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Abstract
In the Northern Vietnamese Mountains, paddy fields are the main source of foods and an important indicator to define wealth 
in ethnic communities. This paper deals with an application of multilevel model to predict spatial patterns of paddy field 
productivity according to hierarchical levels such as individual fields, individual households and individual villages. The 
data on land use and rice productivity gathered in Sa Pa district (Lao Cai province) is used as a calibration and validation 
dataset. Totally, 60 households owning 136 paddy plots in four villages were interviewed. The results show that in Sa Pa, 
productivity of paddy fields results from human–environment interactions at different organizational levels of field, house-
hold and village. The variables collected at field and household levels play more important role in the effective use of paddy 
fields than the variables at village level, as they account for resp. 81.2%, 18.7% and 0.1% of the variance in productivity.

Keywords  Multilevel analysis · Paddy field · Northern Vietnamese Mountains · Sa Pa district

Introduction

Agriculture worldwide faces tremendous pressure for inten-
sification over the next 50 years to satisfy the demand of 
the world population increasing by one-third from 2013 to 
2050 (Wu and Li 2013). Not surprisingly, within agricultural 
science much attention goes to a better understanding of the 
controlling factors of agricultural productivity, its spatial 

patterns and its evolution over time (Castella et al. 2005; 
Castella and Erout 2002; Isoda et al. 2012; Mohamed et al. 
2014; Mukherjee and Kuroda 2003; Van Asselen and Ver-
burg 2013). In most cases, it is what the determinants of 
crop yield and agricultural productivity are. Many studies 
have shown that rice productivity depends on both natu-
ral and socioeconomic factors. At macro-level, FAO and 
other research have described the factors affecting wetland 
rice production. Following are the factors contributing to 
the large difference in rice productivity obtained by differ-
ent world’s rice producing countries: geographic factors Electronic supplementary material  The online version of this 

article (https​://doi.org/10.1007/s1033​3-019-00771​-w) contains 
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(latitude, altitude (effect on productivity through resultant 
differences in temperature) (FAO 1995); climatic factors 
(temperature regimes, rainfall, solar radiation, day-length, 
winds and relative humidity) (Yoshida and Parao 1976); land 
and soil factors (topography, level of soil fertility) (De Datta 
1981; Kassam et al. 1991); water supply factors (water defi-
ciency, flooding with consequent crop submergence, sources 
of water, irrigation and drainage infrastructures) (Setter et al. 
1995); farming practices (rice varieties, land preparation, 
methods of crop establishment, weeds, diseases, insect pests 
and other biological agents such as rats, birds, etc.) (Fischer 
1994; Horie et al. 1994); socioeconomic factors (land tenure, 
credit availability and market accessibility, farmers’ knowl-
edge) (Jamin and Andriesse 1993).

At micro-level, Rasyid et  al. (2016) and Alam and 
Effendy (2017) estimate the effect of production input on 
rice production and the effect of socioeconomic factors on 
the technical efficiency of rice farms in Indonesia. These 
researches based on household data and results show that 
seed, fertilizer, pesticide and labor significantly positively 
affect rice production. Socioeconomic factors such as farmer 
age, education and experience, the number of household 
members and the frequency of visiting the fields had sig-
nificant positive effects on the level of technical efficiency. 
Research of Amer (2010) in Malaysia indicated that labor 
available and demand for the commodity (rice) has a strong 
positive relationship with the rice production volume, while 
land size and technology are not important factors that affect 
any unit of differences in the rice production volume. How-
ever, these two factors still have a positive relationship or 
are interpreted as contribution to the rice production level. 
In Uy (2016), it is estimated the impact of farmers’ wages, 
government budget and El niño on the annual performance 
of rice production in the Philippines.

Obviously, rice productivity relates to the biophysi-
cal properties of the land and to the adopted agricultural 
practices. However, in many cases specific spatial patterns 
of productivity appear that is unable to link directly with 
individual factors. This comes from the fact that productiv-
ity results from various interaction processes that operate 
at different levels. At individual fields, rice productivity is 
controlled by slope aspect, soil quality and solar insulation. 
At household level, the investment capacities and the income 
diversification of the household affect productivity. At vil-
lage level, rice productivity depends on market accessibility 
of the village and ethno-cultural traditions. Agricultural pro-
ductivity is thus a central component of biophysical, social 
and economic systems acting across various scales (Van 
Asselen and Verburg 2013).

Within land use science, the multilevel characteristics 
of land use and agricultural productivity were described by 
international scholars (Bouwman et al. 2006; Havlík et al. 
2011; McConnel and Moran 2001; Nelson 2002; Overmars 

and Verburg 2006; Rindfuss et al. 2004; Veldkamp et al. 
2001; Walsh et al. 2001; Wise et al. 2009). The analysis of 
such multilevel processes and their interactions is quite chal-
lenging from statistical mathematic viewpoint. Aggregation 
of processes to a higher level does not straightforwardly lead 
to a proper representation of these higher-level processes 
because relations identified at the micro-level (or fine reso-
lution) are unable to translate automatically into the same 
relation at the macro-level (or coarse resolution) (Easterling 
1997; Jones and Duncan 1995; Robinson 1950). Disaggre-
gating higher-level variables to the lower level also result in 
an exaggeration of the sample size and leads to erroneous 
conclusions (Overmars and Verburg 2006; Woltman et al. 
2012).

Recently, Hoshino (2001) and Pan and Bilsborrow 
(2005) proposed a new model supporting possible tools for 
the analysis of multilevel phenomena in land use science. 
The so-called multilevel models consist of hierarchical lin-
ear regression models that enable to combine correlations 
within and between various spatial scale levels. They were 
originally developed for application in social sciences (Wolt-
man et al. 2012) but seem to offer a high potential for land 
use analyses because land use data often have a very clear 
hierarchical structure. Moreover, multilevel modeling partly 
reduces the effect of spatial autocorrelation when neighbor-
ing observations are nested within one group (Overmars and 
Verburg 2006; Pan and Bilsborrow 2005; Polsky and East-
erling 2001). Despite these promising possibility, few stud-
ies on land use incorporated multilevel models because the 
technique requires a multilevel land use dataset (Gray et al. 
2008; Hoshino 2001; Overmars and Verburg 2006; Pan and 
Bilsborrow 2005; Vance and Iovanna 2006; Vanwambeke 
et al. 2007).

The paper aims at evaluating the potential of multi-
level models to predict spatial patterns of rice productiv-
ity whereby the following levels are used: individual fields, 
individual households and individual villages. The data on 
land use and rice productivity gathered in Sa Pa district (Lao 
Cai province in the Northern Vietnamese Mountains) will 
be used as a calibration and validation dataset. We hypoth-
esize that the productivity of paddy fields results from 
human–environment interactions at different organizational 
levels (field, household and village levels) in which deci-
sions that are taken at household level may affect the paddy 
field productivity more strongly than the dynamics at village 
level.

Based on an overview factors affecting rice productivity 
and characteristics of rice cultivation in Sa Pa district, we 
hypothesized the factors affecting rice productivity in the 
study area as listed in Table 3. At field level, we hypoth-
esized that biophysical (slope, elevation), soil characteris-
tics of each field, frequency of visiting the fields (express 
through travel time from household to the field), age of 



Paddy and Water Environment	

1 3

paddy field (for how long the field was developed) are main 
drivers of rice productivity. As the study area is small and 
has no irrigation system (rice cultivation relies only on rain-
fall), so we assume that the climate factors are the same. 
At household level, following are hypothesized as factors 
contributing to the large difference in rice productivity: 
Residence time of household (represents the experience of 
household in rice cultivation), labor available, investment 
in paddy fields (purchase hybrid seeds, chemical fertiliz-
ers, herbicide, pesticide), ethnic identity. At village level, 
four variables: Distance from village center to Sa Pa town 
(represents accessibility to market), Tourism involvement, 
Forest cover (related to ability to retain water for rice fields) 

and Paddy fields available are considered as main drivers of 
rice productivity.

Study area

The data for the multilevel modeling of rice productivity 
are gathered in two communes of Sa Pa district: Trung Chai 
and Lao Chai (Fig. 1). Lao Chai commune is situated about 
8 km southwest of Sa Pa town and has a total of ca. 3.927 
inhabitants (General Statistics Office of Vietnam 2016). It is 
located inside the Hoang Lien National Park and is primarily 
occupied by people belonging to the Hmong ethnic group. 

Fig. 1   Location of two selected communes in Sa Pa district, Lao Cai province of Northern Vietnamese Mountains
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Lao Chai is an attractive tourism site, and ca. 22% of the 
local population is (partially) engaged in the tourism sector 
by making and selling crafts, working in restaurants, hotels 
or as tour guides (Hoang et al. 2014). The commune Trung 
Chai is located northeast of Sa Pa town (about 12 km), and 
has ca. 3.761 inhabitants (General Statistics Office of Viet-
nam 2016). It is situated outside of the National park and 
its population consists of people from both Hmong and Yao 
ethnic groups. Trung Chai is not a tourism site, and only 
few villagers are engaged in tourism activities (6%) (Hoang 
et al. 2014) (Table 1).

Paddy fields are the main source of food of Hmong and 
Yao livelihoods in the study area (Culas and Michaud 2004). 
Ethnic minorities develop terraced paddy fields on steep 
mountain ranges exceeding 1000 m asl. Hmong and Yao 
people grow subsistence rice with one crop harvest per year 
on the paddy fields. Due to the harsh topographic and cli-
matic conditions, only one harvest is possible, whereas in 
better conditions in the lowlands two or even three harvests 
are possible. The rice yield is crucial for the survival of the 
household and an important indicator to define wealth in 
these ethnic communities. A household that does not pro-
duce enough rice to support its own needs is considered to 
be poor by the local people (Bonnin and Turner 2012).

Since 1990, the Vietnamese government has encouraged 
and supported modernization of agricultural practices, such 
as the application of chemical fertilizers and pesticides, and 
acquisition and sowing of high productive hybrid rice and 
corn breeds. This program called ‘the Hunger Eradication 
and Poverty Reduction Programme’ (HEPR, or Programme 
143) aimed to increase rice productivity and improve local 
food security (Bonnin and Turner 2012; Turner 2012a). The 
agricultural modernization has led to an increase in rice pro-
duction from 2.3 ton/ha in 1990 to 4.6 ton/ha in 2016 in 
Sa Pa district (General Statistics Office of Vietnam 2016). 
The increased food security resulted in an abandonment of 

swidden rice cultivation because of increasing land con-
straints, lower productivity, loss of soil fertility and lack 
of labor availability (Sowerwine 2004). However, the cul-
tivation of hybrid rice requires higher financial inputs than 
the traditional rice cultivation. Investments are necessary 
for the purchase of hybrid seeds, fertilizers and pesticides. 
These investments are often a threshold for poor farming 
households to prevent them from adopting the new tech-
nologies. For households with a more diversified income 
from off-farm activities and cultivation of cardamom, it is 
relatively easier to free funds for these investments (Bonnin 
and Turner 2012; Turner 2007, 2012b).

Materials and methods

Data collection

Data were collected during a field trip on summer 2014 at 
the level of individual fields and individual households by 
structured interviews in four villages belonging to two com-
munes: Lao Chai and Trung Chai. Totally 60 households 
were interviewed. Each household was asked to (1) answer 
a questionnaire on their land use practices and household 
characteristics and to (2) locate their paddy fields on a pan-
sharpened ALOS satellite imagery with a spatial resolution 
of 2.5 m by 2.5 m. The satellite image was printed in color 
at 1:10,000 scale with annotations of major roads and public 
facilities (Fig. 2b).

The selection of households to be interviewed was based 
on systematic random sampling using the list of household 
heads from the Vietnam Rural, Agricultural, and Fishery 
Census of 2011. The questionnaire was designed as to 
have an exhaustive list of variables that can affect produc-
tivity of paddy fields (Online Appendix S1). The location 

Table 1   Overall characteristics of the two selected communes within Sa Pa district

* National Vietnamese Census, Year book in 2016 (General Statistics Office of Vietnam 2016)
** Derived from household interviews carried out in the summer of 2014

Name of commune Ethnic group Population 
2016*

Accessibility % of employ-
ment in tour-
ism**

Located in Hoang 
Lien National 
Park?

Number of interviews

Interviewed 
households

Number of 
their paddy 
plots

Trung Chai Hmong and Yao 3761 12 km from Sa Pa 
town by asphalt 
road

5.8 No 27 73

Lao Chai Hmong 3927 8 km from Sa Pa 
town (6.5 km on 
asphalt road and 
1.5 km on gravel 
road)

22.2 Yes 33 63
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of households was mapped with handle GPS in the field. 
In total, 60 households and 136 paddy fields were located 
(Fig. 2a).

Fields were defined as a piece of land of a single owner, 
used for rice cultivation (Fig. 3). A household often owns 
a number of fields at different locations. The interviews 
focused on household information (occupations, compo-
sition, ethnic identity, residence time, labor available and 
income sources), agricultural inputs and outputs (seeds, 
chemical fertilizers, pesticide, herbicide, rice production, 
corn production and livestock), the cultivated areas, history 
of paddy fields and travel time from the household’s resi-
dence to the fields.

Biophysical (slope, elevation) and soil characteristics of 
each field were determined by overlaying the location of 
fields on topographic maps (MONRE 2009) and soil maps 
(Nguyen 2007) (Fig. 4). The fields that belong to the same 
household will have the same household characteristics.

There are four types of soil in the study area: Gleyic 
Ferralsols (Fl), Humic Ferralsols formed on granite rock 
(HFa), Humic Alisols formed on granite rock (Ha) and 
Humic Alisols formed on metamorphism rock (Hj). Most 
paddy fields are distributed on Fl and HFa (Figs. 3 and 
4). Fl soil is distributed on gentle slopes or terraced fields 

under 700 m above sea level. The soil profile is divided 
into different layers. As the top layer is f looded and 
plowed regularly, it has no structure with strong drainage. 
This layer is characterized by acidity (pHKCl = 4.8–6.0) 
and low adsorption capacity (CEC < 8 me/100g). The soil 
layer at 40–50 cm deep still retains the characteristics of 
red feralit soil on acidic magma rock with small granular 
or lumpy structure, acidity, low absorption capacity, poor 
humus and total substances; the concentration of easily 
digestive substances is medium (Nguyen 2007). HFa is 
distributed at elevation from 700 to 1700 m above sea 
level with a slope of 8–25 degrees. It is formed on gran-
ite rock. This soil is characterized by acidity (pHKCl = 4) 
and low adsorption capacity (CEC < 11.5 me/100g) 
(Nguyen 2007). The total and easy content of the surface 
substances are from poor to moderate, and they decrease 
gradually with depth. The natural soil quality of these two 
soil types are described in Table 2.

Hierarchical structure of the dataset

For the multilevel analysis, the hierarchical structure of data 
was constructed from the lowest level to the highest level as 

Fig. 2   a Location of interviewed households and their paddy fields and b Yao women identifying their paddy fields on the map, in Trung Chai 
Commune (Survey on summer 2014)
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follows: fields—households—villages. Each variable was 
collected at its corresponding level. Table 3 shows the dif-
ferent variables that were collect at the different hierarchical 
levels. The rice productivity on the individual fields was 
considered as dependent variable.

Calibration of multilevel models for the assessment 
of rice productivity

A three-level model was developed and calibrated following 
an approach described by Overmars and Verburg (2006). The 
basic equation is as follows (Eq. 1):

Fig. 3   Distribution of paddy fields (yellow color) in Trung Chai and Lao Chai commune in 2014 (derived from VHR-SPOT 5 image), (MONRE 
2014). (Color figure online)

Fig. 4   Soil map of Trung Chai and Lao Chai commune (Nguyen 2007)
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Whereby: PRODUCTIVITYijk is the rice productivity in ton/
ha for field ‘i’ belonging to household ‘j’ in village ‘k.’ For 
the acronyms of the other variables, we refer to Table 3.

The coefficients for each variable are structured as 
follows:γ000 is the intercept; γ100, γ200, γ300, γ400, γ500, γ600 are 
vectors of field-level coefficients; γ010, γ020, γ030, γ040, γ050 are 
vectors of household-level coefficients; γ001, γ002, γ003, γ004 are 
vectors of village-level coefficients; r0jk is the household-level 
random part; u00k is the village-level random part; and eijk is 
the field-level random part.

We present four different random intercept models. The first 
model is the null model, which informs about the variability 
at the different levels. In the subsequent models, the variables 
will be added per level to see the influence of these groups of 
variables on the variance component of the higher levels. The 
analysis was performed with the HLM 6 software (Rauden-
bush et al. 2004).

To indicate the proportion of variance that is accounted for 
by the group level, the interclass correlation coefficients (ρr 
and ρu, for the household and village levels, respectively) are 
calculated following Eq. 2 (household level) and Eq. 3 (vil-
lage level) (Browne et al. 2005; Overmars and Verburg 2006; 
Snijders and Bosker 1999):

where ρr and ρu are the interclass coefficients for the house-
hold and village levels, var(r0jk) is the variance of the random 

(1)

PRODUCTIVITYijk = �000 + �100 ∗ SLOPE_FIELDijk + �200 ∗ ELEVATION_FIELDijk

+ �300 ∗ AGE_FIELDijk + �400 ∗ ACCESS_FIELDijk + �500 ∗ SOIL_FLijk

+ �600 ∗ SOIL_HFaijk + �010 ∗ ETHNIC_Hjk + �020 ∗ ETHNIC_Yjk

+ �030 ∗ RESIDENCEjk + �040 ∗ LABORjk + �050 ∗ INVESTjk

+ �001 ∗ TOURISM_VILLAGEk + �002 ∗ ACCESS_VILLAGEk

+ �003 ∗ FOREST_VILLAGEk + �004 ∗ PADDY_VILLAGEk + r0jk + u00k + eijk

(2)�r = var (r0jk)∕(var (r0jk) + var (u00k) + �
2∕3)

(3)�u = var (u00k)∕(var (r0jk) + var (u00k) + �
2∕3)

intercept at household level and var(u00k) is the variance of 
the random intercept at village level. A logistic distribution 
for the level one (field level) residual implies a variance of 
π/3, which appears as the field-level variance in Eqs. 2 and 
3 (Overmars and Verburg 2006; Snijders and Bosker 1999).

Results

Table 4 shows the calibrated values for the different stages 
of the multilevel model. Model 1 (Null model) is the empty 
model, which does not include any explanatory variables, 
but only includes random effects at the higher levels. Model 
1 shows that the variance is significant (p < 0.001) at levels 
2 and 3. The interclass correlation coefficients (ρr and ρu) 
indicate that 18.8% of the variance can be attributed to the 
household level and 25.6% to the village level. The remain-
ing variance is in level 1. Thus, both the household and the 
village variables might be considered as predictors of pro-
ductivity of paddy fields. This is studied in more detail with 
the models 2, 3 and 4.

Model 2 introduces a set of geographic, biophysical and 
soil variables at field level that are considered as explana-
tory variables for the productivity of paddy fields. The result 
shows that ‘elevation,’ ‘soil_Fl’ and ‘travel time from hh to 
field’ variables are significant. The fields that are located 
at higher elevations or further away from the household’s 
residence seem to have lower productivity because of inac-
cessibility and less labor input. The coefficients of model 
2 show that if the elevation of a field increases by 100 m, 
the productivity will decrease by 0.87 ton/ha. Similarly, if 

Table 2   Results of soil quality 
analysis (Nguyen 2007)

Soil deep pHKCl Humic (%) Total (%) Easy absorbed content 
(mg/100 soil gram)

N P2O5 N P205 K20

Fl
1 (0–30 cm) 4.8 2.37 0.15 0.07 – 1.0 25.0
2 (30–70 cm) 6.0 1.27 0.13 0.07 3.0 1.5 12.0
HFa
1 (0–30 cm) 4.0 3.92 0.19 0.06 4.0 1.0 23.0
2 (30–50 cm) 4.0 1.32 0.08 0.01 2.5 1.0 23.0



	 Paddy and Water Environment

1 3

Ta
bl

e 
3  

D
es

cr
ip

tio
n 

of
 th

e 
va

ria
bl

es
 in

 th
e 

da
ta

se
t u

se
d 

in
 th

e 
m

ul
til

ev
el

 a
na

ly
si

s

Va
ria

bl
e 

na
m

e
A

cr
on

ym
D

es
cr

ip
tio

n
O

ve
rv

ie
w

 o
f f

ac
to

rs
 in

flu
en

c-
in

g 
ric

e 
pr

od
uc

tiv
ity

U
ni

t
M

in
M

ax
M

ea
n

So
ur

ce
s

D
ep

en
de

nt
 v

ar
ia

bl
es

 (fi
el

d 
le

ve
l: 

le
ve

l 1
, n

 =
 13

6)
R

ic
e 

pr
od

uc
tiv

ity
PR

O
D

U
C

TI
V

IT
Y

Pr
od

uc
tiv

ity
 o

f e
ac

h 
pa

dd
y 

fie
ld

To
n/

ha
1

10
4

In
te

rv
ie

w
 in

 2
01

4

In
de

pe
nd

en
t v

ar
ia

bl
es

 a
t fi

el
d 

le
ve

l (
le

ve
l 1

, n
 =

 13
6)

Sl
op

e
SL

O
PE

_F
IE

LD
Sl

op
e 

of
 p

ad
dy

 fi
el

d 
th

at
 w

as
 

de
te

rm
in

ed
 b

y 
ov

er
la

yi
ng

 th
e 

lo
ca

tio
n 

of
 fi

el
d 

on
 to

po
-

gr
ap

hi
c 

m
ap

To
po

gr
ap

hy
 in

te
rfe

re
s w

ith
 th

e 
di

str
ib

ut
io

n 
of

 w
at

er
 su

pp
lie

s 
(F

A
O

 1
99

5)
. R

ic
e 

pa
dd

ie
s 

on
 st

ee
pe

r s
lo

pe
s a

nd
 h

ig
he

r 
al

tit
ud

es
 a

re
 g

en
er

al
ly

 le
ss

 
pr

od
uc

tiv
e 

(I
so

da
 e

t a
l. 

20
12

)

D
eg

re
e

0
35

17
To

po
gr

ap
hi

c 
m

ap
 (M

O
N

R
E 

20
09

)

El
ev

at
io

n
EL

EV
A

TI
O

N
_F

IE
LD

El
ev

at
io

n 
of

 p
ad

dy
 fi

el
d 

th
at

 
w

as
 d

et
er

m
in

ed
 b

y 
ov

er
la

y-
in

g 
th

e 
lo

ca
tio

n 
of

 fi
el

d 
on

 
to

po
gr

ap
hi

c 
m

ap

m
. a

sl
80

0
13

45
10

99

Tr
av

el
 ti

m
e 

fro
m

 h
ou

se
-

ho
ld

 to
 th

e 
fie

ld
A

C
C

ES
S_

FI
EL

D
Tr

av
el

 ti
m

e 
fro

m
 th

e 
re

si
de

nc
e 

of
 th

e 
ho

us
eh

ol
d 

to
 th

e 
fie

ld
Tr

av
el

 ti
m

e 
fro

m
 h

ou
se

ho
ld

 
to

 th
e 

fie
ld

 a
ffe

ct
s f

re
qu

en
cy

 
of

 v
is

iti
ng

 th
e 

fie
ld

s. 
H

ig
he

r 
fr

eq
ue

nc
y 

vi
si

tin
g 

th
e 

fie
ld

s 
le

d 
to

 in
cr

ea
se

d 
le

ve
ls

 o
f 

te
ch

ni
ca

l e
ffi

ci
en

cy
 fo

r r
ic

e 
fa

rm
s (

R
as

yi
d 

et
 a

l. 
20

16
)

M
in

ut
e

1
15

0
15

In
te

rv
ie

w
 in

 2
01

4

A
ge

 o
f fi

el
d

A
G

E_
FI

EL
D

Fo
r h

ow
 lo

ng
 th

e 
fie

ld
 w

as
 

de
ve

lo
pe

d
N

ew
er

 fi
el

ds
 m

ay
be

 n
ot

 le
ss

 
pr

od
uc

tiv
e 

th
an

 o
ld

er
 o

ne
s 

(I
so

da
 e

t a
l. 

20
12

)

Ye
ar

2
10

3
54

So
il_

Fl
SO

IL
_F

L
1 

if 
so

il 
ty

pe
 is

 F
l, 

0 
ot

he
rw

is
e

Y
ie

ld
 o

f w
et

la
nd

 ri
ce

 is
 

in
flu

en
ce

d 
by

 th
e 

le
ve

l o
f s

oi
l 

fe
rti

lit
y 

(A
la

m
 a

nd
 E

ffe
nd

y 
20

17
). 

Th
e 

de
fic

ie
nc

y 
of

 
ni

tro
ge

n,
 p

ho
sp

ho
ru

s, 
hu

m
us

 
ar

e 
co

m
m

on
 c

on
str

ai
nt

 to
 

w
et

la
nd

 ri
ce

 p
ro

du
ct

io
n 

(C
as

sm
an

 e
t a

l. 
20

05
; F

A
O

 
19

95
; J

am
in

 a
nd

 A
nd

rie
ss

e 
19

93
)

0 
or

 1
0

1
0.

65
Ex

tra
ct

io
n 

fro
m

 S
oi

l m
ap

 o
f S

a 
Pa

 d
ist

ric
t (

N
gu

ye
n 

20
07

)

So
il_

H
Fa

SO
IL

_H
Fa

1 
if 

so
il 

ty
pe

 is
 H

fa
, 0

 o
th

er
-

w
is

e
0 

or
 1

0
1

0.
33



Paddy and Water Environment	

1 3

Ta
bl

e 
3  

(c
on

tin
ue

d)

Va
ria

bl
e 

na
m

e
A

cr
on

ym
D

es
cr

ip
tio

n
O

ve
rv

ie
w

 o
f f

ac
to

rs
 in

flu
en

c-
in

g 
ric

e 
pr

od
uc

tiv
ity

U
ni

t
M

in
M

ax
M

ea
n

So
ur

ce
s

In
de

pe
nd

en
t v

ar
ia

bl
es

 a
t h

ou
se

ho
ld

 le
ve

l (
le

ve
l 2

, n
 =

 60
)

Re
si

de
nc

e 
tim

e
R

ES
ID

EN
C

E
N

um
be

r o
f g

en
er

at
io

ns
 fo

r t
ha

t 
th

e 
fa

m
ily

 h
av

e 
be

en
 li

vi
ng

 in
 

th
e 

Sa
 P

a

A
ge

 o
f f

ar
m

er
s o

r r
es

id
en

ce
 

tim
e 

w
as

 p
os

iti
ve

ly
 c

or
re

la
te

d 
w

ith
 ri

ce
 fa

rm
 e

xp
er

ie
nc

e 
an

d 
in

cr
ea

se
d 

ex
pe

rie
nc

e 
an

d 
kn

ow
le

dg
e 

le
d 

to
 in

cr
ea

se
d 

te
ch

ni
ca

l e
ffi

ci
en

cy
 (R

as
yi

d 
et

 a
l. 

20
16

)

G
en

er
at

io
n

2
7

4
In

te
rv

ie
w

 in
 2

01
4

La
bo

r
LA

BO
R

N
um

be
r o

f h
ou

se
ho

ld
 in

di
vi

du
-

al
s f

ro
m

 1
5 

to
 6

0 
ye

ar
s o

ld
A

dd
iti

on
al

 la
bo

r a
llo

w
s r

ic
e 

fa
rm

 a
ct

iv
iti

es
, f

or
 e

xa
m

-
pl

e,
 so

il 
til

la
ge

, w
ee

di
ng

, 
fe

rti
liz

at
io

n,
 p

es
t a

nd
 d

is
ea

se
 

co
nt

ro
l, 

to
 b

e 
im

pl
em

en
te

d 
in

 
a 

tim
el

y 
m

an
ne

r t
ha

t i
n 

tu
rn

 
w

ill
 in

cr
ea

se
 ri

ce
 p

ro
du

ct
io

n 
(L

i e
t a

l. 
20

08
; A

la
m

 a
nd

 
Eff

en
dy

 2
01

7;
 R

as
yi

d 
et

 a
l. 

20
16

)

Pe
rs

on
2

7
4

In
ve

stm
en

t i
n 

pa
dd

y 
fie

ld
s

IN
V

ES
T

To
ta

l i
nv

es
tm

en
t o

f h
ou

se
ho

ld
 

in
 p

ad
dy

 fi
el

ds
 (p

ur
ch

as
e 

hy
br

id
 se

ed
s, 

ch
em

ic
al

 fe
r-

til
iz

er
s, 

he
rb

ic
id

e,
 p

es
tic

id
e,

 
et

c.
)

Fe
rti

liz
er

 h
ad

 a
 si

gn
ifi

ca
nt

 
eff

ec
t o

n 
ric

e 
pr

od
uc

tio
n.

 
A

dd
iti

on
al

 fe
rti

liz
er

 o
n 

ag
ric

ul
tu

ra
l l

an
d 

in
cr

ea
se

d 
th

e 
nu

tri
en

ts
 n

itr
og

en
, s

ul
fu

r 
an

d 
po

ta
ss

iu
m

 in
 th

e 
so

il 
th

at
 w

er
e 

ne
ed

ed
 b

y 
ric

e 
(L

i e
t a

l. 
20

08
; A

la
m

 a
nd

 
Eff

en
dy

 2
01

7;
 R

as
yi

d 
et

 a
l. 

20
16

). 
Pe

sti
ci

de
s s

ig
ni

fi-
ca

nt
ly

 a
ffe

ct
ed

 ri
ce

 p
ro

du
c-

tio
n,

 re
du

ci
ng

 d
am

ag
e 

to
 ri

ce
 

pa
ni

cl
es

 b
y 

pe
sts

 a
nd

 d
is

ea
se

, 
to

 m
ai

nt
ai

n 
pr

od
uc

tio
n 

(D
ew

i 
an

d 
Id

ris
, 2

00
5)

kV
N

D
/h

a/
ye

ar
32

02
10

,9
31

56
91

Et
hn

ic
ity

 H
m

on
g

ET
H

N
IC

_H
1 

if 
ho

us
eh

ol
d 

he
ad

 is
 H

m
on

g,
 

0 
ot

he
rw

is
e

H
m

on
g 

ha
ve

 th
ei

r p
ad

dy
 fi

el
ds

 
on

 st
ee

pe
r s

lo
pe

s a
t h

ig
he

r 
al

tit
ud

es
 c

om
pa

re
d 

to
 o

th
er

s 
et

hn
ic

ity
 (J

ad
in

 e
t a

l. 
20

13
) 

so
 m

ay
be

 th
ey

 g
et

 le
ss

 ri
ce

 
pr

od
uc

tiv
ity

0 
or

 1
0

1
0.

9



	 Paddy and Water Environment

1 3

Ta
bl

e 
3  

(c
on

tin
ue

d)

Va
ria

bl
e 

na
m

e
A

cr
on

ym
D

es
cr

ip
tio

n
O

ve
rv

ie
w

 o
f f

ac
to

rs
 in

flu
en

c-
in

g 
ric

e 
pr

od
uc

tiv
ity

U
ni

t
M

in
M

ax
M

ea
n

So
ur

ce
s

Et
hn

ic
ity

 Y
ao

ET
H

N
IC

_Y
1 

if 
ho

us
eh

ol
d 

he
ad

 is
 Y

ao
, 0

 
ot

he
rw

is
e

0 
or

 1
0

1
0.

1

In
de

pe
nd

en
t v

ar
ia

bl
es

 a
t v

ill
ag

e 
le

ve
l (

le
ve

l 3
, n

 =
 4)

D
ist

an
ce

 to
 d

ist
ric

t c
ap

ita
l

A
C

C
ES

S_
V

IL
LA

G
E

D
ist

an
ce

 fr
om

 v
ill

ag
e 

ce
nt

er
 to

 
Sa

 P
a 

to
w

n
D

ist
an

ce
 fr

om
 v

ill
ag

e 
ce

nt
er

 to
 

Sa
 P

a 
to

w
n 

re
pr

es
en

ts
 a

cc
es

-
si

bi
lit

y 
to

 m
ar

ke
t f

or
 b

uy
in

g 
ric

e 
in

pu
t

km
8

12
10

To
po

gr
ap

hi
c 

m
ap

 (M
O

N
R

E 
20

09
)

To
ur

is
m

 in
vo

lv
em

en
t

TO
U

R
IS

M
_V

IL
LA

G
E

%
 o

f t
he

 p
op

ul
at

io
n 

of
 th

e 
vi

lla
ge

 in
vo

lv
ed

 in
 to

ur
is

m
 

in
du

str
y

Th
e 

in
tro

du
ct

io
n 

of
 to

ur
is

m
 

in
cr

ea
se

d 
th

e 
liv

in
g 

st
an

da
rd

 
of

 th
e 

et
hn

ic
 m

in
or

iti
es

 a
nd

 
le

d 
to

 m
or

e 
in

te
ns

iv
e 

fa
rm

in
g 

sy
ste

m
s w

ith
 fo

re
st 

re
gr

ow
th

 
on

 a
ba

nd
on

ed
 fi

el
ds

 (H
oa

ng
 

et
 a

l. 
20

18
)

%
1

25
8

In
te

rv
ie

w
 in

 2
01

4

Fo
re

st 
co

ve
r

FO
R

ES
T_

V
IL

LA
G

E
Pe

rc
en

ta
ge

 o
f a

re
a 

co
ve

re
d 

by
 

fo
re

st
Th

e 
ag

ro
-e

nv
iro

nm
en

t a
ffe

ct
ed

 
by

 d
ef

or
es

ta
tio

n 
ha

d 
an

 
im

pa
ct

 o
n 

cr
op

la
nd

 st
ab

ili
ty

 
an

d 
pr

od
uc

tiv
ity

 (L
im

 e
t a

l. 
20

17
).

%
19

53
40

La
nd

 c
ov

er
 m

ap
 2

01
4

Pa
dd

y 
fie

ld
 av

ai
la

bl
e

PA
D

D
Y

_V
IL

LA
G

E
A

ve
ra

ge
 p

ad
dy

 fi
el

d 
ar

ea
 u

se
d 

pe
r h

ou
se

ho
ld

La
nd

 a
re

a/
ho

us
eh

ol
d 

ca
n 

ex
pl

ai
ne

d 
va

ria
tio

n 
in

 th
e 

ap
pl

ic
at

io
n 

of
 ri

ce
 te

ch
no

lo
gy

 
by

 fa
rm

er
s (

FA
O

 1
99

5)

ha
/h

ou
se

ho
ld

8
15

12



Paddy and Water Environment	

1 3

the travel time from the household’s residence to the field 
increases by 10 min, the productivity will decrease by 0.16 
ton/ha. The fields located on HFa soil seem to have lower 
productivity compared to that on Fl soil. The levels 2 and 3 
random parts are still significant, but the variance compo-
nent of level 2 increases while the variance component of 
level 3 decreases substantially compared to the null model. 
This means that the variables included account for the 
household-level variability.

Model 3 adds household variables to model 2. The result 
shows that the productivity of paddy fields is positively 
related with the investment capacity in paddy fields and 
residence time. The coefficients of model 3 show that if 
the investment in paddy field increases by 1000 kVND/ha, 
the productivity will increase by 0.24 ton/ha. Similarly, if 
the residence time of household in Sa Pa district increases 
by 1 generation, the productivity will increase by 2.6 ton/
ha. After including the household-level variables, the 

random part of level 2 (household level) decreased slightly. 
Apparently, the variance at level 2 is largely captured by 
the included variables. The level 1 variables are still sig-
nificant. The level 3 variance decreased in comparison with 
model 2.

Model 4 adds the village-level variables to the model 3. 
The result shows that the productivity of paddy fields is posi-
tively related with forest cover. If forest cover increases by 
10%, the productivity will increase by 0.43 ton/ha. Including 
village variables results in a higher random part at household 
level, while the random part at village level decreased. The 
interclass correlation coefficients of full model (ρr and ρu in 
Table 4, model 4) indicate that variables at household level 
contributed for 18.7% of the variance of outcome variable 
(rice productivity) and village variables contributed for only 
0.1%. The remaining variance (81.2%) is in level 1.

Table 4   Multilevel models for productivity of paddy fields

*p < 0.1
**p < 0.01
***p < 0.001

Paddy productivity (ton/ha) Model 1 (Null model) Model 2 (level 1) Model 3 (level-2) Model 4 (level-3)

Fixed effects
Level 1 (field level)
 Intercept 4.166392** 12.766173** 6.679641* 7.339103*
 Slope 0.055026 0.050709 0.054379
 Elevation − 0.008680*** − 0.005380* − 0.005777*
 Travel time from household to field − 0.016496* − 0.014409* − 0.014677*
 Age of field − 0.001633 0.001400 0.001253
 Soil_Fl 0.204652 0.150494 0.368720
 Soil_HFa − 0.204652* − 0.150494* − 0.368720*

Level 2 (household level)
 Investment in agriculture 0.000242* 0.000241*
 Labor 0.016421 0.008247
 Residence time 0.257579* 0.259640*
 Ethnic Hmong 0.073783 0.151141
 Ethnic Yao − 0.093229 − 0.171557

Level 3 (village level)
 Distance to district capital − 0.000087
 Tourism involvement 0.06733
 Forest cover 0.043470*
 Paddy field available 0.050572

Random effects
Level 2
 var(r0jk) 1.10811*** 0.97961*** 0.57996*** 0.75443***
 ρr 0.188 0.230 0.150 0.187

Level 3
 var(u00k) 1.51158*** 0.00038* 0.00026* 0.00028*
 ρu 0.256 0.000089 0.000067 0.00063
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Discussion

At field level, the results show that fields that are located 
at higher elevations or further away from the household’s 
residence seem to have lower productivity. This can be 
explained by inaccessibility and less labor input. On the 
contrary, if the paddy fields are close to the household’s resi-
dence or accessible, farmers will visit the field more often, 
thus leading to increased levels of technical efficiency for 
rice farms (Rasyid et al. 2016). Our results show that slope 
variable does not influence rice productivity significantly. 
This is consistent with research of Isoda et al. (2012) in Sa 
Pa district reporting that rice paddies on steeper slopes and 
higher altitudes are generally less productive, but that some 
villages can obtain higher productivity because of effective 
use of fertilizers. In addition, the paddy fields in our study 
area were created into the terraces on slope hills to reduce 
the effect of slope. This cultivated technique was first intro-
duced by the Hmong and Yao who migrated from southern 
China to northern Vietnam in the late nineteenth and early 
twentieth centuries (Michaud 1997). The results show that 
there is no linkage between the age of the fields and produc-
tivity. This is consistent with research of Isoda et al. (2012) 
who reported that newer fields are not less productive than 
older ones, as the productivity also depends on effective use 
of fertilizers. The research indicates that the fields located 
on HFa soil seem to have lower productivity compared to 
the fields on Fl soil. This can be explained by the fact that 
HFa is distributed on steeper slopes at higher altitudes that 
are not very suitable for rice cultivation.

At household level, the results support the conclusions of 
earlier research of Hoang et al. (2018) in Sa Pa, as it shows 
that the productivity of paddy fields is positively related with 
the investment capacity of households. This research showed 
that households that are engaged in tourism get higher pro-
ductivity because they invest more in chemical fertilizers 
and hybrid seeds. This was not observed here at village level, 
but can be due to the limited number of observations at vil-
lage level (n = 4), that is simply not enough to draw statisti-
cally sound conclusions. Our results also agree with research 
of Rasyid et al. (2016), Alam and Effendy (2017), Effendy 
(2015) and Li et al. (2008) that indicated that fertilizer had 
a significant effect on rice production. Additional fertilizer 
on agricultural land increased the nutrients nitrogen, sulfur 
and potassium in the soil that were needed by rice. Pesticides 
significantly affected rice production, reducing damage to 
rice panicles by pests and disease, to maintain production 
(Dewi and Idris 2005). Our results show that the family that 
has been living in the Sa Pa for longer time can harvest 
higher productivity. The residence time reflects farm lifecy-
cles in indigenous land use. The households that have been 
living in the study area for many generations will get higher 

productivity as they occupy more fertile fields and have 
more experience with paddy field cultivation. The results 
agree with research of Rasyid et al. (2016) that indicates 
that if a farmer consistently grows rice, they will increase 
technical efficiency over time.

At village level, the productivity of paddy fields is posi-
tively related with forest cover. That means that the more 
forests, the higher rice productivity or in other words, the 
less forest, the lower productivity. This result supports 
research of Lim et al. (2017) that identify the changes in 
agricultural quality under deforestation such as wind ero-
sion, water erosion, organic carbon loss, and runoff. The 
agro-environment affected by deforestation had an impact 
on cropland stability and productivity

This study suggests a bottom-up approach for improving 
paddy field productivity instead of a top-down approach. 
Investments should focus on improving the field conditions 
and the farming capacity of the household rather than invest-
ing in the macro-level.

Conclusion

Multilevel analysis is an interesting approach to deal with 
scale and level issues in land use studies. This case study has 
shown that the productivity of paddy fields can be explained 
by variables at three organizational levels: field, household 
and village. At the field level, ‘elevation,’ ‘soil_HFa’ and 
‘travel time from household’s residence to field’ are signifi-
cant predictors of productivity. The fields that are located 
at higher elevations or further away from the household’s 
residence seem to have lower productivity because of inac-
cessibility and less labor input. The fields on HFa soil can 
get lower productivity than that on Fl soil. At household 
level, the results show that the productivity of paddy fields 
is positively related with the investment capacity in paddy 
fields and the residence time. The households that invested 
more capital in paddy fields by buying hybrid seeds, chemi-
cal fertilizers and pesticides generally get higher productiv-
ity. Also, households that have been living in the study area 
for many generations use to get higher productivity as they 
occupy the more fertile fields and have more experience in 
paddy field cultivation. At village level, the productivity of 
paddy fields is positively related to forest cover.

The results of multilevel modeling reveal at which organi-
zational levels the explanatory variables explain the land use 
intensification. Productivity of paddy fields is predominantly 
determined by geographic, biophysical and variables at field 
level, that account for 81.2% of the variance in productivity. 
Variables at village level explain only 0.1% of the outcome 
variable. The variables that were collected at household level 
also play an important role and account for 18.7% of the 
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variance in productivity. These results suggest that the deci-
sions that are taken at household level may affect the land 
use more strongly than the dynamics at village level.
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