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General Questions

1. To what extent can the higher variability and potential outliers, par-

ticularly in winter months, be explained by time series models as due

to severe weather e®ects?

2. How does modeling, and possibly adjusting for, weather e®ects a®ect

seasonal adjustments?

Focus will be on results for the Midwest and Northeast regions.

3



Previous Research on Weather E®ects on Housing Starts

1987 Goodman, John L. \Housing and the Weather,"

.

1989 Cammarota, Mark T. \The Impact of Unseasonable Weather on Housing Starts,"

.

1996 Coulson, Edward N. and Richard, Christian \The Dynamic Impact of Unseasonable

Weather on Construction Activity," .

1999 Fergus, James T. \Where, When, and by how Much Does Abnormal Weather

A®ect Housing Construction?" .

General ¯ndings: some evidence of e®ects of unseasonal weather, espe-

cially in winter and for the colder regions.
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Other Research on Weather E®ects on Economic Time Series

² Ewing et al. (2007): e®ects of severe wind events on housing price

indices

² Bertrand et al. (2015): e®ects of unusual temperatures on apparel

sales in France

² Appelqvist et al. (2016): weather e®ects on sporting goods sales in

Finland and Switzerland

² Arunraj and Ahrens (2016): weather e®ects on food and fashion retail

sales in Germany
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Other Research on Weather E®ects on Economic Time Series

² Sandqvist and Siliverstovs (2018): weather e®ects on Swiss retail sales

² Steinker et al. (2017): weather e®ects on e-commerce fashion retail

sales

² Moon et al. (2018): weather events and grocery shopping

² Boldin and Wright (2015): adjusting employment time series for sea-

sonal and weather e®ects

² Schreiber (2017): seasonal and weather adjustment of German eco-

nomic series
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RegARIMA modeling of weather e®ects
(Pang, Bell, and Monsell, CSRM Research Report #2022-01)

= x0 +

² = log(housing starts for month length of month )

² x contains TD and regional weather regressors (plus an AO for June

2008 in Northeast)

² (1¡ )(1¡ 12) = (1¡ 1 )(1¡ 12
12) (airline model)
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Weather Data (1)

▶ Weather data sourced from NOAA website

▶ Weather stations, 16 weather variables considered

Temperature Precipitation Snow

#(days min ≤ 0 F) (DT00) #(days ≥ 0.1 in) (DP01)
#(days min ≤ 32 F) (DT32) #(days ≥ 0.5 in) (DP05)
#(days max ≤ 32 F) (DX32) #(days ≥ 1.0 in) (DP10)
#(days max ≥ 90 F) (DT90)
Max daily (EMXT) Max daily (EMXP) Max depth (MXSD)
Min daily (EMNT)
Mean max (MMXT)
Mean min (MMNT)
Mean (MNTM)

Total (TPCP) Total (TSNW)



Regional weather e®ect regressors selected
(best 3 variable models)

Midwest

( = ¡6.0)DX32: # days with high temperature 32±

MXSD: maximum snow depth ( = ¡4.5)

DP01: # days with precipitation 0 1 inch ( = ¡4.4)

Northeast

DX32: # days with high temperature 32± ( = ¡8 0)

MXSD: maximum snow depth ( = ¡1 1)

TPCP: total precipitation ( = ¡2 8)
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AO outliers without and with weather e®ects in models

Midwest (9 AOs without, 4 with)

without Mar 1960 Jan 1963 Jan 1977 Jan 1979 Feb 1979

with { { { { {

without Feb 1982 Jan 2011 Jan 2013 Jan 2014

with Feb 1982 Jan 2011 Jan 2013 Jan 2014

Northeast (7 AOs without, 3 with)

without Jan 1978 Feb 1978 Feb 1980 Feb 1981 Jan 1982

with { Feb 1978 Feb 1980 Feb 1981 {

without Jan 2009 Feb 2015

with { {
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New results on modeling seasonal heteroskedasticity
in U.S. regional housing starts

Airline + RegComponent model:

= x0 + +
2S

² and x as before (with no weather regressors in x )

² = 1 for » calendar month for = 1 2 12

² » (0 2)

² S µ f1 2 12g
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Algorithm to determine months with
seasonal heteroskedasticity

Start with S = f1 2 12g

1. Fit airline + month speci¯c seasonal noise model

2. Find month with the lowest estimated 2

3. Drop this month from the set S

4. Repeat steps 1{3 until S is empty, then ¯t the model with no seasonal

noise terms.

5. Compare the 13 ¯tted models using AIC or BIC.
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Algorithm to determine months with
seasonal heteroskedasticity

Midwest total housing starts, 1/1959 { 12/2019

# months with seasonal noise

12 11 10 9 8 7

month to drop Jul Oct Aug Jun Sep May

100£ ^2 . . . . . . . . . 12 26 39

# months with seasonal noise

6 5 4 3 2 1

month to drop Apr Mar Nov Dec Feb Jan

100£ ^2 55 55 56 1 82 4 08 6 04
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Remaining Questions

1. Do we need both weather e®ect regressors and seasonal noise in the

models for Midwest and Northeast housing starts?

2. How does modeling, and possibly adjusting for, weather e®ects a®ect

the resulting seasonal adjustments and trend estimates?
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Estimating models with weather e®ects
and seasonal heteroscedasticity

Midwest

weather seasonal -statistics seasonal variances

e®ects? heterosc? ^
32

^ ^
01 ^2 ^2 ^2

yes no ¡6 0 ¡4 5 ¡4 4 { { {

no yes { { { 075 042 017

yes yes ¡4 5 ¡3 6 ¡5 1 052 025 008
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Estimating models with weather e®ects
and seasonal heteroscedasticity

Northeast

weather seasonal -statistics seasonal variances

e®ects? heterosc? ^
32

^ ^ ^2 ^2 ^2

yes no ¡8 0 ¡1 1 ¡2 8 { { {

no yes { { { 050 062 013

yes yes ¡6 0 ¡2 0 ¡3 1 026 052 010
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Comparing the models

and di®erences from the model with neither

weather e®ects nor seasonal heteroskedasticity

weather seasonal Midwest Northeast

e®ects? heterosc? ¢ ¢ ¢ ¢

no no { { { {

yes no -143 -129 -83 -70

no yes -172 -159 -78 -64

yes yes -264 -237 -138 -111
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Conclusions

1. Both explicitly modeled weather e®ects and heteroskedastic seasonal

noise were found to be very signi¯cant for modeling Midwest and

Northeast housing starts.

² Explicitly modeled weather e®ects explained some, not all, outliers

² Seasonal noise re°ected a larger amount of variation in housing

starts than the modeled weather e®ects, especially for the Midwest.
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Conclusions

2. Should we adjust for weather e®ects and/or seasonal noise?

² Depends, in principle, on the objectives of the data user

² The examples illustrate that adjusting for weather e®ects and

seasonal noise can have substantial e®ects for some time series. In

the housing starts example, these e®ects were more consequential

than a decision about choosing between X-11 and model-based

adjustment.
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Things not covered in this presentation:

• Results for the South and West regions

• Results for other types of structure (5+, etc.)

• Results for Building Permits – strong seasonal noise for Midwest and 
Northeast

• Allowance for sampling error components in the models
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