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We now define a procedure for specifying supplemental locations for a particular grid point location (i,j).   The supplemental locations are used to increase training sample size for the quantile mapping.  The procedure is repeated for every grid point inside the domain, which includes the CONUS as well as the Columbia Basin of British Columbia in Canada and a few dozens of grid points on the US-Canadian border with rivers flowing into the US.   Separate supplemental locations are pre-calculated for each month of the year, since precipitation climatologies can change markedly over the annual cycle.  

a.  Calculation of penalty terms
Let Δi,j,k,l = an overall penalty function measuring the weighted difference in precipitation, terrain characteristics, and geography between two grid locations (i,j) and a potential supplemental location (k,l), both inside the domain.  The overall penalty is defined as
Δi,j,k,l = α ΔPi,j,k,l + β ΔZi,j,k,l + ɣΔTFi,j,k,l+ δ ΔDi,j,k,l . 				(A1)
α ΔPi,j,k,l penalizes differences between the precipitation amounts specified at pre-defined quantiles between the two locations.  α provides a user-defined precipitation weighting coefficient, here set to α=0.1.  β ΔZi,j,k,l penalizes difference in terrain heights, and currently β=0.4.  ɣ ΔTFi,j,k,l penalizes differences in terrain “facet” orientations, with terrain smoothed and evaluated for facet at three different scales, and ɣ=0.15.   δ ΔDi,j,k,l measures differences in the horizontal distance between the supplemental and original grid point, and its weighting coefficient is set to δ=0.001.  For each (i,j),  Δi,j,k,l is evaluated for every (k,l) in the domain less than 250 grid points distant from (i,j), with the following exception.  Any (k,l) that is less than or equal to 0.75 degrees from (i,j) or from any other previously specified supplemental location for (i,j) is not evaluated.  This forces supplemental locations to be a minimum distance from each other so that their data has some greater amount of independence.  The weighting coefficients specified above are somewhat arbitrary and were set through an iterative process of manual modification and inspection of the chosen supplemental locations and resulting forecast skill.
	We now describe the formulation of each of the penalties.  The precipitation CDF difference penalty is 
.					(A2)
Qmin and qmax define the indices for the bounding quantiles to be used from the range of quantiles specified in Table A1.  Qmin is the index of the first quantile associated with non-zero accumulated precipitation for the location (i,j), and qmax is the index associated with the 95th percentile of the distribution at (i,j).  The underlying intent behind setting the upper limit to the 95th percentile was to avoid weighting the highest quantiles, as we do not want the results to be heavily dependent on outlier values.  and  are the precipitation amounts in the quantile function associated with the quantile q at the (i,j) and (k,l)th locations. 

Table A1:  List of the quantiles where the quantile function is defined for the 2002-2015 precipitation climatology.  Associated indices start at 1 and end at 107.

	0.0001
	0.0005
	0.001
	0.005
	0.01
	0.02
	0.03
	0.04
	0.05
	0.06

	0.07
	0.08
	0.09
	0.10
	0.11
	0.12
	0.13
	0.14
	0.15
	0.16

	0.17
	0.18
	0.19
	0.20
	0.21
	0.22
	0.23
	0.24
	0.25
	0.26

	0.27
	0.28
	0.29
	0.30
	0.31
	0.32
	0.33
	0.34
	0.35
	0.36

	0.37
	0.38
	0.39
	0.40
	0.41
	0.42
	0.43
	0.44
	0.45
	0.46

	0.47
	0.48
	0.49
	0.50
	0.51
	0.52
	0.53
	0.54
	0.55
	0.56

	0.57
	0.58
	0.59
	0.60
	0.61
	0.62
	0.63
	0.64
	0.65
	0.66

	0.67
	0.68
	0.69
	0.70
	0.71
	0.72
	0.73
	0.74
	0.75
	0.76

	0.77
	0.78
	0.79
	0.80
	0.81
	0.82
	0.83
	0.84
	0.85
	0.86

	0.87
	0.88
	0.89
	0.90
	0.91
	0.92
	0.93
	0.94
	0.95
	0.96

	0.97
	0.98
	0.99
	0.995
	0.999
	0.9995
	0.9999
	
	
	



	The terrain height penalty ΔZi,j,k,l is calculated as
								(A3
A sample plot of the weight as a function of the absolute height difference  is shown in Fig. A1 below.
[image: Terrain_height_diff_penalty_function_AppA.png]
Figure A1:  Illustration of the terrain-height difference penalty function 
	


The terrain facet penalty is the most complicated.  The use of terrain “facets” (i.e., direction of terrain orientation) was inspired by the work of Chris Daly, Wayne Gibson, and others at Oregon State University, who developed a weighted regression approach for estimating temperature and precipitation climatologies (Gibson et al. 1997, Daly et al. 2002, 2008).   In part the weights applied to a particular station some distance from a grid point location were determined by similarity of facets.  The underlying idea is that two somewhat separated locations with similar terrain facets are more likely to have similar temperatures and precipitation amounts than two locations with different terrain facets, and hence the penalty function should be smaller for the former than the latter.  
The algorithm for deriving terrain facets is somewhat involved but follows the algorithm outlined in Gibson et al. (1997) and the implementation in Daly et al. (2002), so its details will not be repeated here.   Instead we focus on the particular application of this technology.  We determine terrain facets for three different levels of smoothing of terrain elevation using a Cressman (1959) weighting function with radii of r = 0.5, 3.0, and 10.0 grid points on the ⅛-degree grid (5.3, 31.9, and 106.3 km, respectively at 40°N).   The final similarity of terrain facet is thus determined by the extent of facet similarity determined when the facet classification is separately run for each of the three smoothing scales.  Specifically, to calculate for the smoothed terrain  for a grid point (i,j), we first determine the indices of a bounding box in the east-west direction (indices imin and imax) and in the north-south direction (jmin and jmax).  The bounding box includes all points that will receive some positive weight.  
	,					(A4)
where Z(i,j) is the raw terrain elevation at grid point (i,j), and w(i,j,k,l) is a distance-dependent weighting function defined by
	 	if d(i,j,k,l) < r					(A5)
		           = 0.0			if d(i,j,k,l) ≥ r .
The distance between grid points (i,j) and (k,l) is defined by
.						(A6)	
From the smoothed terrain, the facets are then determined following Gibson et al. (1997).  The terrain facets over the CONUS for the three levels of smoothing are shown in Figs. A2 - A4.
[image: CCPA_terrain_facet_CONUS_smooth=0.5.png]
Figure A2:  Terrain facet for the finest level of smoothing.
[image: CCPA_terrain_facet_CONUS_smooth=3.0.png]
Figure A3:  Terrain facet for the moderate level of smoothing.
[image: CCPA_terrain_facet_CONUS_smooth=10.0.png]
Figure A4:  Terrain facet for the longest level of smoothing.
Assume now we have the three gridded arrays of terrain facets Ts, Tm, and Tl, for the short, moderate, and longest levels of smoothing.  The arrays contain numbers between 0 and 8, 0 for flat terrain and 1-8 for orientations clockwise from NNE to NNW.  The facet difference for the short level of smoothing Ds(i,j,k,l) and the grid points (i,j) and (k,l) is defined as
	
					                        (A7)
Since NNW (with an associated facet number = 8) is very similar to NNE (with a facet = 1), we evaluate the minimum absolute difference including shifts of +/- 8.   Similar facet differences are calculate for moderate- and large-scale smoothing, Dm(i,j,k,l)  and Dl(i,j,k,l)  respectively.  The average facet difference is then calculated simply as
	= [+ + ] / 3.		(A8)
Because terrain facets are likely to have a greater impact on the precipitation climatology where there are greater variations in the terrain height, we calculate a standard deviation σZ(i,j) of the local terrain height with respect to its mean using data +/- 10 grid points from (i,j).  Thereafter, we also calculate the maximum standard deviation over all locations in the domain .  We calculate a smoothness ratio then as:
	.							(A9)	
Now, finally the terrain facet penalty ΔTFi,j,k,l is
	,						(A10)

a product of weighting coefficient, the smoothness ratio, and the average facet difference across three scales of smoothing.  In this way, large facet differences in relatively flat areas are assigned less penalty than large facet differences in more rugged areas.
The final penalty term, a distance term, is simply the Euclidean distance between (i,j) and (k,l) measured in number of grid points:
							(A11)

b.  Determining supplemental locations based on penalties.
[bookmark: _GoBack]The first supplemental location is simply the (k,l) tuple inside the domain with the minimum Δi,j,k,l .   We note the (k,l) location and the magnitude of the minimum penalty function Δi,j,k,l and move on.   The next supplemental location is the (k,l) tuple where Δi,j,k,l was evaluated and that has the next lowest penalty function.  The searching is stopped when 99 supplemental potential supplemental locations are determined and their indices and associated penalty function values are determined.   The 99 supplemental locations and their associated penalty function values are then written to disk.    
Practically, though, when later read in by the program that builds forecast and analyzed CDFs, not all 99 supplemental locations are used.  Specifically, the number of supplemental locations to be used for a given (i,j) grid point is determined by the vector of 99 (increasing) penalty functions.  For a given grid point, the supplemental location number where the penalty function first exceeds 0.3 is determined.  If that number is lower than 50, then 50 supplemental locations are used, providing a minimum number to make sure that CDFs are populated sufficiently to avoid egregious sampling errors.  If the penalty of the 99th supplemental location is less than 0.3, then all 99 locations are used.  For the nth location, 50 < n < 99,  if the penalty is less than 0.3 while the n+1th location is greater than or equal to 0.3, then n supplemental locations are used in population of the CDFs. 

c. More examples of supplemental locations.
	In the article’s main text, Fig. 2 illustrated supplemental locations for several grid points during the month of April.  Figures A5, A6, and A7 provide supplemental locations for January, July, and October, respectively.


[image: supp_locns_ccpa_Jan.png]
Figure A5:  As in Fig. 2 from the main text, but here the supplemental locations are defined for the month of January.
[image: supp_locns_ccpa_Jul.png]
Figure A6:  As in Fig. 2 from the main text, but here the supplemental locations are defined for the month of July.
[image: supp_locns_ccpa_Oct.png]
Figure A7:  As in Fig. 2 from the main text, but here the supplemental locations are defined for the month of October.
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Jul supplemental locations and 95th percentile of analyses
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Oct supplemental locations and 95th percentile of analyses
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Terrain facet for smoothed terrain, smooth radius of influence = 106.3 km
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Jan supplemental locations and 95th percentile of analyses
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