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Introduction

ÅCold vawes have negative effects on human health,
agriculture, infrastructure, and environment.

ÅObjective:

ÅDetectionof changesin cold wavesparametersovera 55-year
period: 1961-2015.



Data and Methods

üStudyArea:
ÅLowland in WesternRomania( 5 weatherstations):

TimiἨoara,Arad,Oradea,SatuMareandCaransebeἨ.

üData:
ÅDaily minimum air temperaturedatabetween1961-

2015:

ÅECA&D (EuropeanClimate Assessment& Dataset)
openaccess: http://eca.knmi.nl;

ÅMeteomanzopenaccess: http://www.meteomanz.com;

ÅData source: NMA (National Metheorological
Administration)

Fig.1. Study Area and the weather stations considered



Data and Methods
üMethods:
ÅIntensity: Coldwaveshavebeenidentifiedbasedon two realtivethresholds:

×Percentilethresholds: 10th, 5th and2th;

×5ÁC belowtheaveragevaluethresholds(WMO definition)

Thebaselineperiodfor intensitythresholdwas1981-2010.

ÅDuration : As durationthreshold,wehavechosenat leastthreeconsecutivedays.
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Data and Methods
ÅSevenparametersof coldwaveswerecalculatedandanalyzed:

Åthetotalnumberof eventsperyear(CWN);

Åcumulateddurationperyear(CWF);

Åmeandurationperyear(CWD_Mean);

Åthelongestyearlyevent(CWD_Max);

Åminimumintensity(CWI_Min);

Åmaximumintensity(CWI_Max);

Åmeanintensity(CWI_Mean).

ÅTo detect trends in cold waves parametersMann-Kendall test andSenôsslope
estimatorwereused

ÅLevelof statisticalsignificanceisŬ=0.05%

ÅSlopesarecomputedperdecade



Results

10th 

percentile 

Weather 

Stations

Mean and Maximum values between 1961-2015 of cold waves parameters

CWN CWF CWD_Mean CWD_Max CWI_Min CWI_Max CWI_Mean

Mean Maximum Mean Maximum Mean Maximum Mean Maximum Mean Maximum Mean Maximum Mean Maximum

TimiἨoara4.8 11.0 20.7 57.0 4.1 6.7 6.4 17.0 -5.6 -3.8 -10.3 -17.4 -7.5 -13.4

Arad 4.0 9.0 16.7 45.0 4.1 8.2 6.1 18.0 -5.7 -4.3 -10.6 -17.2 -7.9 -11.9

Oradea 4.6 10.0 19.9 50.0 4.2 6.2 6.6 17.0 -5.6 -3.9 -10.3 -14.5 -7.6 -11.2

Satu Mare 4.3 10.0 18.7 47.0 4.1 9.5 6.2 19.0 -5.8 -4.0 -12.3 -19.3 -8.6 -13.1

CaransebeἨ4.4 13.0 19.0 49.0 4.4 12.0 6.4 18.0 -5.9 -4.3 -10.0 -15.2 -7.8 -13.5

5th percentile 

Weather 

Stations

Mean and Maximum values between 1961-2015 of cold waves parameters

CWN CWF CWD_Mean CWD_Max CWI_Min CWI_Max CWI_Mean

Mean Maximum Mean Maximum Mean Maximum Mean Maximum Mean Maximum Mean Maximum Mean Maximum

TimiἨoara2.3 11.0 9.2 40.0 4.1 10.0 5.4 17.0 -7.6 -4.9 -11.0 -18.5 -9.1 -15.0

Arad 1.9 6.0 7.5 29.0 4.0 10.0 4.8 11.0 -8.0 -5.0 -11.1 -19.4 -9.5 -18.1

Oradea 1.9 6.0 8.0 29.0 4.1 8.0 5.0 12.0 -7.9 -4.4 -10.8 -17.2 -9.3 -15.2

Satu Mare 2.5 9.0 9.6 31.0 3.9 6.0 4.1 10.0 -8.2 -4.6 -12.8 -20.8 -10.4 -19.0

CaransebeἨ2.1 9.0 8.0 31.0 4.1 14.0 4.8 14.0 -7.8 -5.1 -10.6 -17.0 -9.2 -13.6

2th percentile 

Weather 

Stations

Mean and Maximum values between 1961-2015 of cold waves parameters

CWN CWF CWD_Mean CWD_Max CWI_Min CWI_Max CWI_Mean

Mean Maximum Mean Maximum Mean Maximum Mean Maximum Mean Maximum Mean Maximum Mean Maximum

TimiἨoara1.2 6.0 4.5 24.0 4.0 8.0 4.4 8.0 -9.8 -5.6 -12.1 -23.6 -10.8 -18.5

Arad 0.8 3.0 3.0 18.0 3.8 8.0 4.1 11.0 -10.4 -6.0 -11.3 -20.5 -10.8 -20.5

Oradea 0.9 4.0 3.4 14.0 3.9 6.0 4.1 6.0 -9.3 -5.0 -11.1 -17.2 -10.2 -17.2

Satu Mare 1.0 4.0 3.7 13.0 3.9 8.0 2.3 8.0 -11.9 -19.4 -13.3 -20.8 -10.5 -6.4

CaransebeἨ2.1 9.0 8.0 31.0 4.1 14.0 4.8 14.0 -7.8 -5.1 -10.6 -17.0 -9.2 -13.6

5 °C below 

the average 

value 

Weather 

Stations

Mean and Maximum values between 1961-2015 of cold waves parameters

CWN CWF CWD_Mean CWD_Max CWI_Min CWI_Max CWI_Mean

Mean Maximum Mean Maximum Mean Maximum Mean Maximum Mean Maximum Mean Maximum Mean Maximum

TimiἨoara3.9 9.0 18.1 49.0 4.6 10.0 7.4 24.0 -6.9 -5.5 -10.2 -15.1 -8.3 -12.1

Arad 4.1 9.0 18.4 45.0 4.6 14.0 6.7 20.0 -6.9 -5.2 -10.2 -16.3 -8.3 -12.4

Oradea 4.5 10.0 21.4 51.0 4.7 9.5 7.6 22.0 -6.5 -5.2 -10.2 -13.6 -8.1 -11.2

Satu Mare 4.4 11.0 22.7 58.0 5.1 15.3 8.1 22.0 -6.7 -5.3 -11.8 -16.5 -9.0 -12.8

CaransebeἨ4.3 12.0 19.7 45.0 4.8 10.0 7.3 18.0 -6.6 -5.6 -10.0 -15.2 -8.1 -12.2



Results: changes in moderatecold waves

Fig.2. Trends in CWs parameters for 10th percentile for baseline period 1981-2010

Tab.1. Slope values for 10th percentile

Note: Bold values are statistically significant

Percentile (10) 1981-2010

Weather 

Stations
CWN CWF CWD_Mean CWD_Max CWI_Min CWD_Max CWI_Mean

TimiἨoara-1.111 -5.385 -0.122 -0.455 -0.324 0.393 -0.030

Arad -0.556 -2.432 -0.046 0.000 -0.079 0.130 -0.056

Oradea -0.588 -2.941 -0.114 -0.417 -0.041 0.224 -0.088

Satu Mare -0.588 -3.000 -0.143 -0.370 -0.081 0.199 0.011

CaransebeἨ-0.417 -2.558 -0.195 -0.667 -0.146 0.199 -0.045



Results: changes in strong cold waves

Tab.2. Slope values for 5th percentile

Note: Boldfacevalues are statistically significant

Fig.3. Trends in CWs parameters for 5th percentile for baseline period 1981-2010

Percentile (5) 1981-2010

Weather 

Stations
CWN CWF CWD_Mean CWD_Max CWI_Min CWD_Max CWI_Mean

TimiἨoara0.000 0.000 -0.056 -0.206 -0.299 0.414 -0.067

Arad 0.000 0.000 0.000 0.000 -0.300 0.218 -0.130

Oradea 0.000 0.000 0.000 0.000 -0.343 -0.146 -0.347

Satu Mare 0.000 0.000 0.082 0.000 -0.075 0.546 0.162

CaransebeἨ 0.000 0.000 0.000 0.000 -0.041 0.111 0.067



Results: changes in severe cold waves

Fig.4. Trends in CWs parameters for 2th percentile for baseline period 1981-2010

Tab.3. Slope values for 2th percentile

Note: Boldfacevalues are statistically significant

Percentile (2) 1981-2010

Weather 

Stations
CWN CWF CWD_Mean CWD_Max CWI_Min CWD_Max CWI_Mean

TimiἨoara0.000 -1.220 0.000 -0.217 -0.433 0.491 -0.015

Arad 0.000 0.000 0.000 0.000 -0.020 -0.161 -0.038

Oradea 0.000 0.000 0.000 0.000 -0.304 -0.322 -0.314

Satu Mare 0.000 0.000 0.077 0.000 0.508 0.648 0.629

CaransebeἨ0.000 -0.938 0.000 0.000 -0.041 0.111 0.067



Results: changes in cold waves based on 5 ÁC bellow the average

Fig.5. Trends in CWs parameters based on5 ÁC bellow the average 1981-2010

Tab.3. Slope values for 5 ÁC bellow the average 

1981-2010

Note: Boldfacevalues are statistically significant

5 °C bellow the average 1981-2010

Weather 

Stations
CWN CWF CWD_Mean CWD_Max CWI_Min CWI_Max CWI_Mean

TimiἨoara-0.714 -3.846 -0.017 0.000 -0.032 0.369 0.130

Arad -0.769 -2.941 0.000 0.000 -0.246 0.165 -0.068

Oradea -0.606 -2.600 -0.044 -0.370 -0.148 0.240 -0.063

Satu Mare -0.357 -2.222 -0.085 0.000 0.020 0.494 0.339

CaransebeἨ0.000 -1.277 0.000 0.000 0.027 0.191 0.079


