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Abstract

The majority of existing studies for quantifying uncertainties in climate change impact assessments suggest only the uncertainties of each
stage, and not the total uncertainty and its propagation in the whole procedure. Therefore, this study has proposed a new method, the
Uncertainty Delta Method (UDM), which can quantify uncertainties using the variances of projections (as the UDM is derived from the
first-order Taylor series expansion), to allow for a comprehensive quantification of uncertainty at each stage and also to provide the levels
of uncertainty propagation, as follows: total uncertainty, the level of uncertainty increase at each stage, and the percentage of uncertainty
at each stage. For quantifying uncertainties at each stage as well as the total uncertainty, all the stages - two emission scenarios (ES), three
Global Climate Models (GCMs), two downscaling techniques, and two hydrological models - of the climate change assessment for water
resources are conducted. The total uncertainty took 5.45, and the ESs had the largest uncertainty (4.45). Additionally, uncertainties are
propagated stage by stage because of their gradual increase: 5.45 in total uncertainty consisted of 4.45 in emission scenarios, 0.45 in climate
models, 0.27 in downscaling techniques, and 0.28 in hydrological models. These results indicate the projection of future water resources
can be very different depending on which emission scenarios are selected. Moreover, using Fractional Uncertainty Method (FUM) by
Hawkins and Sutton (2009), the major uncertainty contributor (emission scenario: FUM uncertainty 0.52) matched with the results of
UDM. Therefore, the UDM proposed by this study can support comprehension and appropriate analysis of the uncertainty surrounding the
climate change impact assessment, and make possible a better understanding of the water resources projection for future climate change.
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(b) Uncertainty quantification at each stage using the uncertainty delta method (UDM)

Fig. 1. Basic concept of application of the uncertainty delta method (UDM) in the climate change impact assessment
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Fig. 2. The relative importance of each source of uncertainty in
climate change impact assessment: (a) Uncertainty changes
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in decadal mean surface air temperature prediction for
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Table 1. Characteristics of the study basin

Characteristics Description
Upstream of Chungju Dam 3 sub-basins (6705.06 km?)
Precipitation on average 1169.32mm/year
(1970~2010) (808.0 mm/year, 69.1%)*
Streamflow on average 1927.61cms
(1986~2010) (1403.3 m’/s, 72.8%)

*(): Average in flood seasons (June~September) and relative ratio
to the total
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Table 2. Description of emission scenario, GCM, downscaling
technigue, and hydrological model stages in the climate

change impact assessment

Order Stage Description
j | Fmission RCPS.5 and RCP4.5
scenario
) GCM CSIRO-MK3.6.0 (Australia), MRI-CGCM3
(Japan), and HadGCM-ES (UK)
3 Downscaling | Bilinear regression and Artificial Neural
technique Network (ANN)
4 | Hydrological abed and GR2M
model

GR2M B3 9] R*= 90.1%2A] Ae7t5A4-S vehiith
Table 2= Ao 41 9] 7| S ¥ s} kg 7} S Lepict
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Aitto]| thoto] A4 Z51 AdFA| ol tiste] Alute] o,
BE R BA5I5ET], Table 3(a)o A 4] A9, A
A Gl A viEA Y] 2, GCME(MRI-CGCM3 A 2])
% 97171970 1956 2010 129 AB 73453
B} F71oke A o2 e HiEA 2] 20 A= RCP8.5
Al2] o7t Bt 13.3% S71ete] RCP4.5 Alute] (Bt
9.1% S7hEH 7= T7Heol E7 Uehdth GCMelM =
CSIRO-MK3.6.0°] 1t 7.8% 57 Foh= 2 0.2 LFeEbLt vl
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2} 3141 9] SRES (Special Report on Emission Scenarios) A|
U2 & A8t = o2 A4(Kim et al., 2010; Bae et al.,
2011)etE2 2fo] & Ho|z] ghgrow, XL RCP AU &

J.-K. Lee / Journal of Korea Water Resources Association 51(S-1) 1079-1089

Table 3. Precipitation and streamflow projection results from
January 2030 to December 2059

(a) Precipitation projection

ES RCP8.5 RCP4.5 Average
GCM (mm/year) (mm/year) (mm/year)
CSIRO-MK3.6.0| 1277.5 (9.3%)* | 1299.5 (6.0%) | 1288.5 (7.8%)
HadGCM-ES | 1231.3 (5.3%) | 1223.1 (4.6%) | 1227.2 (4.9%)
MRI-CGCM3 | 1135.4 (-2.9%) |1137.8 (-2.2%) | 1136.6 (-2.6%)
Average 1219.8 (13.3%) | 1175.0 (9.1%) | 1217.4 (3.4%)
Observation
(Jan. 1970~Dec. 1169.3 mm/year
2010)

* (%) indicates an increase rate over the observation
** ES represents Emission Scenario, GCM represents Global Climate

Model

(b) Streamflow projection

ES
GCM

RCP8.5
(m*/s/year)

RCP4.5
(m®/s/year)

Average
(m*/s/year)

CSIRO-MK3.6.0

2938.8 (52.5%)

2554.1 (32.5%)

2746.4 (42.5%)

HadGCM-ES

2449.6 (27.1%)

1795.4 (-6.9%)

2122.5 (10.1%)

MRI-CGCM3

1688.2 (-12.4%)

1836.1 (-4.8%)

1762.1 (-8.6%)

Average

2358.8 (22.4%)

2061.9 (7.0%)

2210.3 (14.7%)

Observation
(Jan. 1986~Dec.
2010)

1927.6 m*/s/year

o]23F A7-E(Rim and Kim, 2014; Kim et al., 2014; Lee et
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Table 4. Uncertainty quantification results for each stage in the climate change impact assessment using the uncertainty delta method (UDM)

Stage Variance Maximum Uncertainty Ratio (%)
g (x10° m*/s/year) of variance using UDM to the total uncertainty
RCP8.5 86.04
ES 86.04 4.45 81.6
RCP4.5 70.23
CSIRO-MK3.6.0 135.39
GCM HadGCM-ES 77.20 135.39 0.45 8.3
MRI-CGCM3 63.62
BR 177.85
DS 177.85 0.27 5.0
ANN 60.83
abed 186.19
HM 234.87 0.28 5.1
GR2M 234.87
Total uncertainty 234.87 234.87 5.45 100.0
Natural variability 57.05 4.04 74.1

* ES: Emission scenario, DS: Downscaling, HM: Hydrological model, BR: Bilinear regression
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Fig. 3. Uncertainty propagation in the climate change impact assessment
by employing the UDM

Table 5. Uncertainty quantification of three uncertainty sources in
the climate change impact assessment using the fractional
uncertainty method (FUM)

Fractional
uncertainty Ratio Fractl.onal. Ratio
Source on average %) uncertainty in %)
over lead time E 2059 R
(2030~2059)
Emission scenario 0.52 51.9 1.25 77.1
Internal variability 0.12 11.7 0.11 7.0
Models
(=GCMs+DS+HM) 0.36 36.4 0.26 159
Total 1.00 100.0 1.51 100.0

B 531 X(fractional uncertainty )2 A5}t UDM HF
Hp vl s, B EA U] = T sk 2ol ottt B
Aol M= GCM, BAIRP ||, 2R ol ot B8t A=
L zokshal Qlnk 55, 7| FA|AH o] ofgt EHAAS
UDMOf|A] ZFA-Fofl thet Ee4/d ) vlw e 4= §lom,
FUMOIA = 2 5o it Z-& 7] S A1 A/l tigt- B4
/J 0 = sfof Z3tal Gtk Aol & 2folHolat & 4= qlrt.

A~
Table 5914 FUM= 4-8-3t A7-E Ao HH, 94 7]

[o

£S5 B, HiE Alue] @ o] B AdtiHl&0] 51.9%, &
& B4 o] AH]-80] 36.4%, 7] T A 2~ Ho] o] i
O] 24/ o] AdthH]&0] 11.692A] HiE Alvt2].2
of o2t B o] 7P 2 A vreht UDM a5 det Zatks
B} thE-0 2 2030 FE] 20594 M7 |7 E= A ZF
A E3HIA)-S Al B H(Table 5 and Fig. 4 &%), 715A]
2E 5o fEAd o] o et BE B g2 2030100 0.12
2 AJ2Fete] 205949 0.11 2 4P E|o] E HBo| gl ez
Uepgrom, mgof ot E8H4/d-2 20301l 0.4894]
2059'd0] 0.26 0 &2 A Eo] FAZL2 Ao AEHH 07
Aot Ao = Uepdth i Alute] Qo] o5t A4
22030 0.11°14 2059 1.252A4] tha E6HA A&7 0
2 F7ot= ALoE UEyth thgo g Y7t T8
20591 9] Zt A B4 v S-S A EH, i E Al v
2. 0] B2H140] 77.06%= 7V A VR b2 Ao 9l
oA B & AlLtE] @.0] Mg o] m$- Fa g Ejletolth &
5], 717 211 20403 7HA] = B3 o] eJgt BeH o] 7}

rE
of
o |

i

18

16 1 === Model uncertainty = = - -Internal variability
’ = Scenario uncertainty Total uncertainty
14 4
B
£ 12
£
g o1
5
= 08 -
g
g 0.6 -
“ 04
02
0
2030 2035 2040 2045 2050 2055
Lead time (year)
Fig. 4. Fractional uncertainties of the three sources of uncertainty

and total uncertainty in the climate change impac assessment
over lead time (2030~2059)
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