Rice Paddy Ecosystem
services for Climate Change

using land use and climate change scenarios

. NG S :
Sooleon;gye ng, S‘”"'Fr - :T:—, ———

(SEp— T o e
- R s < e \ '
r"‘/ - '/’ /. 2 ) \ A
e - o : { \ BT .
E . £ ¥ \ USORRRrL \
\ e \
e A \ % i A
i } v . -
| \
\

o Korea | Environment Instltute (KEI) :}\ | \ \

é World Water Congress

International Water Resources Association (IWRA)



Content 1. Introduction
ll. Methods
lll. Results

\VV.conclusion



l. Introduction




|l. Introduction

Ecosystem Services

* Services provided by paddy fields + Heritage

* Knowledge system

* Social relations

* Recreation and tourism

e Science and education
Inspiration and aesthetic values

*  Provisioning of habitat
*  Water cycling

2 *  Nutrient cycling
+  Soil formation \

*  Biomass production

supporting

regulating

@ provisioning
Climate regulation

* Raw materials / «  Pollutant purification

*  Biochemical and genetic resources « Carbon storage

*  Fresh water *  Natural disaster butter

«  Temperature control

«  Prevention of erosion and soil loss

* Food product

r
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|l. Introduction

Land Cover Changes

* Land cover changes by time %
Urban Agriculture  Forest Grass  Wetland Baresoil Water
“,a.é 1980s 2.09 23.58 66.34 3.75 0.86 1.29 2.08
1990s 3.42 21.62 66.25 4.32 0.49 1.68 2.21
2000S 6.29 19.34 63.51 7.16 0.33 1.21 2.15
] . KEI(2019)

* Land transformation from agricultural land cover (1989-2009)
km? (%)

N Urban Agriculture  Forest Grass Wetland Baresoil ~Water Changes

agriculture 21752 25:664 3,358 537 303 605 568 -8,124

z (11.6) (65.8) (14.1) (2.3) (1.3) (2.5) (2.4) (34.2)

23,788 4 KEI(2016)
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ES and Models

* Selected ecosystem services

« Soil carbon storage

 Fresh water provision

* Integrated Valuation of Ecosystem Services and Trade-
offs (INVEST)

« Carbon Storage model

 Annual Water Yield model

INVEST: The Natural Capital Project, Stanford University et al. 2018. https://naturalcapitalproject.stanford.edu/
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= 11. Method

Soil Carbon Storage

* Fixes carbon dioxide in the atmosphere and converts it
to biomass of rice, and stores carbon as biomass in soil
and above-ground parts including roots

*  Cixym : agiven cell(x,y) with a land cover

* D, : carbon stored above ground

* Dy : carbon stored below ground)

* D, : carbon stored as soil organic carbon)

* D, : carbon stored as dead organic matter carbon Source: Kumar et al. 2018
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Il. Method

Spatial Data

Biophysical Data

Spatial Data

Soil Carbon Storage

Raw Data

EGIS Land cover map

Input Data

IPCC GPG-LULUCF**

\ %

Land Use Land Cover

Run the

model

literature

\\2

Carbon storage above
Carbon storage below
Carbon storage soil
Carbon storage dead

Current year carbon
storage (Mg)/cell

Vv

Satellite data
Farmmap

Current year

Current year carbon
storage (Mq)

\ 4

paddy land cover
boundary

Current year carbon
storage of paddy
(Mg)/cell

EGIS: Ministry of environment Korea, Environmental Geographic Information Service. 2018. egis.me.go.kr
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** Good Practicelﬁ

uidance for Land Use, Land-Use Change and Forestry (IPCC, 2006)
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Il. Method

Annual Water Yield

« Annual water yield by excluding evapotranspiration and soil
absorption from precipitation

« The amount of water are available depending on the amount of
precipitation in the target area and hydro-sluice conditions, etc.

.« Y(x) = (1 _ Al’ffg)) x P(x)

* Y(x): water yield of each cell
« AET(x) : annual actual evapotranspiration
* P(x): annual precipitation

Evapotranspiration

Rainfall

e
V724

Ponding
My depth -

Irrigation

Surface
drainage
Wi

Deep percolation

song et al.(2016)
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Annual Water Yield

Raw Data

Input Data

Run the
model

Mean precipitation /

Eor=a Brrairanment |naffube

WorldClim ver2.0 > Precipitation > pixel
© Global PET database + u Reference
2 MODIS NTSG “| evapotranspiration \%
o - Mean potential
© Effective depth of soil map - Root restricting layer .
=] (NAS) > depth evapotranspiration /
=3 pixel / watershed
Soil characteristic .. Plant available water
map(NAS), USDA SPAW i content \#
WAMIS basin map > Watershed Mean actual
evapotranspiration /
EGIS Land cover map > Land Use Land Cover pixel / watershed
B
a default
— IHIEST Il - Vegetation Budyko curve
S song 2015 “] Root depth / Kc
0 Redhead et al. 2016 N/
>
5 Annual water yield
o Sharp et al. 2014 o
) S(F))ng 2015 > Z parameter — ey volume (m?) / watershed
\%
Satellite data < paddy land cover Annual water yield
Farmmap_ - boundary volume of paddy (m?)
r
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Imperial Data

Projected Data

Il. Method

Temporal Comparison

Input Data

Annual WaterYield
Model

Past WaterYield

Past Carbon Storage

WorldClim ver2.0 > Precipitation
Global PET database + - Reference
MODIS NTSG evapotranspiration
- Current
EGIS Land cover map Land Use Land Cover
Other input data
IC200 RCP45 HadGEM3RA > Precipitation
IC200 RCP45 WTRS > REFEmEnEe
evapotranspiration
* Past:1980-1999 (20 years)
* Current: 2000-2020 (20 years)

International Water Resources Association (IWRA]
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Soil Carbon Storage
Model

Current WaterYield

Current Carbon Storage
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I1l. Results

Study Area

* Jeonbuk province, South Korea

- 15.3% of paddy field in Korea

- 16.2% of rice production in Korea

source: statistics Korea (2012)

Area of interest
[ IPaddy field
[""1Area boundary
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I1l. Results

Rice paddies contribution

Jeonbuk rice paddies’

Soil Carbon Storage

EHUYRY
&

uy

CarbonStorage(Mg)
10 .
£70.984694
[ 2.95408

5 I 3.93878

B 47.2653
[ Jeonbuk

_ Past | Cumemt

3,036,702ton C / yr 2,733,031ton C / yr
100.96ton C / ha / yr 90.25ton C / ha / yr

o
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1. Results Rice paddies contribution

Jeonbuk rice paddies’

Annual Water Yield

i

EMUYRY
&
ay

WaterYield(m3) ) WaterYield(m3)
per m3 per year { ( i per m3 per year
1551.97 J - 1 1551.97
[ 1633.87 Yy D W o SRl g 7 1633.87
. 170378 } W02 % s v A J Lo . 1703.78
I 1781.68 - y s LR g o X B 1781.68
N 1863.58 4 b N 3 & Yoy M 1863.58

6,626,775 m3 6,200,436m3
1,349.7m3/ ha / yr 1,282.2 m3/ ha / yr
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d |I1l. Results

Soil Carbon Storage

* Rice paddies can capture greenhouse gases such as CO2 and can be a
potential natural carbon storage.

* CH4 and N20 emission from rice paddies can be reduced through
sustainable management scheme

Annual Water Yield

* Water yield in rice paddies decreases mainly due to land cover change

* Climate change may have negative impact on water yield in rice
paddies

* Rice paddy conservation is necessary for the sustainable water yield

o
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Conclusion

» Paddy fields not only produce rice but also provide various ecosystem
services, and these ecosystem services can contribute to climate change
mitigation and adaptation.

* The rice paddy ecosystem in the whole of Korea and in the Jeonbuk
region, the target of the pilot analysis, is continuously decreasing.

» Asaresult of the analysis of ecosystem services for ‘carbon storage’ and
‘Annual water yield’ are decreasing.

" |tis necessary to preserve the rice fields rather than develop them in
consideration of not only future food security but also the various
ecosystem services provided by rice fields.
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