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Introduction

This document discusses the application of a downscaling technique developed for UK extreme rainfall to Europe-wide temperature and rainfall. A full description of the downscaling technique can be found in the primary UEA contribution to D12.

Data

Predictands

Daily temperature and rainfall was analysed for all stations from version 2 of the STARDEX European data set, with the addition of 10 Italian stations. 13 climate indices were calculated:

pav
Mean daily rainfall

pq90
90th percentile of rainday amounts (mm/day)

px5d
Greatest 5-day total rainfall

pint
Simple Daily Intensity (rain per rainday)

pxcdd
Max no. consecutive dry days

pfl90
% of total rainfall from events > long-term P90

pnl90
No. of events > long-term 90th percentile of raindays

txav
Mean Tmax

tnav
Mean Tmin

txq90
90th percentile of Tmax

tnq10
10th percentile of Tmin

tnfd
No of frost days

Txhw90
percentile based heat wave duration

Predictors

The best predictor set was chosen from four possible predictors: MSLP, relative humidity at 700hPa, specific humidity at 700hPa and temperature at 700hPa. The best predictor set was chosen for each index and season using cross-validation during the training period (see primary contribution).

Results

Figure 1 shows the Spearman correlation for downscaled and observed indices during hindcast period averaged across all stations. The temperature indices are much better downscaled the rainfall indices, which all have correlations less than 0.4. In general DJF shows the highest correlations followed by MAM. As for the UK results, the best-reproduced extreme rainfall indices are pxcdd and pnl90.


[image: image1.wmf]
Figure 1: Spearman rank correlation for downscaled and observed indices during hindcast period averaged across all stations.

The patterns of hindcast correlations were plotted for each index and season showing that in most cases the correlations are regionally coherent. For example, Figure 2 shows the correlations for txq90 for SON. While central and southwest Europe has correlations up to 0.77, the SE and NW part of the region contains mainly negative correlations. Figure 3 shows a similar figure for pnl90 for MAM. While the pattern is less coherent than for Fig. 2, there is still some degree of regionalisation.

The fact that there are large areas of negative correlations suggests that the entire European region is probably too heterogeneous to be included in a single CCA analysis. Therefore an analysis that divides the data into more coherent regions is necessary.

[image: image2.wmf]
Figure 2: Spearman correlation for hindcast txq90 for SON. Red circles indicate +ve correlations and blue indicates –ve.  The diameter of the circle is proportional to magnitude of the correlation.

[image: image3.wmf]
Figure 3: Spearman correlation for hindcast pnl90 for MAM. Red circles indicate +ve correlations and blue indicates –ve.  The diameter of the circle is proportional to magnitude of the correlation.
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		tnav		0.7266		0.5949		0.6014

		txq90		0.2562		0.5484		0.2173

		tnq10		0.4703		0.3568		0.5

		tnfd		0.491		0.1558		0.4965

		txhw90		0.2872		0.3234		0.1974

		pav		0.3631		0.3339		0.42

		pint		0.0891		0.0383		0.0311

		pq90		0.0665		0.0327		0.0249

		px5d		0.1283		0.1086		0.0902

		pxcdd		0.2636		0.2351		0.2712
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		txav		0.7209		0.6493		0.6014		0.6396		0.5768		0.4391		0.3833

		tnav		0.7266		0.5949		0.6014		0.6328		0.5272		0.459		0.399

		txq90		0.2562		0.5484		0.2173		0.5757		0.1364		0.333		0.0726

		tnq10		0.4703		0.3568		0.5		0.5027		0.3739		0.2782		0.5149

		tnfd		0.491		0.1558		0.4965		0.5258		0.3975		0.1682		0.43
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data

		PRES_msl

		ssn		index		r		rms		bias		nPCx		nPCy		nx		ny

		DJF		txav		0.6396		1.3009		0.566		6		5		1225		487

		DJF		tnav		0.6328		1.5434		0.6503		6		5		1225		486

		DJF		txq90		0.5757		1.1223		0.2794		6		5		1225		487

		DJF		tnq10		0.5027		2.513		0.8159		6		5		1225		486

		DJF		tnfd		0.5258		6.5222		-2.5297		6		5		1225		486

		DJF		txhw90		0.3784		2.0862		0.0257		6		7		1225		487

		DJF		pav		0.5217		0.5754		-0.028		6		6		1225		483

		DJF		pint		0.1338		1.4878		-0.0977		6		18		1225		483

		DJF		pq90		0.105		3.6401		-0.2623		6		20		1225		437

		DJF		px5d		0.1391		18.1792		-2.5764		6		16		1225		483

		DJF		pxcdd		0.3521		6.7198		0.2654		6		8		1225		483

		DJF		pfl90		0.0576		0.1724		-0.0177		6		22		1225		483

		DJF		pnl90		0.279		1.9557		-0.2143		6		13		1225		483

		MAM		txav		0.5768		1.0277		0.1742		7		5		1225		491

		MAM		tnav		0.5272		0.9383		0.0625		7		5		1225		491

		MAM		txq90		0.1364		2.0953		-0.0503		7		6		1225		491

		MAM		tnq10		0.3739		2.2371		0.1547		7		5		1225		491

		MAM		tnfd		0.3975		5.8622		0.5837		7		7		1225		491

		MAM		txhw90		0.1885		2.2144		0.3073		7		8		1225		491

		MAM		pav		0.3107		0.5188		-0.0287		7		10		1225		488

		MAM		pint		0.0488		1.4165		-0.004		7		22		1225		488

		MAM		pq90		0.0258		3.6578		0.0103		7		22		1225		442

		MAM		px5d		0.0778		16.9044		-0.5447		7		23		1225		488

		MAM		pxcdd		0.2091		6.1676		0.1637		7		11		1225		488

		MAM		pfl90		0.0247		0.1762		-0.0022		7		25		1225		488

		MAM		pnl90		0.1204		1.7378		-0.041		7		22		1225		488

		JJA		txav		0.4391		0.9733		-0.0394		7		7		1225		491

		JJA		tnav		0.459		0.6694		-0.2274		7		7		1225		489

		JJA		txq90		0.333		1.3478		-0.0835		7		8		1225		491

		JJA		tnq10		0.2782		0.9205		-0.1743		7		7		1225		489

		JJA		tnfd		0.1682		0.494		0.0294		7		7		1225		489

		JJA		txhw90		0.2221		2.0537		0.5483		7		7		1225		491

		JJA		pav		0.2832		0.6319		-0.0746		7		11		1225		490

		JJA		pint		0.0533		2.1189		-0.0388		7		23		1225		475

		JJA		pq90		0.0499		4.9187		-0.1006		7		23		1225		396

		JJA		px5d		0.089		20.8753		-0.0265		7		24		1225		490

		JJA		pxcdd		0.2192		6.7184		1.162		7		11		1225		490

		JJA		pfl90		0.0392		0.1888		-0.0046		7		25		1225		476

		JJA		pnl90		0.1066		1.6474		-0.1875		7		21		1225		490

		SON		txav		0.3833		0.9299		-0.0727		8		5		1225		490

		SON		tnav		0.399		0.9005		-0.1579		8		6		1225		490

		SON		txq90		0.0726		1.5885		-0.2567		8		6		1225		490

		SON		tnq10		0.5149		1.9599		0.4613		8		6		1225		490

		SON		tnfd		0.43		5.149		0.2258		8		8		1225		490

		SON		txhw90		0.0649		2.0792		-0.0401		8		9		1225		490

		SON		pav		0.412		0.6907		-0.0813		8		10		1225		489

		SON		pint		0.072		1.9088		-0.2583		8		21		1225		489

		SON		pq90		0.0603		4.6232		-0.6166		8		22		1225		427

		SON		px5d		0.0876		23.1191		-2.8715		8		21		1225		489

		SON		pxcdd		0.2193		7.0093		0.077		8		9		1225		489

		SON		pfl90		0.0215		0.1791		-0.0164		8		25		1225		489

		SON		pnl90		0.1809		1.8404		-0.2181		8		19		1225		489

		PRES_msl

		RH_850

		SH_850

		TMP_850

		ssn		index		r		rms		bias		nPCx		nPCy		nx		ny		npred		pred1		pred2		pred3		pred4

		DJF		txav		0.753		1.1247		0.4055		9		5		3675		487		3		2		3		4

		DJF		tnav		0.7575		1.2492		0.3771		8		5		2450		486		2		3		4

		DJF		txq90		0.5817		1.1279		0.195		11		4		2450		487		2		2		3

		DJF		tnq10		0.6315		2.2407		0.5581		11		5		2450		486		2		2		3

		DJF		tnfd		0.5728		6.1325		-2.2474		8		5		2450		486		2		3		4

		DJF		txhw90		0.4512		2.0044		-0.17		11		5		2450		487		2		2		3

		DJF		pav		0.5169		0.5693		-0.0016		7		6		2450		483		2		1		2

		DJF		pint		0.1401		1.4424		-0.0156		8		7		2450		483		2		3		4

		DJF		pq90		0.1168		3.5102		-0.1059		8		6		2450		437		2		3		4

		DJF		px5d		0.1261		17.8125		-2.1093		7		8		2450		483		2		1		3

		DJF		pxcdd		0.3496		6.6325		-0.2526		8		7		3675		483		3		1		2		4

		DJF		pfl90		0.089		0.1636		-0.0134		11		7		2450		483		2		2		3

		DJF		pnl90		0.2698		1.9454		-0.017		8		5		2450		483		2		3		4

		MAM		txav		0.7209		0.8496		0.1616		9		5		1225		491		1		4

		MAM		tnav		0.7266		0.711		0.1532		9		5		1225		491		1		4

		MAM		txq90		0.2562		2.0097		-0.0098		11		5		4900		491		4		1		2		3		4

		MAM		tnq10		0.4703		2.0249		0.3946		10		4		2450		491		2		2		4

		MAM		tnfd		0.491		5.5535		0.0306		9		6		1225		491		1		4

		MAM		txhw90		0.2872		2.129		0.0227		10		7		2450		491		2		2		4

		MAM		pav		0.3631		0.506		-0.0087		10		6		2450		488		2		1		2

		MAM		pint		0.0891		1.3657		-0.0172		10		12		2450		488		2		1		2

		MAM		pq90		0.0665		3.4394		0.0775		10		7		2450		442		2		1		2

		MAM		px5d		0.1283		16.1376		-0.3819		10		9		2450		488		2		1		2

		MAM		pxcdd		0.2636		5.929		-0.2539		10		10		1225		488		1		2

		MAM		pfl90		0.0641		0.1664		-0.0004		10		7		2450		488		2		1		2

		MAM		pnl90		0.1524		1.6795		-0.0203		10		8		2450		488		2		1		2

		JJA		txav		0.6493		0.812		0.1245		9		7		1225		491		1		4

		JJA		tnav		0.5949		0.5796		-0.0536		11		6		3675		489		3		2		3		4

		JJA		txq90		0.5484		1.1491		0.0515		11		8		2450		491		2		2		4

		JJA		tnq10		0.3568		0.897		-0.0728		11		7		3675		489		3		2		3		4

		JJA		tnfd		0.1558		0.5047		0.0054		10		6		2450		489		2		3		4

		JJA		txhw90		0.3234		1.9768		0.5595		11		7		2450		491		2		2		4

		JJA		pav		0.3339		0.6206		-0.0584		11		6		2450		490		2		2		4

		JJA		pint		0.0383		2.0398		0.0474		10		9		1225		475		1		2

		JJA		pq90		0.0327		4.7532		-0.142		7		7		1225		396		1		1

		JJA		px5d		0.1086		20.0634		0.2715		10		8		4900		490		4		1		2		3		4

		JJA		pxcdd		0.2351		6.6017		0.4294		10		8		3675		490		3		1		2		3

		JJA		pfl90		0.003		0.1825		0.0001		10		8		2450		476		2		1		2

		JJA		pnl90		0.135		1.6027		-0.118		11		8		3675		490		3		2		3		4

		SON		txav		0.6014		0.7282		0.1822		11		5		2450		490		2		3		4

		SON		tnav		0.6014		0.7106		0.0329		11		7		2450		490		2		3		4

		SON		txq90		0.2173		1.5301		-0.1547		10		6		1225		490		1		3

		SON		tnq10		0.5		1.9725		0.4826		9		6		1225		490		1		1

		SON		tnfd		0.4965		4.7716		-0.3156		10		6		2450		490		2		1		4

		SON		txhw90		0.1974		1.9758		0.3218		9		7		1225		490		1		4

		SON		pav		0.42		0.6814		-0.0558		9		5		1225		489		1		1

		SON		pint		0.0311		1.8816		-0.1346		9		11		1225		489		1		4

		SON		pq90		0.0249		4.3278		-0.3068		10		7		2450		427		2		2		4

		SON		px5d		0.0902		22.4098		-1.9011		10		11		2450		489		2		1		4

		SON		pxcdd		0.2712		6.4885		-0.2677		10		11		1225		489		1		2

		SON		pfl90		0.0114		0.1699		-0.0136		9		8		1225		489		1		4

		SON		pnl90		0.1759		1.7626		-0.1132		10		7		2450		489		2		1		4






