrticle
49 of the Law on Environmental Protection.

IV. Implementation

1. Environmental protection agencies of ministrigsyernmental agencies and Departments
of Natural Resources and Environment (DONRES) tyoseordinate with each other in the
process of classifying, updating the list of egskithent causing environmental pollution,
serious environmental pollution.

2. Departments of Natural Resources and EnvironnfiBaNRES) inform the district and
commune People’s Committee regarding the list aadistbn of handling and disclose
publicly this information.

3. Vietnam Environment Protection Agency (VEPA) eyises and monitors the
classification of establishments in accordance Witk Circular; publicize on mass media the
information of establishment causing serious emvitental pollution in accordance with
regulation at Point d, Clause 1, Article 04 of trsav on Environmental Protection.

4. Any problems and difficulties arising from thenplementation process, Ministries,
Agencies, People’s Committees of province and aeegovernmental city, Departments of
Natural Resources and Environment, involved orgdiaas and individuals report timely to
the Ministry of Natural Resources and Environmentconsideration and adjustment.
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APPENDIXC - QUESTIONNAIRE

The date of interview:

Interviewer:

Code:

|. PERSONAL INFORMATION OF HOUSEHOLDER
. The name of householder:
. Address:

. The gender of interviewee: 1. Male 2. Female

.None 2. Primary 3.Elementary 3.Hight sclodJniversity

1
2
3
4. The education of interviewee:
1
5
6

. The date of birth: year.
. Number of members in the family: persons.
Including: Male: The number of males who are more hésyeld:
Female: _ The number of females who are m@redrs old :
7. Do you take part in any rice trainings? 1sYe 2.No
The number of trainings:__ What is the periothvaf trainings? __ month(s).
[I. INFORMATION ABOUT FARMER
1. Total area: (ha);
2. Including, rice area: _____ (ha).
3. When did you begin to grow rice? Year
4. Why did you choose to grow rice?
€ More profit than other crops € Available experience
€ Easy to sell € Following Governmental policies
€ Suitable lands € Supported technologies and finances
€ To improve lands €The high productivity
€ Using rotational cultivation € Other:
€ Supported by limited companies
5. The number of crops per year: ___ crop(s)
6. Rice area is located in irrigation area? 1. Yes 2. No
7. According to you, whether your land is fertilenmt?
1. Vey fertile 2. Fertile 3.Medium 4.No-fertile . Bery no-fertile
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8. How far is rice land located from industrial zsf? km

9. According to you, whether your rice land is pt#d by industrial zones?
1. Vey polluted 2. Polluted 3.Rather polluted Nén-polluted 5. I don’t know

10. In 2008-2009, are there any diseases influgmmmrice production?

1. Yes 2. No

10.1. If yes, please give the name of diseases:

11. In 2008-2009, are there any disasters influgnon rice production?
1. Yes 2. No

11.1. If yes, please give the name of disasters:

12. Compared to 3 years ago (2006), whether doasriae land decrease or not?
1. Decrease 2. The same 3. Increase
12.1. If Decrease, How many hectares: ha.

12.2. The reason why decrease in rice land?

1. Polluted 2. Building house 3. Sell 4viig the children 5. Other

13. Compared to 3 years ago (2006), do you havirthevement of your living?
1. Improvement 2. The same 3.Decrease

The reason why decrease in your standard living?

Main reason Extra-reason
- Decrease in yield: Q) Q)
- Il people: (2) (2)
- Borrowing with high interest: 3) 3)
- Selling products with low price: 4) (4)
- Buying inputs with high price: (5) (5)

14. The variety of rice:

15. Do you borrow money from the financial orgatimas?
1. Yes 2. No
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I1l. RICE PRODUCTION
1. Summer-Autumn season

1.1.Cultivation land:.............. ha
1.2.The period :................ months
1.3.Total CoSt:........cceviviniiinnns 1000 VND
Item Amount Unit Total

1.Land preparation

Hired labor (days)

Family labor (days)

2. Seeding

Seed amount (kg)

Seeding cost

Family labor (days)

3. Weeding

Hired labor (days)

Herbicide amount

Family labor (days)

4 Fertilizer

Fertilizer amount (kg)

- NPK

- URE

- Phosphate

- Kali

- DAP

Hired labor (days)

Family labor (days)

5.Pesticidde

Hired labor (days)
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- Insecticide 1:

- Insecticide 2:

- Fungicide 1:

- Fungicide 2:

- Other pesticide 1.:

- Other pesticide 2:

Family labor (days)

6.1rrigation

Service cost

Fuel (doing by self)

Family labor (days)

7.Harvest

Service cost

Hired labor (days)

Family labor (days)

8.Processing and Selling

Milled cost

Drying cost

Family labor (days)

Transportation cost

Family labor (days)

9.0ther costs

1.5.Income:.....cccovviiiiiiiinnnn. 1000 VND per total area..
Yield Amount | Sale amoun{  Min price Max price Current price (100(
(tons/ha) (tons) (tons) (1000VND/ton)| (1000VND/ton) VND/ton)
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2. Autumn-Spring season

2.1.Cultivation land:.............. ha
2.2.The period :................ months
2.3.Total coSti...ovvviiiiiiiineinn, 1000 VND
Unit: 1000VND
Item Amount Unit Total

1.Land preparation

Hired labor (days)

Family labor (days)

2. Seeding

Seed amount (kg)

Seeding cost

Family labor (days)

3. Weeding

Hired labor (days)

Herbicide amount

Family labor (days)

4 Fertilizer

Fertilizer amount (kg)

- NPK

- URE

- Phosphate

- Kali

- DAP

Hired labor (days)

Family labor (days)
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5.Pesticidde

Hired labor (days)

- Insecticide 1:

- Insecticide 2:

- Fungicide 1:

- Fungicide 2:

- Other pesticide 1.:

- Other pesticide 2:

Family labor (days)

6.Irrigation

Service cost

Fuel (doing by self)

Family labor (days)

7.Harvest

Service cost

Hired labor (days)

Family labor (days)

8.Processing and Selling

Milled cost

Drying cost

Family labor (days)

Transportation cost

Family labor (days)

9.0ther costs
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2.5.Income:.........coo 1000 VND per total area..
Yield Amount | Sale amoun{  Min price Max price Current price (100(

(tons/ha) (tons) (tons) (1000VND/ton)| (1000VND/ton) VND/ton)
3. Spring-Winter season
3.1.Cultivation land:.............. ha
3.2.Theperiod:................ months
3.3.Total coSti....ovvviiiiiiiii, 1000 VND

Unit: 2000VND
Item Amount Unit Total

1.Land preparation

Hired labor (days)

Family labor (days)

2. Seeding

Seed amount (kg)

Seeding cost

Family labor (days)

3. Weeding

Hired labor (days)

Herbicide amount

Family labor (days)

4 Fertilizer

Fertilizer amount (kg)

- NPK
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- URE

- Phosphate

- Kali

- DAP

Hired labor (days)

Family labor (days)

5.Pesticidde

Hired labor (days)

- Insecticide 1:

- Insecticide 2:

- Fungicide 1:

- Fungicide 2:

- Other pesticide 1.:

- Other pesticide 2:

Family labor (days)

6.Irrigation

Service cost

Fuel (doing by self)

Family labor (days)

7.Harvest

Service cost

Hired labor (days)

Family labor (days)

8.Processing and Selling

Milled cost

Drying cost

Family labor (days)
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Transportation cost

Family labor (days)

9.0ther costs

3.4. Total family labors:.............ccccvviieeeennnnn. days
3.5.Income:........ooi 1000 VND per total area..
Yield Amount | Sale amoun{  Min price Max price Current price (100(

(tons/ha) (tons) (1000VND/ton)| (1000VND/ton) VND/ton)

(tons)

4. Do you have any disadvantages and advantagesice cultivation?

Disadvantages:

- Lack of good varieties - Lack of capital

- Input prices increase - low technology

- Lack of market information - Decrease in yield

- Water more pollution - Other

Advantages:

- Fertility soil - Often trained new technologies
- Seed support from local authorities - Borrowing with Low interest

- Irrigation management - Other

5. What do you think the yield of rice when cormgzhto 10 years ago (1999)?
1. Increase 2. Same 3.Decrease 4.1 don’t know
5.1. If decrease, Do you think how many percertaairease of rice yield?..........c.cccvvveeeeen. %

Please give reasons why is the decrease of rtad?yi

1. Water pollution 2. Less fertility soil 3. Modisaster 4. Other
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V. INCOME FROM OTHER PRODUCTS AND JOBS:

Jobs

Amount
(1.000 VNDlyear)

Note

1.J0DS: i,

1.1. Costlyear

1.2. Income/Year

2.J0bS: i

2.1. Costlyear

2.2. Income/Year

3.J0DS: i

3.1. Costlyear

3.2. Income/Year

4, J0DS: e

4.1. Costlyear

4.2. Income/Year
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