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Introduction
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Uncertainty in Future Projections of Climate Change

<+ How reliable are projections of future climate change scenarios?

Scenarios Inflow % Change

Historical 988.5
RCP8.5: GFDL-ESM2G 1198.0
RCP8.5: inmcm4 953.7 -3.5
How decisions can be utilized when

opposite signals are projected in the
same watershed?

¢
Even though MME-based projection Unce_!gt:a_!n:-\//

shows same projection, what kind of

additional information should be Of fu-tu 7o) p - ’eetion:
— L -'\_..L..._ — I U] LI/

provided for decision-making?

Scenarios Inflow (mm) % change

Historical 988.5
RCP8.5 1078.1 (9.1)

Even though we have same
future projection ..
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Framework of APCC Water Sector (2012)
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Downscaling of CMIP5
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The Uncertainty of Extreme Rainfall in the Near Future and its Frequency
Analysis over the Korean Peninsula using CMIP5 GCMs

M8/ =N -
Yoon, Sun-kwon / Cho, Jaepil

Abstract

This study performed prediction of extreme rainfall uncertainty and its frequency analysis based on
climate change scenarios by Coupled Model Intercomparison Project Phase 5 (CMIP5) for the selected nine
General Circulation Models (GCMs) in the near future (2011-2040) over the Korean Peninsula (KP). We
analysed uncertainty of scenarios by multiple model ensemble (MME) technique using non-parametric
quantile mapping method and bias correction method in the basin scale of the KP. During the near future,
the extreme rainfall shows a significant gradually increasing tendency with the annual variability and
uncertainty of extreme ainfall in the RCP4.5, and RCP8.5 scenarios. In addition to the probability rainfall
frequency (such as 50 and 100-year return periods) has increased by 4.2% to 10.9% during the near future
in 2040. Therefore, in the longer-term water resources master plan, based on the various climate change
scenarios (such as CMIP5 GCMs) and its uncertainty can be considered for utilizing of the support tool
for decision-makers in water-related disasters management.

Keywords : CMIP5, GCMs, extreme rainfall, uncertainty, frequency analysis



Available Models in CMIP5 Data Portal
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« http://cmip-pcmdi.linl.gov/cmip5/availability.html
— 28 Modeling Centers and 61 Models

=
°@|§B http://cmip-pcmdilinl.gov/cmip ailability. © ~ ¢ ” @ CMIPS - Data Access - Av... ‘ | ﬂﬁ ﬂ? {‘:’}
Availability Important information concerning some models and simulations can be found by clicking on the "Modeling Center" name. ~
Data Portal
FAQs Modeling Center Model Institution terms of use
BCC-CSM1.1 . . . . .
For Data Providers BCC BCC-CSM1.1(m) Beijing Climate Center, China Meteorological Administration unrestricted
More Info ) CanAM4
. CMIP5S Status CCCma CanCh4 Canadian Centre for Climate Modelling and Analysis unrestricted
CMIP5 Errata CanESM2
. = CMCC-CESM
. CMIP5 Publications CMCC CMCC-CM Centro Euro-Mediterraneo per | Cambiamenti Climatici unrestricted
Obs4MIPs Wiki CMCC-CMS
m CNRM.CERFACS | CNRM.CMS Centre National de Recherches Meteorologiques / Centre Europeen de unrestricled
= Recherche et Formation Avancees en Calcul Scientifique
CNRM-CERFACS || CNRM-CM5-2 Centre National de Recherches Metecrologiques / Centre Europeen de unrestricted
—_ Recherche et Formation Avancees en Calcul Scientifique
Center for Ocean-Land-Atmosphere Studies and National Genters for .
COLA and NCEP CFSv2-2011 Environmental Prediction unrestricted
ACCESS1.0 CSIRO (Commonwealth Scientific and Industrial Research Organisation, .
CSIRO-BOM ACCESS1.3 |Australia), and BOM (Bureau of Meteorology, Australia) unrestriced
Commonwealth Scientific and Industrial Research Organisation in .
GSIRO-QCCCE CSIRO-MK3.6.0 collaboration with the Queensland Climate Change Centre of Excellence unrestricted
EC-EARTH EC-EARTH EC-EARTH consortium unrestricted
FIO FIO-ESM The First Institute of Oceanography, SOA, China unrestricted
GCESS BNU-ESM C_olleg_e of Global Change and Earth System Science, Beijing Normal unrestricted
- University
INM INM-Ch4 Institute for Numerical Mathematics unrestricted
IPSL-CM5A-LR
IPSL IPSL-CM5A-MR Institut Pierre-Simon Laplace unrestricted
IPSL-CM5B-LR
LASG, Institute of Atmospheric Physics, Chinese Academy of Sciences; .
LASG-CESS FGOALS-g2 and CESS, Tsinghua University unrestricted
LASG-IAP FGOALSgl LASG, Institute of Atmospheric Physics, Chinese Academy of Sciences unrestricted
FGOALS-s2 ! !
MIROC4h Atmosphere and Ocean Research Institute (The University of Tokyo), non-
MIROG MIROGCS National Institute for Environmental Studies, and Japan Agency for Marine- [commercial
Earth Science and Technology only
MIROC-ESM Japan Agency for Marine-Earth Science and Technology, Atmosphere and || non-
MIROC g (Ocean Research Institute (The University of Tokyo), and National Institute  [commercial
MIROC-ESM-CHEM .
for Environmental Studies only
HadCM3
MPH(;. (adf:htiﬂrﬂ_\ :Zggl‘g:’lg-.ﬂ M‘?tpmc‘?.Ha.dle}'. C.er[tlre (addlin?nil Had_GEM._Z-ES _re_al‘|zati0ns unrestricted w7
<
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Selected GCMs and variables

14 GCMs

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

Historical RCP4.5 RCP8.5
Monthly Daily Monthly Daily Monthly Daily

Models

BNU-ESM
IPSL-CM5A-MR
IPSL-CM5B-LR
MIROCS
MRI-CGCM3
bce-csml-1
MIROC-ESM-CHEM
MIROC-ESM
IPSL-CM5A-LR
CanESM2
GFDL-ESM2G
GFDL-ESM2M
HadGEM2-CC
iInmcm4
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KMA-12.5km
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Spatial resolution of GCMs in CMIP5

RCP8.5 Scenario
« KMA RCM
« 10 GCMs

Climate Data
/- Precipitation \
= Min. temperature
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= Wind speed
= Relative humidity
= Solar radiation

. /




Temporal comparison of monthly mean values

« Jeonju (1976~2005, Before Bias-Correction)
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rcmip5 downscaling package

Download CMIP5 data
(Daily & Monthly) p

CMIP5 DB
(Global, NO)

Clipping on your area
B _
CMIP5 DB
(Korea, NC)

Extracting point values

-
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(Station, ASCII)
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Observed weather # Bias correction — Climate Scenarios
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Downscaling of Daily CMIP5 Data

Non-parametric Quantile Mapping methods
Historical (1976~2005) Future (2011~2040)
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Downscaling of Monthly CMIP5 Data

Historical (1976~2005) Future (2011~2040)
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Temporal downscaling (Monthly to daily)
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GCM'’s Korea avg. Ovserved Korea avg.
yearmon prec t2m yearmon prec tZm
Jan-83 Jan—-81 « HH73 =53+ date prep tmax tmin  wspd rhum rsds |1D1|35
1981 date prep tmax tmin wspd rhum rsds | D136
Feb-83 1789 2631 1981) 1981 date prep tmax tmin wspd rhum rsds
Mar-83 1428 7.052 1981] 1987 1981-01-01 0.3 14 -28 381 0.62 251D137
1981 1981 1981-01-02 0 -17 -79 943 047 5
Apr-83 3.586 12139 1981] 1981 1981-01-03 0 32 97 9.61 0.39 54
Mav-83 2701 . . 7.619 17.243 1981] 1981 1981-01-04 0 -15 97 505 0.34 7.1
| y_gg 357 Mahalanobis distance 3681 1332 1981/ 1981 1981-01-05 0 27 92 761 0.26 54
un - : . 1981 1981 1981-01-06 0 08 -88 707 0.27 81
Jul-83 8.453 = f(prec, th) 7.041 23.314 1981] 1981 1981-01-07 0 36 -44 6.43 0.26 7.1
1981 1981 1981-01-08 0 64 -3 435 036 8
Aug-83 9.373 L4419 Aug-/3 6.509 24,722 1981 1987 1981-01-09 0 7 28 7.92 046 83
S5ep-83 7.755 20,920 Sep-73 7.145 20.680 1981] 1981 1981-01-10 0 0 -7 6.35 041 6.2
1981] 1981 1981-01-11 0 0 -8.8 7.96 0.44 7.8
Oct-83 2115 14.774 Oct-73 2.092 14.745 1981 1981 1981-01-12 0 0.8 -5.5 6.59 035 54
Mov-83 2419 6.643 Mov-73 2375 71332 1981 1981 1981-01-13 0 -14 -84 518 0.39 6.3
1981 1981 1981-01-14 0 06  -104 31 045 8.9
Dec-83 0.221 1.669 Dec-73 0.151 1442 1981] 1981 1981-01-15 159 -17 -6 27 0.81 2.8
Jan-84 0.189 -1.225 - 0.076 -1.409 1081] 1981 1981-01-16 01 03 -62 265 071 57
) 1981] 1981 1981-01-17 0 26 -6.9 303 051 85
Feb-84 0.017 0.270 ' 0.123 -0.368 1981| 1981 1981-01-18 0 3.2 -45 452 048 7.1
Mar-84 0.912 3.338 Jan-11 0.997 -1.826 1981] 1981 1981-01-19 0 0.9 -64 288 0.64 6.8
1981 1981 1981-01-20 0 24 54 458 0.39 7.4
Feb-11 2313 1354 1981/ 1981 1981-01-21 0 0.3 -64 436 0.44 6.2
Mar-11 2.659 5.750 1981| 1981 1981-01-22 0 -0.2 -91 243 0.5 8.5
1981] 1981 1981-01-23 0 2.8 -6.7 152 0.58 9
Apr-11 0904 12704 1981 1981 1981-01-24 0 31 15 316 072 34
May-11 4124 17.254 1981 1981 1981-01-25 0 24 -4.6 382 062 6.9
1981 1981 1981-01-26 0 -0.2 -79 3.02 047 7.9
Jun-11 6.530 20.626 1981] 1981 1981-01-27 0 0.6 -6.1 312 041 6.6
Jul-11 10191 25.146 1981| 1981 1981-01-28 0 31 -6.5 271 046 9.4
1981/ 1981 1981-01-29 0 42 -41 3.8 0.48 8.6
Aug-11 4.078 27.135 | 1981 1981-01-30 0 56 -6.3 269 05 10
sep-11 6.269 20.657 1981-01-31 0 32 -58 1.93 053 9.3
Oct-11 3736 14.392
Mov-11 0,783 8.224
Dec-11 0972 1.381




Uncertainties of weather variables after bias
correction
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« RCP8.5 (2011~2040, Jeonju)
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Precipitation index

« Wet season(Jun~Sep) precipitation

« Max. daily precipitation Flood
« Number of days daily precipitation > 80mm
. Dry .season(Oct~May) preC|p|ta.t|on } Drought
« Maximum number of consecutive dry days
Reproducibility Uncertainty & % Change
Obs Historical RCP4.5 RCP2.5
2000 - I 1 . + : N )
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4-River Basins

Han-River Basin
(15 stations)

Nakdong-River Basin
(21 stations)

Geum-River Basin
(13 stations)

Sumjin/Yeongsan-River Basin
(10 stations)




Han-Rhear Makdong-River GaumRivar Jmjin & Yeongsan-R Koraa
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Han-Rivar Nakdang-River Gaum-Rivar amjin & Yeongsan-Riv

T AWW-S Bd DY
THTYRNDSLIHND
TENDDDTHWD
TWIHDWESI-D0HIWAN D
TWEI-00dNHAD

T EO0HNAND

T HT-ERNOSLIHND

T HWAYESN DS dIHND
G EE R R el

T bolwEa-0agq4nin
TWIHIWSEI-D0HIW-00D
TWEI-D0dIW-a0D

T HTWRNOSd-A0

T Auawu-0 o

T OD-ANIDPEH-OD
TWaNE3049-00

T DaANE3049-00
Cans3aued-qo

T bopusaaaq-0o

tation (mm)

T ANW-Sd DY
TENDDDTEWAN D
TWHIWET-D0HIWAND
TMSI-D0HAAND

T S00dIAND

T HT-ESNOEdIHND

T HWA SIS dHND
TSI NNEWD

T b LUE0ag4N D
TWIHIWEI-D0WIW-00
TWEI-00dW-a0D
TSNS d-0D

T uowu-go

T O0-ANIDPEH-OD
“WanNs3049-ao

T 0gAE3n049-ao

T ans3aued-do

imum precipi

T IWW-LSIH
THTWRNDSHHND
TENDDDTEWAN D
TWIHIWSI-00HIWAND
TSI D0HAAND

T EI0HIND
THT-ARDSHHND

T HW AN DS dIHND
G EE R R [v)

T L LAEN0204N D
TWIHIWEI-D0HIW-0D
TWEI-D0HW-a0D
THTVERNOSd-a0

T uowa-go

T O00-GNIDREH-OD
TWaNs3aa49-do

T DaNE304900

T anNs3aued-qo
e ]

Historical

Daily max

bs

~pemesqQ

ol

z2o0- "

1
[=]
=]
(3]

400 -
200-
100 -
500 -

APEC CLIMATE CENTER

APCC




Han-Rivar Nakdang-River Gaum-Rivar amjin & Yeongsan-Riv Karaa
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Impacts on Agricultural
Water Resource (Reservoir)

IRRIGATION AND DEAINAGE
Irrig. and Drain. (2016)
Published online in Wiley Online Library (wileyonlinelibrary.com) DOI: 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, Kovea Rural Community Corporation, Naju, Republic of Korea
*dgriculture 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 woRrDs: RCPs: reservoir: drought; climate change; uncertainty: reproducibility
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Facilities for Agricultural Water Supply

(Source: KRCC, 2011)

Managed by Managed by Total
Agricultural KRC Local Govermment
Fadilities

Count Area(ha) Count Area(ha) Count Area(ha)

: 340984 112327 453311
Reservoirs 3363 654%) 14206 (393%) 17,569 (56.2%)

. ) 166142 34611 200753
Pumping Stations 4077 319%) 3390 121%) 7467 249%)
. 13669 138742 152411

e et 26%) =l (486%) il (189%)
Total 13327 520,795 55997 285680 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

[

2012 Gui

2012 Younggok

Source: http://blog.daum.net/sangkunlee/969
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Selected Agricultural Reservoirs

< 3372 reservoirs managed by Korea Rural Community Corporation (KRC)
were selected

Upstream
watershed
(Inflow)

Reservoir
(storage)

Irrigation
Area
(Demand)




Reproducibility for historical period

How well dose a climate change scenario reproduce the spatial and
temporal pattern during the historical period?

Scenarios Inflow (mm) % change
Historical 988.5
RCP8.5 1078.1 (9.1)

Even though we have same
future projection....

* What should be premised in order
to have significant meanings within
the future climate change
projections?

« Does scenario-based data reproduce
the characteristics of rainfall
(extreme, spatial/temporal patterns)
during the historical period,
compared to the observations ?




Considering factors for reproducibility test

« Comparing observed and modeled (GCM) 10—d?jy
inflow, demand, and storage for historical perio

. RI\/IgE In mean and coefficient variation (CV) are
use

30 years of historical data (1976~2005) 1 -

200

cVv
difference

100

—e—Observed
—0—QD-bcc-csmi-1

150

100

N W R Uy N 0 W
O O 0O O O o o o

Mean
difference

50

30-year average inflow
(mm/10-day)

1 3 5 7 91113151719212325272931\ : i
10'day *+ T T

0OBS.0BS QMD.bcc.csm1.1




Weighting factor based on reproducibility
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 Inflow from upstream watershed

— S(t:andardization using mean and coefficient of variation
(CV)

— Inverse distance weighting factor for MME estimation
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Standardized RMSE of CV
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Weighting factor based on reproducibility
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Standardized RMSE of CV
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Impact assessment on 10-day inflow (Goksung)

APEC CLIMATE CENTER

1 S
2(10-Days) total  J1 J2 J3 F1L F2 F3 (ML M2 M3 Al A2 A3 ML M2 M3 J1 J2 J3 J1 J2 J3 Al A2 A3 S1 S2 53 Ol O2 O3 N1 N2 N3 DI D2 D3
Observed Inflow (1000 m*) | 79613| 380 458 501 | 321 660 860 [§778 999 1074|1381 1691 1667|2029 1803 1203 2587 2861 6065|5062 7404 4554|5126 6097 7152|4418 3664 2020|1227 972 828 | 881 801 728 | 659 350 342
Biiccoricay flow (1000m*) | 77983[ 323 385 379 | 326 456 523 [J655 717 767 | 1378 1753 1670|1834 1813 1513|2521 3302 5251|5447 6651 5413|5152 574 8001|4453 3116 2006 1159 840 1051[ 807 701 668 | 447 290 300
% Difference [20 |15 16 24| 2 31 -30fl16 -28 29| 0o 4 o[-0 1 26| -3 15 -13| 8 -0 19| 1 -4 12|11 -5 1| -6 -14 27| -8 -13 -8 [-32 -19 12
RCPA.5 Inflow (1000 mij 83104| 301 360 415 | 326 518 602 @712 681 941 | 1579 1889 1717|2082 1845 1446 | 3274 3385 4643|5471 6758 5338|5904 6659 8795|4461 4096 2407|1233 847 1100 756 714 694 | 521 296 335
"> 9% Change [66 | 7 7 10|0o 14 159 5 25|15 8 3|14 2 4|3 3 -12/0 2 2|14 13 10/0 31 20|66 1 5|6 2 4|17 2 1u
acpg.s INflow (1000 m’) | 82835 296 460 453 | 352 496 525 [724 667 596 | 1623 1900 1869(2027 1891 1523|3282 3566 4632|6086 6678 4555|5361 6341 &741|4614 3716 2409|1260 886 1057 805 726 684 | 474 300 3lL
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Impact assessment on 10-day demand (Goksung)

£ (10-Days) total  J1  J2 J3 F1 F2 F3 M1 M2 M3 Al A2 A3 M1 M2 M3 J1 J2 J3 )1 J2 J3 Al A2 A3 S1 S2 S3 O1L 02 O3 N1 N2 N3 D1 D2 D3
Observed Demand (1000 m*) [ 23375/ 0 0 0 | 0 ©0 0] 0 0 0 | 0 280 76 | 184 2251 3746|1625 1666 1256|1168 738 2156|1993 1831 1374|1430 1604 0 | 0 o0 ©0 | 0 ©0 0 [ 0 0 o©
Historical DeMand (1000m’) | 23819/ 0 0 o0 | 0 0 0| 0 0 0| O 282 73|205 2208 3589|1775 1604 1241|1095 979 2066|1963 1994 1469|1550 1637 ©0 [ O O OO O 0| O O O
% Difference 1.9 1 4|n 2 4|9 2 a|-6 33 4|2 9 7|8 2
Repag Demend (1000m3) | 2408) o0 0 o |0 0 0 0 0 0| 0 278 72177 2208 3692|1438 1742 1465|1300 1126 2159(1986 1847 1410/1691 14%4 ©0 [ O O O[O O 0[O O 0O
% Change 1.1 1 -1 |-14 o 3 |[-19 3 18|19 15 5|1 7 4|9 9
Rcpg.s Demand (1000m’) | 24540/ 0 0 0 [0 0 0 | 0 0 0 | 0 277 73 |164 2216 3639(1472 1738 1499|1199 1070 2313(2200 1874 1486(1688 623 0 [ 0 0 O[O 0 0O 0 O
% Change 3.0 2 1]|-20 0o 1|7 3 2|10 9 12|13 -6 1|9 -1
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— 0= Historical MME - Historical Min ------- Historical Max —e— Observed ++:0++ Historical MME Historical-Min - Historical- Max ++©0-+ Historical- MME -+ Historical-Min .
2500 —a— RCPA.5-MME RCPA.5-Min - RCP4.5-Max —8— RCPB.5 MME RCPB.5-Min RCPB.5 Max
4000 -
3500 —
E 2000 T
g 2500 - g
— -
Ezmm- E
E 1500 4 E
81000 1 3 1000
500 -
0

SeFpndggA e AA=AIAIIQANSR

10-Days

(10-Days) total

Observed Demand (1000 m®) | 23375
3
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% Difference 1.9
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% Change 1.1
3
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% Change 3.0
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Impact assessment on 10-day storage (Goksung)

£(10-Days) total J1 J2 J3 FL F2 F3 ML M2 M3 Al A2 A3 ML M2 M3 JI J2 J3 JlI J2 J3 Al A2 A3 SI S2 S3 Ol 02 O3 NI N2 N3 Dl D2 D3
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 |
Historical St0ra0€ (1000 m?) | 202767| 8760 8791 8816(8834 8862 8901|8935 8968 89989032 9002 9047|9076 8295 5965|5750 6284 67787471 7865 7680|7317 7199 7543|7643 7347 7535|7926 8120 8272(8459 8552 8627|8684 8710 8722.
% 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 1 2|3 -3 -3
RCpas Storage (1000 m®) | 202455[ 8728 8753 8774|8792 8830 8880|8927 8959 8991[9023 9000 90789093 8351 5890|5983 6506 67517331 7600 7449|7185 7197 76127625 7348 7655|8017 8177 83068450 8536 86058664 8687 8701.
% Change 01| 0 o o|lo o oo o o|o o ofo 1 1|4 4 o|=2 3 3|2 0o 1|0 o 2|1 1 oo o oo o o
Repg.s Storage (1000 m*) | 291719] 8686 8713 8744|8762 8789 8828|8878 8922 8960( 9011 9003 9054]9090 8372 59186021 6575 6846|7342 7744 7431|7010 7085 7614|7628 7258 7570|7969 8129 8270(8435 8517 8581[8633 8660 8672.
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CLIMATE CHANGE IMPACTS ON AGRICULTURAL NON-POINT SOURCE POLLUTION
WITH CONSIDERATION OF UNCERTAINTY IN CMIP5?
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ABSTRACT

Changes in non-point source pollutant loads in the Mankyeong River Basin for the 30-year future period (2011-2040) were
assessed with consideration of the uncertainties in the climate change scenario data. The downscaled weather variables from
eleven Climate Models for the Representative Concentration Pathways (RCP) 8.5 scenario were used as input to the calibrated
and validated Soil and Water Assessment Tool (SWAT) model for simulating the changes of future NPS pollutant loads. The
bias-corrected data appropriately reproduced the spatial and temporal patterns of the NPS pollutant load. which was derived by
using observed weather data. The rates of change in sediment, total nitrogen (TN) and total phosphorus (TP) loads within each
sub-basin under the RCP8.5 future scenario showed an average increase of 13.1 to 143%, —13.4 to 49.5%, and 0.40 to 128%,
respectively. It can be concluded that sediment and TP loads are sensitive to changes in the characteristics of climate variables
by showing an increase trend in most of the sub-basins. Looking at the temporal distribution, the uncertainty ranges for both
sediment and TP were higher during the wet season from June to September. Copyright © 2016 John Wiley & Sons, Ltd.

KEY WORDS: representative concentration pathways; non-point source pollution; sediment; total nitrogen; total phosphorus; SWAT
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Soil and Water Assessment Tool (SWAT)
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Discharge (cms)
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Calibration of SWAT (Jeonju-A)
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Observed

Historical

[10.017899 - 0.100285
[£10.100286 - 0.199953
[ 0.199954 - 0.294452
[ 0.294453 - 0.411305
[ 0.411306 - 0.549333
[ 0.549334 - 0.690734
[ 0.690735 - 0.901275
| 0.901276 - 1.100793
N 1.100794 - 1.747632
W 1.747633 - 2.560356

[10.024678 - 0.122925
[0.122926 - 0.230412
[ 0.230413 - 0.354559
0.354560 - 0.486961
[ 0.486962 - 0.616309
[ 0.616310 - 0.769938
[ 0.769939 - 0.992307
[N 0.992308 - 1.217303
N 1217304 - 1.997736
I 1.997737 - 2.908393

SS

tn
[11.846185

[C11.846186 - 8.283410
[18.283411 - 10.241243
10241244 - 11442352
[ 11442353 - 12.172162
[ 12.172163 - 13.189697
[ 13.189698 - 14.172501
N 14172502 - 16.248507
[ 16.248508 - 18.240338
I 18.240339 - 22.347436

tn
[12.081586

[£]2.081587 - 10.547464
[310.547465 - 11.997189
[ 11.997190 - 13.060960
[ 13.060961 - 13.888608
[ 13.888609 - 14.964246
[ 14.964247 - 16.607990
N 16.607991 - 18.493523
I 18.493524 - 20.891842
I 20.891843 - 24396986

streams

TN

[£10.021304 - 0.422055
[£]0.422056 - 0.865708
[ 0.865709 - 1.185988
[ 1.185989 - 1.780965
[ 1.780966 - 2.104697
[ 2.104698 - 2.681476
W 2.681477 - 2.956398
I 2.956399 - 3.453132
I 3453133 - 4276782
4276783 - 6.918732

[10.028886 - 0.499818
[£10.499819 - 0.879131
[30.879132 - 1.212141
1212142 - 1.602941
[ 1.602942 - 2.066552
[ 2.066553 - 2.617062
B 2.617063 - 2.866967
1 2.866968 - 3.428253
I 3428254 - 4234903
I 4.234904 - 6772260

Spatila reproducibility: pollutant loads from HRUs to

TP
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0.7

Temporal reproducibility: pollutant loads from HRUs
to streams within hot spot (subwatershed)

0.5 A

0.4 A

0.2 1

Sediment load (ton/ha)

0.1 +

[ LLER
Observed
MME
KMA-12 5km
bec-csm1-1
CanESM2
GFDL-CM3
GFDL-ESM2G
GFDL-ESM2M
HadGEM2-CC
inmcm4
IPSL-CM5A-LR
MIROC-ESM
MIROC-ESM-CHEM

month

Sediment (ton/ha)
1.84
2.23
250
195
220
213
262
207
222
215
215
206
248

% difference

21.3
362
6.0
196
16.0
424
125
207
170
172
120
351

R2

0.925
0613
0897
0822
0958
0432
0844
0952
099%
0976
0975
0923

6
5
T4
2
- 3
3
E 21
1 -
o T T T T T T T T T
1 2 3 5 6 7 9 10 11 12
month
Models TN load (kg/ha) % difference R?
Observed 22
MME 24 10.8 0.786
KMA-12.5km 26 170 0664
bcc-csm1-1 23 49 0.767
CanESM2 25 124 0878
GFDL-CM3 24 107 0733
GFDL-ESM2G 24 70 0.794
GFDL-ESM2M 23 42 0.800
HadGEM2-CC 26 191 0.568
inmem4 27 210 0.538
IPSL-CM5A-LR 21 -5.8 0928
MIROC-ESM 24 72 0774
MIROC-ESM-CHEM 27 215 0494

TP

3
— MME
25 -
T 2
2
515
3
B o1
05 A
0
1 2 4 5 6 7 8 9 10 11 12
month
Models TP load (kg/ha) % difference R?
Observed 6.92
MME 6.77 -2.1 0.991
KMA-12.5km 6.88 -06 0.988
bcc-csml-1 6.58 -49 0.987
CanESM2 6.57 -51 0938
GFDL-CM3 6.67 -35 0974
GFDL-ESM2G 7.04 17 0.997
GFDL-ESM2M 6.87 -08 0.964
HadGEM2-CC 6.93 02 0.992
inmem4 6.78 -19 0.982
IPSL-CM5A-LR 6.82 -14 0.961
MIROC-ESM 641 -74 0.950
MIROC-ESM-CHEM 6.95 04 0.956
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SS Yields

% Changes

SYLDtha
[10.008807 - 0.076672
[10.076673 - 0.148322
[[10.148323 - 0.261589
.261590 - 0.364075
[ 0.364076 - 0499124
[ 0.499125 - 0.653401
[ 0.653402 - 0.718747
[ 0.718748 - 0.944483
[ 0.944484 - 1527612
I 1527613 - 2.295595

[]-50.798063 - -25.821764
[£]-25.821763 - -16.627950
[ -16.627949 - -13.864423
[ -13.864422 - -11.235844
[ -11.235843 - -8.534780
[ -8.534779 - -4.921567
[ -4.921566 - -2.552994
[ -2.552993 - 6.080225
[ 6.080226 - 16.388290
I 16388291 - 30.249282

RCP8.5 (2011~2040)

SYLDtha
[]0.041419 - 0.135461
[10.135462 - 0.271012
(0271013 - 0.435908
(19 0.435909 - 0.565967
[ 0.565968 - 0.665679
[ 0.665680 - 0.809195
[ 0.809196 - 1.126585
I 1.126586 - 1.435244
I 1435245 - 2.066443
I 2.066444 - 3.292695

[J13.160264
[£113.160265 - 22.087131
[[122.087132 - 25.190756
[ 25.190757 - 27.441770
[ 27.441771 - 30.335563
[ 30335564 - 34.998125
[ 34.998126 - 40411996
[ 40411997 - 54.168136
I 54.168137 - 65.640409
I 65.640410 - 142476880

SYLDtha
[10.050520 - 0.174175
[10.174176 - 0.407174
[E30.407175 - 0.555673
0.555674 - 0.747136
[0 0.747137 - 0.925426
[ 0.925427 - 1.137357
I 1.137358 - 1.474719
N 1.474720 - 1.919001
I 1.919002 - 2.844820
I 2.844821 - 4169345

[138.023267 - 40.307340
[140.307341 - 53.204660
[]53.204661 - 56.496379
[ 56.496380 - 59.752210
[59.752211 - 64.148813
[ 64.148814 - 73.274191
W 73.274192 - 87.142217
N 87.142218 - 113.331266

1 113.331267 - 176.450205
Il 176.450206 - 367.336048

Uncertainty of sediment yields from HRUs to stream

Max.
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TN yields

% Changes

tn
[11.609884

[£11.609885 - 8.269070
[£18.269071 - 9.236534
9.236535 - 10.041442
[ 10.041443 - 10.600617
[ 10.600618 - 11.367570
I 11.367571 - 12.256405
I 12.256406 - 13.458451
I 13.458452 - 16.998820
I 16.998821 - 20.975228

[1-34.535663 - -28.775777
[£1-28.775776 - -22.572667
[3-22.572666 - -13.965305
[ -13.965304 - -10.488368
[ -10.488367 - -8.394862
[ -8.394861 - -6.418322
I -6.418321 - -3.848386
-3.848385 - 0.433994
N 0.433995 - 8.030323

I 8.030324 - 17.418478

Uncertainty of TN yields from HRUs to stream

RCP8.5 (2011~2040)

tn
[11.927634
[11.927635 - 9.850014
[£39.850015 - 11.216997
1.216998 - 12.204533
[ 12.204534 - 13.225704
I 13.225705 - 14.162842
I 14.162843 - 14.956069
I 14.956070 - 16.700785
I 16.700786 - 20.369554
I 20.369555 - 23.683961

[1-13.411382 - -7.173853
[1-7.173852 - 0.782262
[0.782263 - 4.965361
[4.965362 - 7.964361

[ 7.964362 - 11.251114
I 11.251115 - 15.796168
I 15.796169 - 19.384701
I 19.384702 - 23.727234
I 23.727235 - 29.033313
I 29.033314 - 49.555468

Mea

tn

[13.037621

[£13.037622 - 11.701030
[[111.701031 - 13.644646
[ 13.644647 - 15.853864
[ 15.853865 - 17.489654
[ 17.489655 - 19.714416
I 19.714417 - 21.957525
[ 21.957526 - 24.180526
N 24180527 - 27.150187
I 27.150188 - 30.014116

[1-1.121524 - 9.412509
19412910 - 17.361531
[117.361532 - 25.662986
[ 25.662987 - 33.410086
[ 33410087 - 41.413953
[ 41.413954 - 51236390
[ 51.236391 - 65.353364
[ 65.353365 - 80.363617
I 80.363618 - 124.270697
N 124.270698 - 196.288215
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172
L,
2

>
o
-

% Changes

Uncertainty of TP yields from HRUs to stream
RCP8.5 (2011~2040)

tp
[£10.010671 - 0.426596
[£10.426597 - 0.788990
[10.788991 - 1.126094
1.126095 - 1.542380
[ 1.542381 - 1.834009
[ 1.834010 - 2.324497
I 2324498 - 2.732912
I 2.732913 - 3.076370
I 3.076371 - 4013724
N 4.013725 - 6.205282

[1-49.911808
[1-49.911807 - -13.593732
[1-13.593731 - -11.947034
[ -11.947033 - -10.853197
[ -10.853196 - -10.001640
-10.001639 - -8.561100
[ -8.561099 - -6.694567
1 -6.694566 - -4.622947
I -4.622946 - -0.747346
I -0.747345 - 5461413

Mean

tp
[10.048490 - 0.544727
[10.544728 - 0.963033
[£30.963034 - 1.379303
1.379304 - 1.845028
[ 1.845029 - 2.266031
I 2266032 - 2.747253
I 2.747254 - 3.202269
1 3.202270 - 3.684404
I 3.684405 - 4.610067
N 4.610068 - 7.168314

[10.396966 - 1.639213
11639214 - 3.155929
[13.155930 - 4.199488
.199489 - 5.218203
[ 5.218204 - 6.742023

W 6.742024 - 9.847437
[ 9.847438 - 16.299923
I 16.299924 - 25.970097
1 25.970098 - 37.611646
W 37.611647 - 127.614044

tp
[10.081817 - 0.735304
[£10.735305 - 1.176366
[£11.176367 - 1488231
[ 1488232 - 1944601
[H11.944602 - 2.572191
12572192 - 3.136080
113136081 - 3403888
3493889 - 4100372
N 4.100373 - 5.141034
I 5.141035 - 7.940962

[113.588002 - 15.983882
[115.983883 - 17.200828
[117.200829 - 17.790951
17.790952 - 19.132329
[19.132330 - 21.833184
[ 21.833185 - 28.394147
[ 28.394148 - 37.740095
[ 37.740096 - 52.023813

1 52.023814 - 108.251900
I 108.251901 - 284.052801

Max.



Uncertainty of pollutant yields from HRUs to stream
within hot spot (RCP8.5, 2011~2040)
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TP
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1. 2 8¢ § 67T 8 90112 1 284 %5 6 7 8910 11 12 « 1 2 3456 7 8 9 101112
month month svonth
Models Sediment (ton/ha) % Change Models TN load (kg/ha) % Change Models TP load (kg/ha) % Change
Historical 223 Historical 24 Historical 6.8

MME 2.55 143 MME 23 -4.2 MME 7.2 5.8
bec-csml-1 271 218 bec-csmi-1 21 -125 bce-csmi-1 78 149
CanESM2 2.78 246 CanESM2 25 21 CanESM2 75 10.1
GFDL-CM3 2.05 -79 GFDL-CM3 22 -83 GFDL-CM3 6.5 -46
GFDL-ESM2G 3.07 379 GFDL-ESM2G 29 177 GFDL-ESM2G 79 173
GFDL-ESM2M 2.58 159 GFDL-ESM2M 24 -21 GFDL-ESM2M 6.7 -11
HadGEM2-CC 246 104 HadGEM2-CC 25 09 HadGEM2-CC 76 119
inmem4 1.78 -19.9 inmem4 20 -194 inmecmd 6.2 -84
IPSL-CMSA-LR 2,65 187 IPSL-CMS5A-LR 24 -1.0 IPSL-CM5A-LR 7.0 4.0
MIROC-ESM 216 -31 MIROC-ESM 22 -10.9 MIROC-ESM 6.7 -13
MIROC-ESM-CHEM 318 428 MIROC-ESM-CHEM 22 -11.6 MIROC-ESM-CHEM 7.7 131

KMA-12.5km 2.59 164 KMA-12.5km 24 -1.2 KMA-12.5km 7.3 85
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RCP 4.5

RCP 8.5

[[]6.751405 - 13.164116
[113.164117 - 25.527667
[125.527668 - 29.280595
[ 29.280596 - 31.920813
[ 31.920814 - 34.281779
[ 34.281780 - 37.152230
[ 37.152231 - 44.558597
[ 44.558598 - 51.605846
I 51.605847 - 83.541072
I 83.541073 - 259.705128

[113.160264
[113.160265 - 22.087131
[122.087132 - 25.190756
5.190757 - 27.441770
[ 27.441771 - 30.335563
[ 30335564 - 34.998125
34998126 - 40411996
N 40411997 - 54.168136
1 54.168137 - 65.640409
I 65.640410 - 142.476880

TN

[1-8.299487 - -1.786678
[C1-1.786677 - 5.177507

[[5.177508 - 11.715071
[ 11.715072 - 16.956718
[ 16.956719 - 21.489798
[ 21.489799 - 25.745000
I 25.745001 - 32.868985
I 32868986 - 43.545072
W 43.545073 - 67.538174
W 67.538175 - 95.176432

[]-13.411382 - -7.173853
[1-7.173852 - 0.782262
[ 0.782263 - 4.965361

[ 4.965362 - 7.964361
(1 7.964362 - 11.251114
B 11.251115 - 15.796168
B 15.796169 - 19.384701
[ 19.384702 - 23.727234
N 23.727235 - 29.033313
I 29.033314 - 49.555468

Percent changes in pollutant yields from HRUs to
stream according to CC scenarios (MME, 2011~2040)

P

[C11.509749 - 3.161025
[13.161026 - 4.687081
[£14.687082 - 5.613966
[ 5.613967 - 6.495035
[ 6.495036 - 7.453034

[ 7.453035 - 10.501938
[ 10.501939 - 18.742959
[ 18.742960 - 29.782865
I 29.782866 - 50.855008
I 50.855009 - 209.176429

[10.396966 - 1.639213
[11.639214 - 3.155929
[£13.155930 - 4.199488

[ 4.199489 - 5.218203
[5.218204 - 6.742023

I 6.742024 - 9.847437

[ 9.847438 - 16.299923
I 16.299924 - 25.970097
I 25.970098 - 37.611646
I 37.611647 - 127.614044
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