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Impacts of climate change on water balances in agricultural reservoirs



Facilities for Agricultural Water Supply

(Source: KRCC, 2011)

Managed by Managed by Total
Agricultural KRC Local Govemment
Facilities
Count Area(ha) Count Area(ha) Count Area(ha)
340984

: ) 112327 453311

Reservoirs 3363 (654%) 14206 (393%) 17,569 (56.2%)

: : 166,142 34611 200753
Pumping Stations 4077 319%) 3390 121%) 7467 249%)
. 13669 138742 152411

Weirs 5887 26%) 38401 436%) 44288 189%)
Total 13327 520,795 55997 285,680 69324 806475

*  62% of total water resources are used for agricultural water (2007)

« 80% of agricultural water are used for paddy irrigation during Apr-Sep.

« 80% of irrigation water for paddy areas are supplied from agricultural facilities
« 56% of total irrigated areas are supplied by agricultural reservoirs



Agricultural drought with respect to reservoirs
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« Small agricultural reservoirs are vulnerable to climate change
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First approach which I tried...

IRRIGATION AND DRAINAGE
Irrig. and Drain. (2016)
Published online in Wiley Online Library (wileyonlinelibrary.com) DOIL: 10.1002/ird. 2035

CLIMATE CHANGE IMPACTS ON AGRICULTURAL DROUGHT WITH
CONSIDERATION OF UNCERTAINTY IN CMIP5 SCENARIOS'

JAEPIL CHO'. GWANGDON KO?, KWANGYOUNG KIM? AND CHANSUNG OH**

'Climate Change Research Team, Climate Research Department, APEC Climate Centre, Busan, Republic of Korea
‘Farmland & Irrigation Development Office, Rural Community Development Division, Korea Rural Community Corporation, Naju, Republic of Korea
';Agn'r:u.’rure Engineering Research Group, Rural Research Institute, Korea Rural Community Corporation, Ansan, Republic of Korea
*Future Policy Research Group, Rural Research Institute, Korea Rural Community Corporation, Ansan, Republic of Korea

ABSTRACT

This study was conducted to evaluate the impact of climate change on agricultural drought on 104 agricultural reservoirs in
Korea. The bias corrected data appropriately reproduced the temporal trends of inflow from upstream river basins, irrigation
water demand from paddy areas and reservoir storage level. When eleven climate model data were applied to a representative
reservoir, inflow by individual models had a range of -11.5 to 11.1%, compared to the multi-model ensembles mean value.
Water demand also showed a similar trend to the inflow, had a range of -11.0 to 10.0%, while storage level had a narrow range
of -3.9 to 2.1%. When 104 reservoirs were considered, inflow in the future period (2011 ~ 2040) increased by 7.8 and 9.3% for
the Representative Concentration Pathways (RCP) 4.5 and 8.5 scenarios, respectively, mainly due to the increase in precipita-
tion. Similarly, irrigation water demand increased by 2.3 and 1.6% for RCP4.5 and 8.5, respectively, due to the increase in
temperature. As a result, the water storage level increased by 0.7 and 0.5% for RCP4.5 and 8.5, respectively. However, despite
the increase in average reservoir storage level, the frequency of the number of droughts more severe than 10 year frequency
drought increased. Copyright © 2016 John Wiley & Sons, Ltd.

KEY worDs: RCPs: reservoir: drought; climate change: uncertainty: reproducibility

Received 18 January 2016; Revised 14 February 2016, Accepted 15 February 2016



Uncertainty in Future Projections of Climate Change
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Spatial resolution of multiple GCMs in CMIP5
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Assessment of climate change impact
on 104 agricultural reservoirs based on 5 clusters

ADI projection (No of ADI < ADl,,.,,) (2011~2040)

N b

: : 1
3 g g
k-1 k- k-
# £ F
10 days 10 days A0 days
Cluster 1 Cluster 2 Cluster 3
, | PTADIADL 1546 1450 136.0
% change 62 -12.0
= " Mo of AD1<AC 037 &7 EEETH)
g e 2 10
i 3 % change 138 a9
g é Mo of ADI=AD 1223 414 1398
= 3 10
£ ; % change 1581 13.8
; . MNoofADI<ADI_ 1223 1350 1364
% change 04 115
No of ADI<ADI_ B4 a7 Bad
% change 5.3 49

Clus’g; 5
Cluster 4 -12.0% ~ 13.8%



Impacts on 3372 agricultural
reservoirs managed by KRC

Upstream
watershed
(Inflow)

Reservoir
(storage)

Irrigation
Area
(Demand)




Downscaling using monthly CMIP5 was added

14 GCMs

6 variables: Precipitation, Temperature (Min. & Max.), Relative
humidity, Wind speed, Solar radiation

Historical RCP45 RCP8.5

Monthly Daily Monthly Daily Monthly Daily
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User interface developed for tons of simulations
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« Hydrological Operation Model for Water Resources System (HOMWRS)
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30-year average inflow
(mm/10-day)
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Considering weight factors for MME calculation
based on the reproducibility test

Comparing observation- and model(GCM)-based 10-day inflow,
demand, and storage for historical period

Mean and variation were considered using RMSE and coefficient
variation (CV), respectively

30 year average for historical period (1976~2005) 7 | cv

difference
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Standardized RMSE of CV
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 Inflow from upstream watershed

— Standardization using mean and coefficient of variation
— Inverse distance weighting factor for MME estimation

X
i ] } o %+
L 2 [ - pe
Inverse distance
0 012 014 016 0‘.8

Standardized RMSE of Mean

¢ QD-bcc-csm1-1

= QD-CanESM2

A QD-GFDL-ESM2G

< QD-GFDL-ESM2M

- QD-HadGEM2-CC

® QD-inmcm4

+ QD-IPSL-CM5A-LR

A QD-MIROC-ESM

+ QD-MIROC-ESM-CHEM

¢ QM-bcc-csm1-1

= QM-BNU-ESM

A QM-IPSL-CM5A-MR

¥ QM-IPSL-CM5B-LR
QM-MIROCS
QM-MIROC-ESM
QM-MIROC-ESM-CHEM

L QM-MRI-CGCM3
QM-IPSL-CM5A-LR

Weight Factor

0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

Weighting factor based on reproducibility

QD-bcc-csm1-1

QD-CanESM2
QD-GFDL-ESM2G
QD-GFDL-ESM2M

QD-HadGEM2-CC

QD-inmecm4
QD-IPSL-CM5A-LR

QD-MIROC-ESM
QD-MIROC-ESM-CHEM

QM-bcec-csm1-1

QM-BNU-ESM
QM-IPSL-CM5A-MR

QM-IPSL-CM5B-LR

QM-MIROC5S
QM-MIRQOC-ESM

QM-MIROC-ESM-CHEM

QM-MRI-CGCM3
QM-IPSL-CM5A-LR




Weighting factor based on reproducibility
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* Irrigation Water Demands
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Standardized RMSE of CV
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Impact assessment on 10-day inflow (Goksung)
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1 3o
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Impact assessment on 10-day demand (Goksung)
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Impact assessment on 10-day storage (Goksung)

APEC CLIMATE CENTER
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Observed Storage (1000 m®) | 302883| 9110 9194 9278|9302 9339 9392[9448 9494 9519|9528 9481 9541|9561 8818 6088|5545 5942 6913|7782 8177 8176|7559 7551 7925|8041 7634 7485|7869 8094 8241|8456 8650 87898929 8999 9034'
Storage (1000 m®) | 292767| 8760 8791 8816|8834 8862 89018935 8968 8998|9032 9002 9047|9076 8295 5965|5750 6284 6778|7471 7865 7680|7317 7199 7543|7643 7347 7535|7926 8120 8272|8459 8552 8627|8684 8710 8722.

r

Historical
1STOr@ o Difference 33 |4 4 5|5 5 5|5 6 5|5 5 5|5 6 2|4 6 -2|-4 4 6|3 5 5|5 4 1|1 o oo a1 2|3 3 3
Repas Storage (1000 m?) | 202455| 8728 8753 87748792 8830 8880(8927 8959 8991|9023 9000 9078|9093 8351 5890(5983 6506 6751|7331 7600 7449|7185 7197 7612|7625 7348 7655|8017 8177 8306|8450 8536 8605|8664 8687 8701 .
. b
% Change ©01|0 o o|J]o o o|]o o o]o o o0 1 1|4 4 0]-2 3 3|2 0 1|0 0o 2|1 1 oo 0o of|o 0o o
Rcpg.5 Storage (1000 m) | 291719] 8686 8713 8744|8762 8789 8828[ 8878 8922 8960|9011 9003 9054|9090 8372 5918|6021 6575 68467342 7744 7431|7010 7085 7614|7628 7258 7570|7969 8129 8270|8435 8517 8581|8633 8660 8672 .
% Change 04| -1 a1 1|1 a a|la a o]o o oo 1 a5 5 1]-2 2 3|4 2 1]0o a1 o1 o of]o 0o afa a 4
Observed vs Historical Historical vs RCP4.5 Historicl vs RCP8.5
= ©= Historical-MME -+ Historical-Min - Historical-Max —#— Observed ~~-o.~~ :‘CS;Z?E,\;,\’\AAQAE - :wcsézr:a’\;mMm :"g;zf:i;—::ax “O.“ :wcsrt’gr;m’\:”:\/lllévm _ :wcsr:gr;ta’\llmMm - :wcsrt’gr;ta’\lﬂaanx
12000 10000 10000
9000 - 9000
__ 10000 3000 5000
E E 7000 E 7000
8000
§ § 6000 § 6000
2 6000 2 5000 2 5000
% % 4000 - $ 4000 -
5 4000 1 S 3000 o 5 3000 -
& & i
2000 | 2000 - “ 2000
1000 1000 |
0 0 0 damHE N AN NN NN AN M N M NN NN NN SN Nm
NIy PEYEY AN AINNIYIANREE8E22E83 NN gYgIYLS YNNI YN REE 8IS deagorgygyYRgggaaaa 2Y2ANABEBEE2EE3
10-Days 10-Days 10-Days
. -
Historicl vs RCP8.5
++«0++ Historical- MME ++=+eeeo+ Historical-Min ++eeeeeee Historical-Max
—&— RCP8.5-MME =~ ----- RCP8.5-Min ~  ----- RCP8.5-Max
A
= ys) total 10000
9000 -
Observed Storage (1000 m?) | 302883
8000
—
. ., Storage (1000 m3) | 292767 = i
Historical o - = 1
% Difference -3.3 S 6000
o
-
RCPA.S Storage (1000 m3) | 292455 = 5000 1
. r
o w0 4000 -+
% Change -0.1 ©
S 3000 -
Storage (1000 m3) | 291719 &
RCP8.5 o 2000 -
% Change -0.4 1000 -
AN AN AN A NN AN A NN AN MM AN AN AN NN A NmM
SRS kRESSSaEaAasSSEIT T T T gadvwunvwgogooZzZzZZzLoaon

10-Days



Spatial distribution of climate change impact on
agricultural reservoir

APEC CLIMATE CENTER

Inflow Demand
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APEC CLIMATE CENTER

» 6-month forecasting of
inflow, demands,
storage level as drought
management measures

Seasonal Forecast
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National CMIP5 Data (ADSS)

[ Download CMIPS data I\
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Extracting point values
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Bias correction

Tools and Software (rSan)

Impact & Vulnerability
Assessment

Exposure Sensitivity

Potential Adaptive
impact capacity

Vulnerability

Adaptation & Mitigation
models

Climate Indices

Evapotranspiration

» Drought (EDI)
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» Vulnerability assessment
considering socio-economic
factors

Adaptation &
Mitigation models
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Provider-centered

Application #1

Application #2

Application #3

Application #4

]
.
.

Application #U

Provide Climate Data Only

Downscaling #1

What is your

favorite
GCMs and
downscaling
methods?

using AIMS

2018 APEC Climate Center Training Program

User-oriented Statistical Downscaling of Climate Change
Scenario for Agriculture and Water Resources

Coffee Types

GCM #2 %‘y \\‘i

“"“5 Downscaling #2 4".
3

—— S
/i\\

Application #U

Provide Climate Data, Tools, Guideline User’s Knowledge (local, process)



APEC CLIMATE CENTER

Sessions

Lectures

Practical Sessions

Presentation

Financial Support

Topics and financial support

Contents

Understanding climate information (seasonal prediction and climate change
scenario) and introduction to climate information produced by APCC

Downscaling of climate change scenarios

- User interface and steps to using climate change scenario data
- Introduction to downscaling methods

- Case studies on using climate change scenario data

Introduction to APCC seasonal prediction and downscaling

Producing downscaled climate change scenario data for each nation and user-
oriented analysis of climate characteristics

Assessment of climate change impact on drought using EDI

Participant's presentation based on the results of the lecture and the practical
session

« Airfare, accommodation and per-diem will be supported by APCC



Expected output from the training workshop

> Downscaled climate change projections on their own observation
stations (29 GCMs, 2 downscaling methods)

» Impacts on drought characteristics (intensity, duration, frequency) on
their own countries as below

> Research papers (if participants want)
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2018 APEC Climate Center Downscaling Training
Program

Period: Monday 15th — Saturday 20th October 2018
Location: APEC Climate Center, Busan, Korea

Topic: User-oriented Statistical Downscaling of Climate Change
Scenario for Agriculture and Water Resources

Target Applicants: Scientists and working level staff from
national research institutes in agriculture and/or water-related
fields in developing countries, preferably APEC economies

Closing Date: Friday 31st August 2018 by 23:59 (Korea
Standard Time)

Application Form & Detailed Information:
http://apcc21.org/notice/apccnewsView.do?lang=en&bbsld=BB
SMSTR 000000000016&nttld=5664

Contact Information: daeinkang@apcc21.org
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Agricultural drought index based on storage level

« Storage > Agricultural Drought Index (ADI)
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