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Supplementary Information 1	
Subsequent to the model tuning in this study, a large ensemble of climatology simulations 2	

(from October1988 to September2015) were run with PP set2 from the final selected 10 3	

sets, with more than 100 simulations per year. Some initial analysis of the surface energy 4	

budget and surface radiative fluxes from this PP climatology were compared with a large 5	

ensemble of climatology simulations under SP to better understand the reduction in near 6	

surface temperature biases, shown in Fig. S16. 7	

Table S1.  Information of models used in Fig. 8, including the modelling institutions, 8	

model standard names, pertinent references, and ensemble members shown for each model. 9	

Modeling 
institution 

Model name References Ensemble member 

Canadian Centre 
for Climate 
Modeling and 
Analysis 

CanAM4 Chylek et al. (2011) 

 

4 

National Center for 
Atmospheric 
Research 
Community Earth 
System Model 

CESM-CAM5 Neale et al. (2010) 

 

2 

Met Office Hadley 
Centre 

HadGEM2-A 

 

Martin et al. (2006) 

Collins et al. (2011) 
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Figure S1. Biases in a) June-July-August (JJA) mean temperature (°C) , and b) 12	

precipitation (%) simulated by HadRM3P compared with PRISM over dec1996-nov 2007 13	

under standard physics (SP) setting. The NWUS is defined as the land region bounded by 14	

the heavy grey line. 15	



3	
	

 16	

Figure S2. Phase 1 PPE parameter inputs and TOA outgoing SW and LW fluxes. 328 17	

parameter sets are shown. The parameter values and model outputs under SP setting are 18	

marked in red. 19	
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 20	

Figure S3. Same as Fig. S3, but for Phase 2 parameter inputs and summary model output 21	

metrics considered in this phase. 264 parameter sets are shown. 22	
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Figure S4. Biases in a) June-July-August (JJA) mean temperature (°C) , and b) 24	

precipitation (%) simulated by HadRM3P compared with PRISM over dec1996-nov 2007 25	

under the selected PP settings, where the composite of the final 10 are taken. 26	
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 27	

Figure S5. The range of internal variability for top-of-atmosphere a) outgoing shortwave 28	

radiation, b) outgoing longwave radiation, and c) net (outgoing minus incoming) under SP 29	

setting for each year. We rounded to the nearest Wm-2 (±1) to account for internal 30	

variability. 31	
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 32	

Figure S6. One-at-a-time sensitivity analysis of JJA temperature bias (compared with 33	

PRISM) over Northwest to each input parameter in turn, with all other parameters held at 34	

mean value of all the designed points. Central lines represent the emulator mean, and 35	

shaded areas represent the estimate of emulator uncertainty, at the ±1 SD level. 36	

 37	

Figure S7. Same as Fig. S6, but for DJF temperature bias. 38	
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 39	

Figure S8. Same as Fig. S6, but for JJA precipitation bias. 40	

 41	

Figure S9. Same as Fig. S6, but for DJF precipitation bias. 42	
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 43	

Figure S10. Same as Fig. S6, but for TOA SW fluxes. 44	

 45	

Figure S11. Same as Fig. S6, but for TOA LW fluxes. 46	
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 47	

Figure S12. Biases of SP temperature over land in a) DJF, b) MAM, c) JJA, and d) SON, 48	

compared with MERRA over December 1996 through November 2007. Biases of selected 49	

PP compared with MERRA are shown in e)-h), while the differences between selected PP 50	

and SP, i.e. the absolute increase or decrease of biases in PP with respect to the SP values,  51	

are shown in i) - l). The PP results are the composites of the 10 selected sets, 6 IC per set.  52	
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 53	

Figure S13. Same as Fig. S12, but for comparison with GHCN-CAMS.  54	
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 55	

Figure S14. MEAN summer (JJA) differences between SP and PPset2 for a) total 56	

downward shortwave radiation, and b) latent heat fluxes for the period Oct1988 – Sep2015. 57	
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 58	

Figure S15. Biases of SP precipitation over land in a) DJF, b) MAM, c) JJA, and d) SON, 59	

compared with GPCP over December 1996 through November 2007. Biases of selected PP 60	

compared with GPCP are shown in e)-h), while the differences between selected PP and 61	

SP, i.e. the absolute increase or decrease of biases in PP with respect to the SP values,  are 62	

shown in i) - l). The PP results are the composites of the 10 selected sets, 6 IC per set. 63	
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 64	

Figure S16. Same as Fig. S15, but for comparison with GPCC.  65	
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 66	

Figure S17. Same as Fig. S15, but for comparison with MERRA.  67	
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Figure S18. Same as Fig. S15, but for comparison with ERAI.  69	
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 70	

Figure S19. Same as Fig. S15, but for comparison with JRA-55. 71	
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 72	

Figure S20. Same as Fig. S15, but for comparison with CFSR. 73	
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 74	

Figure S21. Same as Fig. S15, but for comparison with CMAP. 75	
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Figure S22. Same as Fig. S15, but for comparison with TRMM. 77	
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 78	

Figure S23. MAC-T biases projected into the two-dimensional spaces of each pair of input 79	

parameters using the emulator. 80	
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Figure S24. JJA-T biases projected into the two-dimensional spaces of each pair of input 82	

parameters using the emulator. 83	
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Figure S25. DJF-T biases projected into the two-dimensional spaces of each pair of input 85	

parameters using the emulator. 86	
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Figure S26. The sensitivity indices for the refined parameter space in Phase 3. 88	

 89	
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