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Introduction

In CRC Project CML38-16-2, DRI analyzed meteorological data from twey2ar periods to

determine when (month), where, and to what exerttienttemperatures have changed throughout
the U.S. The period of 195069 was called the Doner Era; the period2862015 was called the
Modern EraThis analysis was done using three temperature metrics:{)ed6entile hr

maximum temprature (2) 10" percentile 2hr minimum temprature and (3) 18 percentileé-hr

minimum temgrature Our intent was to ajire data from the same weather stations as used by John
P. Doner in his 1972 report, and to utilize data processing methods similar to those employed by
Doner.

After completing this project, it was discovered that the methodology we used to detetmine 6
minimum temperatureTtin) values differed from @t used by Doner. Specifically, we used the mean
temperature of the coldest®ur period within a day, whereas Doner used the maximum
temperature of the coldest®ur period. Consequently;8 Tmin Values calculated by DRI are

biased low compared to values calculated by Doner. To address this discrepancy, we repeated our
analysis of the 1Dpercentile éhr Tmin metric for both the Doner Era and the Modern Era. This

report addendum summarizexsr re-andysis efforts and results.

Data Analysis Methodology

The final report for CRC Project Cl#138-16-2 describes the methodology used to select the weather
stationgncludedin the study, acquire relevant temperature data from these stations, and apply data
acceptance criteria to eliminaitgcomplete or unreliable records.givenstation was included in our
analysis only if it met a 50% data completeness threshold during both the Doner Era and the Modern
Era. A total of 20 stations met this requirement for thé6Tmin metric.

To calculate ér Tmin values, each 2Aour day wadirst defined as consisting of nineteet6

moving time windows from midnight to midnight. Each of these 19 time windows inclutidch6r
temperature measurhemepretrsi.odloh evifichalnd eshte 6day was
window having the loweshean temperatur®Vhile not entirely certain, we believe tlasois the

method used by Doner to define the coldebkt feriodwithin each day

Once the coldest-br period was determined for each station and day, Doner selected the maximum
temperaturavithin this window as the-6r Tmnv al u e . Il n DRI 6s original ana
temperature within thi-hr window was selected as then6 Tmin Value. Inourre-analysis, the

maximum temperature was selecteahsistent with th®onermethodology The renainingdata

analysis waperformedas described in the Final Report. Briefly, &r Tmnin data from a given

stationduring each 2ear periodvere binned by month, and cumulative frequency distribatidn

the data wreused to select the @ercentie 6-hr Tmin valuefor each month(As in the original

study, periods of Sept-15 and Sept. 280 were also analyzédifferences in these ¥(ercentile

6-hr Tmin values were then determined between the Doner Era and the Modern Era.

Results

Results from our original analysis of1percentile éhr Tmin values are included im@bular form in
the Final Report for CRC Project CM38-16-2. Specifically, Table 1-3in the reporincludes 10"



percentile éhr Tmin Values for each station and mouliring the Doner Era, Table-@ includes

similar values for the Modern Era, and Tablé ihcludes differences in these values between the
Doner and Modern Eras. In ouraealysis, we have created revised versions of these three tables,
which are inclded as part of this Report Addendum.

Simple graphical comparisons of thé™ercentile éhr Tmin values calculated using the&o analysis
methods are shown the xy scatter plots oFigures 1aandlb. Figure 1a&hows values from the

209 stations by mnoth during the Doner Era; Figure 1b shows similar values during the Modern Era
As is apparent from these figures, the calculated temperature values are consistently higher when
using the new, ranalysis method.

In Figure 1¢ an xy scatter plot is used tshow differences in ¥percentile éhr Tmin values

between the Doner and Modern Evdsencalculated by theld and newanalysis methodd his

Aidi fference of differenceso analysis shows the
1:1equivalence line, meaning that the overall changes in temperature between the two time periods
are nearly identical, regardless of which analysis approach is used.

Another wayto display the effects of changing the definition &ir6Tmin is shown in Figug 2.

Figure 2a shows differences in thé"Ircentile éhr Tmin values for each station during the Doner
Era as calculated by the two analysis methods. For each month (and half month in Sept.), the re
analysis method gives a value nearRFaigher tharthe original method. The average temperature
difference of the 14 time periods shown in Figure 2a is FE9®With a standard deviation of 0.05.
Figure 2b shows differences inf1percentile énr Tmin values for the same stations during the
Modern Era Again, the reanalysis method gives values approximateli Bigher than the original
method. In this case, the average difference isEQ®ith a standard deviation of 0.3®.

Figure 2c shows differences in"1percentile 6hr Tmin values betweethe Doner and Modern Eras

for each station when calculated using the two different definitionshoflTein. Thi s Adi f f er er
di f f e amalgsts shevis thakery similarresults are calculated, regardless of which metkod

used. The average differamof the 14 time periods shown in Figure 2c i80F, with the re

analysis method showing a slightiygertemperature increase between the Doner and Modern Eras.

Finally, Figure 3 shows checkerboard plots depicting differencesipd@entile éhr Tmin values

between the Doner and Modern Eras by month and PADD. The top checkerboard plot was developed
from our original analysis, using the mean temperature of the coldegiegiod. The bottom plot

was developed from our-analysis, using the maximunmt@erature of the coldestté period.

While some differences can be seen between these two plots, they are very minor and do not change
any of the conclusions stated in the original Final Report.



Figure 1a. 10 Percentile 6hr Tmin values for each statin during the Doner Era (1950969).
Oldmethod (using mean of coldestt@ period)on y-axis; New method (using miaxum of coldest 6hr
period) on xaxis
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Figure b. 10" Percentile 6hr Tmin values for each station during th#odern Era (196-2015).
Oldmethod (using mean of coldestt@ period) on yaxis; New method (using miaxum of coldest 6hr
period) on xaxis
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Figure &. Differences inl0" Percentile 6hr Tmin valuesbetween the Doner and ModernEras

for each station(shown as Modera Doner).
Oldmethod (using mean of coldestt@ period) on yaxis; New method (using miaxum of coldest 6hr

period) on xaxis
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Figure2a. Doner Era Differences ih0" Percentile 6hr Tmin valuesfor 209 stations when
calculated by new method (using maximum of coldesh6 period) compared to old method
(using mean of coldest-&r period)
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Figure2b. Modern Era Differences in0" Percentile 6hr Tmin valuesfor 209stations when

calculated by new method (using maximum of coldesh6 period) compared to old method

(using mean of coldest-&r period)
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Figure2c. Differences inl0" Percentile 6hr Tmin valuesbetween the Doner and Modern eras
for 209 stations whertalculated by new method (using maximum of coldesh6 period)
compared to old method (using mean of coldesth® period)
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Figure 3. Differences in 16 percentile 6-hr T min values between Doner Era (1950969) and
Modern Era (1996-2015) by month and PADD.

1 Top chart based on original analysis method (using mean of coltdegtesiod); Bottom
chart based on fanalysis method (using maximum of coldegtréeriod)

T Note: #fApoOo r ef @vwvakie. Foogrid delis shewing noidat,tp > 0.Gb |

Original Analysis 10th Percentile 6-hour Minimum Temperature Difference
[1996-2015] - [1950-1969] -
us 4.5
4.0
Alaska 3.5
3.0
New England 2.5
2.0
; 1.5
Central Atlantic 10 t
. 05 %
Lower Atlantic ~0.5 5,
, ~1.08
Midwest -1.5
-2.0
Gulf Coast -2.5
-3.0
Rocky Mountain -3.5
-4.0
West Coast —-4.5
= -5.0
5 282833223888 ¢ %
@ p<001 o o
e p<0.05 g g
Max: 7.71 N
Min: -1.20
Re-Analysis 10th Percentile 6-hour Minimum Temperature Difference
[1996-2015] - [1950-1969] 50
us 45
4.0
Alaska 3.5
3.0
New England 2.5
2.0
: 1.5
tral Atlant
Centra antic 10 u‘;
]
Lower Atlantic O.g 5 g
—lo o
-1048
Midwest -15 a
-2.0
Gulf Coast 25
-3.0
Rocky Mountain —-3.5
—4.0
West Coast -4.5
-5.0
c Ko — ‘6_ > c S o [Te} o [o} 0 > )
=22 & F2323 57 838 28
® p<001 o
e p<0.05 A ]
Max: 7.72 2
Min: -0.84

10






