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Abstract — This research employed the SALUS (System
Approach to Land Use Sustainability) model to simudte the
impact of climate change on rice production in theRed River
Delta (RRD) area in northern Vietnam. The SALUS moel
was integrated into GIS (Geographic Information Sysem) to
simulate plant growth and soil condition on a day-®-day
basis using weather data collected from meteorologstations
over a 30 year span (1982-2011). Next, using thAl®JS
model we compared observed yield with simulated g
Finally, we validated the impact of climate changeon rice
productivity in the study area. The residual mean guare of
the comparison proved (87% confidence) that the mas
successfully simulated yield output changes for elgear.

Keywords — Climate Change, Vietnam Agriculture, Red
River Delta, SALUS Model, Geographic Information Sytem

|. INTRODUCTION

Over the years, human activities such as transpmrta
agriculture, fossil fuels combustions, waste
treatment/disposal, land use change, biomass lgueim
have tremendously affected the atmospheric qualit
Climate change scenarios were developed accordititet
Spatial Report on Emission Scenarios (SRES-IPCGg. T
SRES scenario with the lowest greenhouse gas emiss
(B1) between the years 2090-2099 were compared wi
those between 1980-1999, during which temperatsre
projected to increase by @ Vietnam is one of the
countries located in the Southeast Asia monsoc
circulation, which is influenced by the South Asiar
monsoon, in the summer and the East Asian monsoon
the winter. Climate in Vietnam is also affected tne
inland movement of tropical convergence zonesiate
over Vietnam from Siberia.

Approximately 47% of RRD is used for agriculturedan
aquaculture. Over 90% of the area is used for dronaps
such as rice [1]. Based on Vietnam Statistic YeaokB
[20], the population density of RRD is 961 persanfk
which is approximately four times the national aags.
RRD has a complex hydraulic channel system inclydin
irrigation and drainage arroyos [7]-[15]. In accamde
with present economic division plan, 63 provincesl a
cities of the country are divided into 7 regionseoof
them is RRD. RRD covers 10 provinces or cities
including Hanoi, Bac Ninh, Vinh Phuc, Ha Nam, Hai
Duong, Hai Phong, Hung Yen, Nam Dinh, Ninh Binh and
Thai Binh. RRD includes 85 districts and 96 towms a
spans over a total area of 14.806 km?, coveringita%o
area of the country.

RED RIVER DELTA, VIET NAM
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Fig. 1. Red River Delta in Vietnam

RRD is one of the most important rice producing RRD delta has the highest population density in

regions in Vietnam, being second only to the Mekon
River Delta. Historically, rice production in RRDa#
contributed to 15% of the nation’s entire rice autf20].
Rice has been identified as the most importaniesfapd,
on which about two-thirds of the world’'s population
depend [8]. Hence, RRD’s role in rice productiorvitsl
not only from the Viethamese perspective, but fritra
world perspective as well.

. RELATED WORK

A. Study Site

Yietnam (about 1225 people/km?) (2006), where tital t
population reaches about 17.649.700 people (2003).
Therefore, the RRD region is enduring significant
population pressure, having population density 64 2
person/km2 making it the highest among seven region
and is nearly 6-7 fold bigger than average ratethef
country.
B. Related Work and Threats for Agriculture in
Vietnam

Although the country experienced a rapid rate of
industrialization over the last two decades agtirel
remains the dominant economic sector in Vietnam’'s

The RRD in northern Vietnam (Fig.1) is the seconédconomy, and of the total 33095,1 thousand hailatie
largest delta in Vietham with the second highestountry, agricultural land use occupies 26280,%s$aad

population density, behind Mekong River Delta. RRD
used as the study area for this research that gmphe

ha. Climate change in southeast Asian region caddce
agricultural productivity by 2 to 15% in Vietham 3R

SALUS-WebGIS model to simulate climate chang&his is partly due to the impact of climate chaagd also

impacts on rice productivity.
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vulnerable to an increased frequency and magnitfde experiments were appended to the attributes ofgpoly
extreme events and to sea level rise [18]-[11Fk @hea [6].
most seriously threatened by climate change and
environment conditions are RRD (North Vietnam), an{osecrlconinen  [counry[Sme  [NaME [Soil Weaher [Experiment
Mekong RIVGI‘ Delta (South V|etnam) and as both a 4866 North America |USA Arkansas  |Washington|TB0O0000010 |CIMM  (20041113113415
important rice-producing areas, the risk to theiama , s / /
economy is significant. Vietham is characterizedchyp e ¥ g
rotation (rice) that results in two seasons of poeduction Imalh's PN & _
as follows: i) Spring crop rotation (dong-xuan)rof the s X /
late October to the late April or May; ii) Autummop - | ) e
rotation (he-thu): from the late April or May toetHate \ : = -
September or October. R e ;L
According to EACC [22] would effect on rice yields _‘
ranging from 12 percent (Mekong River Delta) to 24
percent (Red River Delta). Changes in rice yielel \ary
widely through crops, agro-ecological zones, clena
change. Fig. 3. The mtegratlon of polygons and SALUS data
There are many studies such as simulation of ofimat Source: [3]
change on rice by DSSAT in English literature. This
research is the first research using SALUS modebimte C. Data Collection
Web-GIS to predict climate change impact on rice There are 10 provinces of the Red River Delta, the
productivity in Vietham’s North delta over spaceldime. author collected all the meteorological data sushsail
data, daily weather including daily temperaturenfedl,
ll. M ETHODOLOGY sunshine hour data are used in this researchhélidata
are supported from Vietnam National Centre for Hydr
A. Modelling System: System Approach to Land y4eeteorological forecasting in the past 30 years fi®82-
Sustainability (SALUS) Model 2011. These data are obtained for seven major
The SALUS model derived from the CERES model [L etgorologmal statlons. which representative for 10
and IBSNAT [17]. And the model has been shown th rovinces in the Req River Delta (Ha Nam, Hung Yen,
input data such as management practices, watendeala Lang, Nam Dinh, Ninh Binh, Phu Lien, and Thai Binh
soil organic matter, nitrogen and phosphorous dycsm station)
heat balance, plant growth and plant developmgnifge
components of SALUS model are also shown in Fig.2: IV. RESULTS

B:l-—
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A. Simulation Results
THAI BINH Station
— 1 y The .S_ALUS model was used to simulate rice
> Y productivity for the past 30 years from 1982 to ROA
s ’ validation model was used to adjust some paranueter
Management ’ efficient inside the model such as soil, genetic,
/ e management, and real daily weather data. We toed t
adjust simulation parameters to fit with observeduits.
The outcome shows that simulated results are fuitéth
observed one. Hence the model can predict ricd yiety
Fig. 2. Components of SALUS well. It illustrates almost the same pattern obserenes.
Sours: [3] The model can predict for true conditions undefediint

climates and as the simulated rice yield lineditssely to
The SALUS model [4] is freeware and can behe observed one (Fig.4).

downloaded fronfttp://www.salusmodel.net
B. Integrating SALUS Model — WebGIS

SALUS-WEBGIS employs the ESRI shapefile as the
source of spatial data with geometry type limited t |**

polygons. Polygon features were used to display th F

Input Data
Result Data

Parameter

THAI BINH Station

spatial variability of simulations. A managemenagiice ———

is called an experiment in SALUS-WEBGIS. Experinsent |

record weather data, soil data and the strategfes P lem w15 w00 0r om0 201
cultivation including planting, irrigation, tillageesidues, —e—SimulatedRice Vield  —m—Observed Rice Yield

fertilizer and harvest (Fig.3). Each polygon wakdid to a

. . L2 . ; Fig. 4. Comparison of Observed data and Simulatgd D
unique experiment. Similarly, the simulation resutif

at Nam Dinh station
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At Thai Binh province, the actual rice yield in I9&
3400 kg/ha, after adjusting data the simulateddyigl | 5.,
4977 kg/ha. In 2010: the observed vield is 6640h&y YO e
after adjusting data in model, the simulated yisld731
(kg/ha). In 2011: the observed yield is 6590 (ky/ladter
adjusting data in model the simulated yield is 414
(kg/ha). In face the underestimate is quite sulistan
trends are similar and this process shows that ri
productivity has increased during the last threeades. 4000 1
B. Calibration and Validation: RMSE

Model accuracy was evaluated by calculating thé ro
mean square error (RMSE) between observed a| 2000 ‘ !
Simulated Value: 2000 4000 6000 8000

-1

6000 -

1 Fig. 5. Comparison the simulated yield and obserield
RMSE= \/E é(tk - Y )2 in 30 years of Red River Delta

Where, tk is the actual value, yk is the prediotatie ~ SALUS model was used to generate 30 years (1982-
produced by the model, and m is the total 31 olesery2011) of daily weather data of maximum and minimum
years. In the two validation studies with the CR@B$ témperature, precipitation, and solar radiation éarch
model, RMSE was between 383 and 560 kg ha-1. In ti§Eation to represent the baseline climate conditiofp
study with the APSIM model, RMSE was obtained frongvaluate the performance of SALUS, we extracted 30
simulated and observed above ground biomass at kgooyears of daily weather data, and compared thesgesal
ha-1. In our study, RMSE range from (-1000) to ZBde  With actual daily weather data.
weather data were obtained from VNCHMF and fron§- Development of Climate Scenarios for Study Site
each local meteorological station located aboup@@®m  SALUS model was run in a continuous condition af, so
from the study area. Soil input data (sand, siti aly Crop, water, nutrient under different management
content, bulk density, organic carbon and waterit$im strategies. The rotational simulations were peréinas
were determined, to minimize the RMSE values fa thfollows:
complete field and obtain an average percentaferelifce ~ According to MONRE report, Table | shows that the
between simulated and measured values of yieldinwithaverage annual temperature in RRD would increas® fr
the stable zone. 0.70 to 2.23C by 2050 under MONRE and IPSL scenario.

The simulation accuracy regarding the soil water
contents shows two different patterns. The simoati Table | Average annual temperature increase inegsgr
quality was also evaluated using RMSE obtained frofy agro-ecological zone
simulated and observed rice yield. RMSE obtainednfr Agro- IPSL- IPSL-  GISS- GISS- MONR  MONR
the comparison of observed yield with those sinealdy 50109 2030 2050 2030 2050 E-2030 B
SALUS model. The grain yield was obtained in thedso —Nortnwest  1..8 222 091 139 0.80 133
from a conversion that R2 = 0.8715 the model (Fig.North East 118 222 089 141 0.73 1.28

shows that the observed data fits closely to thaulsited RRD 119 221 087 142 0.70 1.28
data North 114 202 085 141 0.85 1.55
. . . Central
Using the data in the past 30 years, it was shdwah t cgast
SALUS model is a very good model to simulate theouth 086 161 099 162 0.53 0.93
impact of climate change on grain yield (Fig.5). Cemftal
- . . . . Oas
SALUS generates precipitation, da|Iy_ maximum angt_ " 084 157 094 155 0.50 0.85
minimum temperatures, and solar radiation. For ea¢fyhiands
station, we first parameterized SALUS by using ydail South East 081 149 078  1.30 0.63 1.03
precipitation data from 1982-2011 as well as dall _EKOFE)Q " 081 154 078 131 0.62 1.02
ver Delta

maximum (Tmax) and minimum (Tmin) temperature and
solar radiation data. SALUS helps the users togreepnd
analyze weather data for parameterization and ggéoer

Source:[5]

Table Il shows that the average percentage changes
annual rainfall in RRD varies from -(14.2)% to (+10%%6
of IPSL and GISS scenario under climate change0i3p2
and 2050.
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Table 1l Average percentage changes in annuala) Dry weight grain at Thai Binh station:
precipitation by agro-ecological zones The results of comparing dry-weight grain produtctio
Agro-  IPSL- IPSL- GISS- GISS-MONRE- MONRE-  with observed yield for the years 1992-2012 arsqméed
ecg'(‘)’géca' 2030 2050 2030 2050 2030 2050 in Fig.6 which indicates the bianual crop rotatidbisy-
NothWest 165 127 98 194 17 28 welght grain ylglds_ are sh_own to increase in Th_th
North East -165 -11.8 105 135 18 3o Station .fol(rj Tha| Bmh. prgwgce. (I)'urtmtIOf (';hree sce:jrﬁar
RRD 142 92 86 101 21 35 glr?r:gtglghar:nescena”o as sligntly decreasedienn
North  -11.9 7.0 76 100 22 36 ! ge.
Central
Coast Kg/ha
South 78 97 5.2 5.7 1.6 2.8
Central
Coast o

Mekong  -10.5 -6.3 5.2 6.3 0.9 15
River Delta i

Source: [5]
i) Current scenario (30 year period 1982-2011):sThi

was set for rotational simulations with the goal o """ _ Pommmm— _
comparing observed and simulated results. Fig. 6. Dry weight crop at Thai Binh station fror89p-
ii) Scenario A: 2012 (1: current scenarios; 2: Scenario B; 3: Sterg

Scenario A: was set for rotational simulations floe

above 30 year period based on the climate charegmgo  Average rice yield over the past twenty years @82
of MONRE report for: i) temperature: plus, minus 1kg/ha that has decreased to 3010 kg/ha in sceAatiot

degree; i) Rainfall :plus, minus 10%; iii) CO2: G&Hm increased by 624 kg/ha in scenario B under climate
iii) Scenario B: change, and management policy.
Scenario B was set for rotational simulations which P) CO2 emission at Thai Binh station
were executed for the 30 year period, it was sefoup) Fig.7 presents the simulation results of Fh_e SALUS
Temperature: plus, minus 2 degree, ii) Rainfalluspl MOdel in estimating the effect of the conventioti&ge,
minus 14%: iii) CO2: 550ppm minimum tillage and no tillage on carbon loss fréne
According to the Statistic Year Book of VietnamSOil surface as carbon dioxide (CO2) [3]. No tidag
General Statistic Office, there are two differencer Management clearly shows a reduction in carboresoss
rotations due to Vietnam government policy: which is to be expected due to lower soil mineedian

i) from 1982-1992: the rice yield was around 2000@ 2nd higher accumulation of organic matter in thagefy.
kg/ha; The no tillage treatment seques’gered about 11494811@

ii) from 1992-2012: rice yield increased three-falithe Of carbon compared to the minimum and conventional
Vietnam government applied the innovation policy 4 tillage treatment in the_S|muIat_ed period of thestp20
issues. years (1992-2012), and it has slightly decreasetdgy 80

Therefore, the study area was researched during K4 Na-1in scenario A.
years (1982-2011), which was divided into two
aforementioned periods to run data in SALUS Modle ...
results reveal predicted differences in a wide eag
parameters (eg. dry weight grain, CO2, N leaching).
D. Rotational Simulation Results for the Perioc
1992-2012

Meteorological and soil data were collected forheac
province in RRD. The 10 year period (2001-11) wa
chosen for medium emission scenario because rad yi
has been relatively stable during the past 10 yeal e e
Number of replications for simulation climate chanig b -
RRD was 10. The simulation of daily weather datswe = ™
generated the 10-year average. In this experimeip, 7 CO2 emission at Thai Binh station from 1992
simulation was performed under two difference ctena (1: current scenarios; 2: Scenario B; 3: Scenajio A
change scenarios (scenario A and B) in each previnc ' " T
Cimats o agricre in RRD. The estmated rsay | TNl Binh province, CO2 slighty decreased from
gggaik';;svgeomhi’a‘;;i enr]:(o)?oeg:iégrl ;IZaDSfluctuated by yeagcenario Ig There were no significant differer?c@wo

gt . ’ ' types of tillage practices were modeled (till an till).
Thai Binh station (1992-2012) Tillage practices disturb soil structure lead tacfuring

Copyright © 2016 IJRAS, All right reserved
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which increases the movement of CO2 out of the awil
oxygen into it [14]-[9]-[10]. In this study, thedaction of
CO2 emission in the no tillage systems converts ar
increase in carbon storage which builds organicenand
long term productivity.

¢) N leaching at Thai Binh station

-1

Environmental protection is emerging as an impaértanHai Duon
issue in what may be described precision agriceltur Bac Nint
There are many variable ways to manage the landscapiai Phon
that will be opened the new opportunities for theHa Nan
According to Nam Dint

environmental policy and protection.
researches by tillage [2], plant population [12;..ethe
researches show the variable nutrients that casffered
the possible of management small units in a figtdamly
economic gross margins but also environmental polic

Kg/ha

2000

1500

1000

500

0
1990 1995 2000 2008 2010 2015
Date

Year

— 1: Cumulative N leached [kg ha*-1]  — 2: Cumulative N leached (kg ha*-1]  — 3: Cumulative N leached (kg ha*-1]

Fig. 8. N leaching at Thai Binh station from 19922 (1:
current scenarios; 2: Scenario B; 3: Scenario A)
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Table Il Rice yield per unit in Red River Delta®32011

(kg/ha)
Province 2001-2011 Scenario; Scenario |
Hung Yer 5957 6181 548¢
Ninh Binh 6447 492t 5591
Thai Bint 583¢ 522°¢ 528¢
6176 502¢ 549¢
429¢ 435¢ 400¢
617¢ 502¢ 549¢
531¢ 611¢ 588:
558¢ 583: 504
Vinh Phu 429¢ 435¢ 400¢
Ha Noi 429¢ 435¢ 400¢

The area most suitable for rice production in RR®ia
Thai Binh, Nam Dinh, Ha Nam, Bac Ninh and Hung Yen
provinces (Fig. 9).

Rice yield in each province of RRD | Rice yield in each province of RRD

Scenario B

Rice yield in each province of RRD
2001 -2011 N

three scenarios

These provinces have potential agriculture areas of

Results from the research by [13] indicate thapcrogpoyt 76 000 ha (for rice productivity especially).

growth models play a significant role in quantifyithe
climate change impact on yield. This can be lintedhe
environmental policy with producer economics. T fane
the following simulated experiments can be showithas
demonstration on the management areas in the field.
There is relationship between nitrogen applicatiare
and yield, and nitrogen leaching, Fig. 8 shows datiue

N leaching of Thai Binh station above that N leaghi

response to 864 kg ha-1 at Thai Binh station oGeyears
(1992-2012).

Fig. 8 shows that a moderately elevated N leactatey
from scenario A (295.33 kg ha-1) for RRD, but itsweot
significantly different from 1992-2012 (864 kg ha-The

Potential agriculture production varies between ¢hap
seasons in the RRD basin. The maximum rice progtucti
level attained was about 3616 kg/ha in the pasgez0s,
but this decreases slightly in both scenario A scehario
B because of climate change impacts and management
interventions. The rice yield was decreased thrahgee
scenarios because of the increased average teomgerat
and less rain with the reduced average annualfalial®-
20 mm in 30 years (statistic). RRD have soil depith 4
layers (60 cm, 120 cm, 180 cm, the lower limit ofl s
water is 0.17 (it means even it is in dry weatlséH, have
17% of water inside this layer).

Based on the output data from SALUS model, the maps

reasons for differences in N leaching among theegon(rig. 9) reveal that Thai Binh has highest riceldjie

relate to soil characteristics and the differenamblication

RRD in the past 30 years (1982 -2011), but that has

of N that can be applied. Nitrate leaching increa®em  gecreased by almost a factor of two in scenariBd.rice
864 kg ha-1 in the current scenario to 1207 kg ha-1 yie|d in each province among three scenarios of RRD

scenario A (Fig. 8), but it decreases to 223 kgl hma-

Shown below are the results of SALUS model (Table

scenario B because of different management practicg|y gemonstrating the change in rice yield for tea year

lower precipitation, and decreased water levels.

period (2001-2011) and how it differs from otheatiins:

The output of the SALUS model for rice yield, COXRijce yield for 10-year period — Ry10).

emission, and N leached per unit are shown in aeTa

1-Hung Yen station: Ryl0 of experiment=5957 kg/ha
(slightly increased by 4% in scenario A, and desedaby
12% in scenario B.

2-Ninh Binh station: Ry10 of experiment is 6447Hay/
it is decreased by 24% in scenario A, and it isthg
increased by 12% in scenario B.

Copyright © 2016 IJRAS, All right reserved
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3-Thai Binh station: Ry10 is 5838 kg/ha, it is d=sed During this period, observed production of rice, ZZO
by 11% in scenario A, and it is also lightly incsed by and N are relatively stable and there are highigiein the
5% in scenario B. past two decades, the Vietnam government has ehacte
4-Hai Duong station: Ry10 is 6176 kg/ha, it is desed laws, strategies, plans and programs consisteffit thi
by 19% in scenario A, and it is lightly increasgd®% in  principles of sustainable development, includinge th
scenario B. National Target Programme to Respond to Climate
5-Bac Ninh station: station: Ry10 of experimend294 Change (NTP-RCC). The NTP-RCC provided the basis
kg/ha, it is lightly increased by 2% in scenarioafdd it is  for action planning in all sectors and localitiggiu2015
lightly decreased by 8% in scenario B. and supported research and awareness raising, edpsl h
6-Hai Phong station: station: Ryl0 of experiment isoordination.
6176 kg/ha, it is decreased by 19% in scenariond,itis Vietnam could be impacted by climate change on
increased by 9% in scenario B. agricultural productivity from 2 to 15% [23]. Thesults
7-Ha Nam station: station: Ry10 of experiment i4%3 indicated that RRD will be threatened the most lbpate
kg/ha, it is increased by 14% in scenario A, andsit change on rice farming, production [21]. Researgh5h
lightly decreased by 4% in scenario B. showed that rice cultivation was 48% of non-poor
8-Vinh Phuc station: station: Ryl0 of experiment ifiouseholds’ income. Vietnam become the second sigge
4294 kg/ha, it is lightly increased by 2% in scémak, rice exporter since 1980 [8] in which RRD plays an
and it is lightly decreased by 8% in scenario B. important role by contributing 15%.
9-Nam Dinh station: station: Ry10 experiment is 804
kg/ha, it is lightly increased by 5% in scenariotien it is  Table IV Total Paddy Land of each province in RéeceR

-1

lightly decreased by 4% in scenario B. Delta
10-Ha Noi station: station: Ry10 of experiment 294 RRL Unit (ha)
kg/ha, it is lightly increased by 2% in scenarioafid it is Hung Yer 8200(
lightly decreased by 8% in scenario B. Ninh Binh 8100(
Thai Binf 16500(
Hai Duon 12667:
Rice Map of Red River Delta 2010 Bac Nint 7300(
X Hai Phon 7900(
Ha Nan 7000(
ﬁL Nam Dint 15800(
‘ Vinh Phut 5900(
Ha Noi 20400(

Source:Vietnam General Statistic Office 2012

Qéi‘?. Thai Binh has the largest rice cultivation areaRiRD
2 with 165000 ha, and Nam Dinh province ranks second
with 158000 ha (Table IV).

Rice Production of Red River Delta 2010|| Rice Production of Red River Delta Rice Production of Red River Delta
Scenaio A X Scenaio B

Legend
[ Non Rice 0 10 20 40 60 80

- Kilometers

I:’ Rice

Fig. 10. Rice Map in Red River Delta in 2010. Seurc

IMHEN — RIICE project 2010 Fig. 11. Compare Rice Production of each provimeray

three scenarios

According to RIICE project 2010 (Remote Sensing
based Information and Insurance for Crops in Emergi
Economies) by the Institute of Meteorology, Hydmpjof
Environment (IMHEN), Vietham Ministry of Natura : . o
Resources and Environment, RICE map 2010 (Fighas) mpact, but still has the highest production in RRih
been created to identify rice area and non-ricesafer 963270 ton (Table 7), it was decrease_d by 10%enaio
RRD, based on this rice map together with the dstfar A @nd it slightly decreased by 2% in scenario BeR

SALUS model, and paddy land area of RRD, using Gl oduction in Nam Dinh province was increased from
tools, the author set up for production rice, CQ®, 83026 ton to 796952 ton (Vietnam Statistic YeanlBo

leaching for entire RRD from 2001-2011 2011) while rainfall increased 10%, but rice prdthrc
' sharply increased to 921465 ton in scenario B even

Copyright © 2016 IJRAS, All right reserved
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In the current scenario 2001-2011, rice produgtiat
| Thai Binh province increased under climate change
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decreasing precipitation (minus 14%). N leacheaaxth
province also increased, and decrease in somewhieile,
Nam Dinh has the second rank in rice production Nbut

NN —-
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national solutions to the kinds of problems impossd
climate change.
The main aim of this research was to employ the

leached rate doubled from the current scenaricénaio SALUS model to estimate rice yield for RRD under

B (Fig. 11).

V. DiscussiONS ANDCONCLUSIONS

various climate change scenarios and, in so ddiog,
predict its impact on CO2 emissions, N
Dynamic crop simulation by SALUS model can conttéu

leaching.

to the calculation of climate change on rice produacin

A. Discussions: New Point in this Research the RRD. .
Research Innovation: This is the first experimesingr 1€ first task was to apply the physical crop growt
model SALUS (System Approach to Land Use

the SALUS Model [4] to predict rice yield for theRR

region. By executing the simulation under differenpustainability for the experiment (RRD, Viethamhile
predicted climate conditions, it becomes possikte the second task was to use SALUS model for sinunati

consider the impact on rice crop productivity subti

the possible climate scenarios on agriculture pridty

Model output also included impacts on carbon emigsi @nd other aspects of the environment in the RRipnegf
nitrate leaching and irrigation demand for the RRbe  Vi€tham. According to the fifth assessment repbrthe

simulation runs showed increased rice productivitthis
field due to predicted temperature rise.

IPCC 2013, the extreme weather events are likely to
increase significantly in both intensity and freqog

In Vietnam, rice production faces severe challengé§Verely affecting most countries in the world, eesaily
from climate change. It is necessary to understied Vietnam.

relationship between climate change and crop ptamuc
to enable improved food security in the countryingghis
approach it possible to develop a holistic undeditey of
future rice production in the region that integsagecio-
economic and environmental conditions.

The study found that the average annual
productivity is slightly decreased
scenario A, and increased in scenario B. Basictihpugh
adjustments in the practice of agronomy and investrof
rural infrastructure, it is possible to both mitgaand
adapt to the negative consequences of climate ehaBy [1]
improving rural infrastructure and social servigegh as
education and irrigation it is possible to increasep
yield. By improving productivity and integratingirdate
change into long-term strategic planning, the erpent
results have been provided a method to ensurestqmul
for the country and this can be incorporated inturie
policy formulation. Labor and market conditions nego
influence crop productivity in the future. In ordéo
promote productivity and climate change resilienibes
government can plays an important role by targetin%]
ethnic-minority and poor communities and providenth [g)
with more effective instruments to deal with theess of
climate change. Modern technology and crop
diversification should be promoted as appropriatehie (6]
local conditions because the predicted declingigld of
7.5 to 19.1 percent varies widely between differsgro-
ecological areas.

B. Conclusions

In recent years, global climate change presentsiaus
challenge to the socio-economic development of maSé/
countries around the world. Indeed, Vietham may
considered one of the countries that is the mostreby
threatened by climate change. Measures to adapt [¢p
climate change have very important roles to playhie
agricultural sector of developing countries in jwartr. [10]

The study explores the situation for ten provincethe ;4]
RRD region and shows that CO2 emissions, N leaching
and agricultural production varies. Understandihgse
spatial differences is important to develop regioaad

(2]

(3]

(71
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