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et Background

O

« UKCP18’s perturbed physics ensemble (PPE) of Regional Climate Model (RCM) variants
of the Met Office’s HadGEM-GC3.05 (CMIP6) for RCP8.5

Aim:
Assess how the UKCP18’s PPE-RCMs manifest in streamflow and where they sit compared
to euro-CORDEX



Methods

Study Catchments:

1. Western Rother: steep, high natural variability, moderate
permeability

2. ldle: lowland, slow-flowing, high permeability

Fig. 1: Location of Study Catchments



Methods

Study Catchments:
1. Western Rother: steep, high natural variability, moderate
permeability

2. ldle: lowland, slow-flowing, high permeability

Climate Projections
« 12 PPE-RCMs from UKCP18 for RCP8.5

* 18 RCMs from euro-CORDEX
six different General Circulation Models (GCMs) across three
RCPs

 bias corrected with linear scaling

Hydrological Model: SWAT+

Table 1: Considered Climate Projections

RCP | Driving GCM RCM

8.5 HadGEM3-GC3.05 12 PPE ensembles ,
HadREM3-GA7-05

8.5 CNRM-CM5 ALADING63

8.5 IPSL-CM5A-MR WRF381P

8.5 NorESM1-M HIRHAMS

8.5 MPI-ESM-LR ALADING3

8.5 IPSL-CM5-MR REMO2015

8.5 HadGEM2-ES HadREM3-GA7-05

4.5 CNRM-CM5 RACMO22E

4.5 EC-EARTH RCA4

4.5 IPSL-CM5A-MR RCA4

4.5 NorESM1-M REMO2015

4.5 IPSL-CM5-MR WRF381P

4.5 HadGEM2-ES RACMO22E

2.6 CNRM-CM5 RACMO22E

2.6 EC-EARTH HIRHAM5

2.6 EC-EARTH RCA4

2.6 MPI-ESM-LR RCA4

2.6 NorESM1-M REMO2015

2.6 HadGEM2-ES HadREM2-GA7-05




Results

SWAT+ performed good to very good in simulating (a) Rother
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Discussion

- PPE = high-end warming scenario useful for risk-averse decision making (vamazaki et al., 2021)

 Parametric uncertainty within HadGEM-GC3.05 translates into higher range of streamflow
projections than GCM-RCM uncertainty represented in euro-CORDEX

« UKCP18’s PPE - limited meaning as standalone projections, also considering recent findings on
biases and high climatic sensitivity (Yamazaki et al., 2021; Rostron et al., 2020)

Management implications:
« Large envelope of uncertainty hinders scenario-led climate adaptation (wilby & Dessai, 2010)

- smaller balanced subset, weighting according to performance, or storyline-approach (Shepherd et
al., 2018) potentially better suited to address water management challenges
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SWAT+ performance during the observations period

Table Al: SWAT+ performance during calibration and validation

Calibration Validation
2001 - 2008 2009 - 2017
Rother
pbias (%) 51-14.9 -44-59
VE (%) 0.8-0.85 0.75-0.8
bR?2 0.77 - 0.83 0.78 - 0.83
KGE 0.65-0.8 0.54-0.75
NSE/NSE_inv| 0.7-0.81]0.81-0.95 |0.6-0.74|0.61 - 0.87
Idle
pbias (%) -2.8-9.3 -89-1.9
VE (%) 0.86 - 0.91 0.83-0.88
bR? 0.79 - 0.87 0.71 - 0.81
KGE 0.71-0.93 0.73-0.88
NSE/NSE _inv|0.71 -0.88 | 0.69-0.77|0.66 - 0.79 | 0.66 - 0.8
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Fig. A1l: SWAT+ -simulated streamflow during
calibration and validation



Comparison of three bias correction methods (1/2)

Comparison of the ISIMIP method empei et al, 2013, gamma-Pareto quantile mapping (GPQM) (cutiahr and
Heinemann, 2013) and ||near Sca“ng (LS) (Lenderink et al., 2007)

(a) UKCP18, RCP8.5, Rother (b) euro-CORDEX, RCP8.5, Rother (c) euro-CORDEX, RCP4.5, Rother (d) euro-CORDEX, RCP2.6, Rother
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Comparison of three bias correction methods (2/2)

(e) UKCP18, RCP8.5, Idle
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Fig. A2, continued

(f) euro-CORDEX, RCP8.5, Idle
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Fig. A3: Change in flow duration curve statistics, Rother [%]
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Fig. A5: Change in flow duration curve statistics, Idle [%0]

Rother flow | UKCP18 RCP 8.5 eCX RCP 8.5 eCX RCP 4.5 eCX RCP 2.6
(m%s) (%) (%) (%) (%)

period 2001 |2020s 2040s 2060s|2020s 2040s 2060s [2020s 2040s 2060s|2020s 2040s 2060s
2017 |2030s 2050s 2070s(|2030s 2050s 2070s|2030s 2050s 2070s|2030s 2050s 2070s
Jan| 284.8| -23 101 161 54 124 135 47 57 190 39 6.8 4.0
Feb| 220.6| 152 214 36.0| -00 216 187 -24 27 58| 92 1.6 241
Mar| 188.6| 7.6 27 147| -1.9 158 240 -1.7 06 74| 35 9.9 1.7
Apr| 135.2| 2.1 14 20|l 25 68 156 -41 -54 103| 35 69 87
May| 115.3| 2.1 14 67| -20 441 33 21 -08 122 85 36 92
Jun| 839| -54 -11.2 -159| -24 31 -05| -36 -81 -094 441 58 5.1
Jul| 813 -93 -13.3 -205| -26 -02 -40/ -62 -82 -14| 21 -0.1 -34
Aug| 73.0| -10.7 -146 -234f -19 21 -40f -02 -48 -17| 18 54 -04
Sep| 688 -86 -151 -173| -14 30 17/ 68 -66 09| 35 06 121
Oct| 123.8| -5.0 -10.7 -15.6 45 82 67| 64 -11 70| 03 45 16.6
Nov| 190.7| -42 1.0 -154 29 52 35/-105 -50 01| 156 165 198
Dec| 2285, 62 15 51 96 127 23.0f 73 09 185 239 194 350
annual| 149.1| 03 19 44 17 94 117 01 -09 89| 77 78 95

Idle flow | UKCP18 RCP 8.5 eCX RCP 8.5 eCX RCP 4.5 eCX RCP 2.6

(m3/s) (%) (%) (%) (%)

period 2001 |2020s 2040s 2060s|2020s 2040s 2060s|2020s 2040s 2060s|2020s 2040s/ 2060s
2017 |2030s 2050s 2070s (| 2030s 2050s 2070s|2030s 2050s 2070s|2030s 2050s 2070s
Jan| 1642 87 -79 -139 05 33 -25| 44 57 17.0| -14 47 641
Feb| 1383 42 -20 11} -1.7 36 73| 12 07 72| 32 1.7 37
Mar| 1306/ -02 -75 -75| -9.0 -21 -45| -07 04 3.0/ -35 27 16
Apr| 1145 -49 -103 -129| -75 -59 -73| 06 -22 50| -35 10 1.0
May| 106.3| -43 -10.6 -16.6| -51 -45 -91| 11 -23 17| -31 -27 -1.0
Jun| 949| 9.0 -164 -22.0f -91 -79 -132| -7.0 -101 -40| -0.2 36 44
Jul| 85.7|-10.1 -17.0 -23.2| -99 -58 -11.3| -53 -67 23| -26 3.1 23
Aug| 90.9| -104 -16.4 -25.5| -105 -89 -131| -44 -54 -00| -3.3 20 -0.7
Sep| 87.7| -88 -13.3 -239| 97 -87 -13.0/ 49 -27 31| 47 -19 0.1
Oct| 102.6| -7.7 -122 -19.2|| -79 -24 -43| -1.0 -08 10.0| -48 09 71
Nov| 117.6| -10.3 -11.4 -223| -36 -64 -24| -07 -08 135 11 52 7.0
Dec| 1314, -80 -108 -189| -80 -43 -28/ 07 10 178 6.0 103 211
annual| 1128, -6.7 -11.5 -161| -74 -39 -62| -22 -31 6.2 -1.8 2.1 43

14 Table A2: Observed monthly flow in the reference period (2001-2017) and

projected mean monthly percentage change in natural streamflow



Literature

Gutjahr, O. & Heinemann, G. 2013. Comparing precipitation bias correction methods for high-resolution regional climate simulations
using COSMO-CLM. Theoretical and Applied Climatology, 114, 511-529.

Hempel, S., Frieler, K., Warszawski, L., Schewe, J. & Piontek, F. 2013. A trend-preserving bias correction - the ISI-MIP approach.
Earth System Dynamics, 4, 219-236.

Lenderink, G., Buishand, A. & Van Deursen, W. 2007. Estimates of future discharges of the river Rhine using two scenario
methodologies: direct versus delta approach. Hydrol. Earth Syst. Sci., 11, 1145-1159.



