Heat flow and serial
covariance



This week's opbjectives

Carry out a calibration of the thermistors.

Explore Pandas: read, resample and merge time
series data.

Evaluate your temperature time series to observe
the correlation between what you measured and
the outside temperature.

Determine covariance and lagged covariance
between your data and the outside temperature.



Winter heat flow
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Winter heat flow




How well-insulated Is your
home”?

* Does the inside temperature tollow the outside
temperature?

e |sthere atime lag, or does the inside temperature
respond immediately?

 Can we qguantity the insulating properties of your
house”?
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Energy use in the US

U.S. primary energy consumption by source and sector, 2017
Total = 97.7 quadrillion British thermal uriis (Btu)
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Simple heat flow solution

e |[f we assume no furnace,
* No geothermal heat,

e and Its colder outside than inside:

LIRS
dt dA
H = pCpT

AH=pC,(T,,.,~ T, )

Air



Time Series

 Sequential data — often ¥1(t) \/
called “time series

data” even when the
data Is actually

seqguential In space or y,(t)

other dimension. In
general time series

data is any sequential
data. AN /\

y3(t) W V \/ W

Many notes taken from unpublished MS “Quantitative Methods of Data Analysis”, D.G. Martinson



Periodic vSs. Aperiodic
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Continuous vs. discrete

arbilrary amplitude
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Correlation/Covariance
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Correlation/Covariance

» Recall Variance: Var[Y|= E[(Y— E[Y]ﬂ

e Covariance:
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Serial covariance

Decorrelation length — correlation must approach zero and remain
insignificantly different from zero

Test for significance in the correlation between sequential variables

N-3-k — because we calculate mean of both series and chose where to start
the correlation

Maximum correlation between the
T 1 / |two series when shifted by kmay lags

Positive correlation
between the two series
over these lags.

/N

\/ N

This entire time series is significantly correlated
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Time series pre-processing
steps

* All timeseries analysis requires that data be evenly
spaced, with a constant delta t.

o Comparison between timeseries requires both
series to have the same delta t.

e [Imeseries data must be detrended or de-meaned

before carrying out analysis. Result produces
mean = 0.



