Time series data

The Benefits and Problems of
Persistence

Key time series property:
Persistence

* Persistence over time (trends)

* Persistence in cycle

Both allow for excellent explanatory power of
time series data

* Also produce persistence in errors
— Cov(e.y,8)70

* Persistence can produce spurious correlation
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[* generate In of outcomes
. gen rwagel=In(rwage)

| gen prodl=In(productivity) Look at the R-squared

. * run a model of productivity
. * on just a time trend

. * see how well it fits

. reg prodl time

Source | SS df MS Number of obs = 61
------ — FC 1, 59) = 4128.39
Model | 7.79439507 1 7.79439507 Prob > F =_0.0000
Residual | .1113919 59 .001887998 —squared = 0.9
______ +. - ) = -
Total | 7.90578697 60 .131763116 Root MSE = 04345

[95% Conf. Interval]

Std. Err. t P>]t]
— + =
time | .020302 .000316 64.25 0.000 .01967 .0209346
_cons N 54 -0112649 327.12 0.000 3.662413

3.707495

Interpret coefficient




Plot: In(Productivity) and Predicted Value
* output predicted value 6
predict prodl_pred
option xb assumed; fitted values)
*output predicted values to csv
* file to graph in pretty graph = 51
outsheet time year prodl prodl_pred using predict_value.csv, comma £
£ Actual
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Output the predicted values from the regression, then Predicted
Output them to a csv file to be used in excel
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Quarisrly US Population (x 1000)
3I50CCC
. reg population time
Source | SS df MS Number of obs
+ F( 1, 206)
Model | 3.0705e+11 1 3.0705e+11
300000 Residual | 1.5447e+09 206 7498534.91 0
+: Adj R-squared 0.
Total | 3.0860e+11 207 1.4908e+09 Root MSE 2
g
» population | Coef. Std. Err. t  Polt] [95% Conf. Interval]
Em
E] e | 639.8904 3.162196  202.36 > 0.000 633.656 646.1248
z - - 0.000 176033.4 177536.2
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Real per capita Retail Sales

$750 reg Ir_retail_capita _I* time unrate
Source | SS df MS Number of obs = 1
+ F( 13, 154) = 514.11
$700 Model | 2.06236449 13 .158643422 p
Residual | .047521099 154 .000308579
» R-sq
:_T; $650 - Total | 2.10988559 167 .012634045 Root MSE 01757
3
< $600 Coef. Std. Err. t P>|t] [95% Conf. Interval]
©
] _lImonth_2 | -.0202347 .0066395  -3.05 0.003 -.033351 -.0071183
& $550 “Imonth_3 0899394  .0066398  13.55  0.000 0768226 1030562
< 0861822 .00664  12.98  0.000 .073065 0992995
- 1351768  .0066405  20.36  0.000 1220585 .1482952
s 1094872 .006641  16.49  0.000 0963681 1226064
o $500 - .1074848  .0066416 16.18  0.000 .0943643 .1206053
x “Imonth_8 1316515  .0066427  19.82  0.000 .118529 .144774
_Imnnfh_Q 0720061 0066434 10.84 0.000 0588821 0851301
$450 _Imonth_10 1109814  .0066449  16.70  0.000 0978546 1241082
“Imonth_11 1427717  .0066459  21.48  0.000 1296427 1559006
_Imonth_12 3417103  .0066471  51.41  0.000 328579 3548416
T — ,fime | .001Zs2 0000319 41.24 0.000 0012822 .0037E:
1992 1994 1996 1998 2000 2002 2004 —cons 8.11711 0112221  723.31 _ 0.000 8.094941  8.139279
Month 10
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Fraction of Deaths by Day of the Week

Figure 1: Relative Daily Mortality Risk by Day in Relation to the Start of the Month,
1973-2005 Mortality Detail, All Deaths, All Ages

. * construct month and weekday dummy variables
. xi i.month i.weekday
month _Imonth_1-12

-weekday _lweekday_1-7

(naturally coded; _Imonth_1 omitted)
(naturally coded; _lIweekday 1 omitted)

. * construct variable for the 1st week of the month
. gen firstweek=(day>=1&day<=7)

. gen sept911=(month==9¢day==11&year==2001)

Given a variable x that has k unique values,

the xi command in STATA will generate a series of
k-1 dummy variables, one for each unique value
With the smallest value set as the reference group
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Month Days in Relation to the First of the Month
13 14
reg lcounts trend sept911 firstweek _I*
. * get log of counts Source | Ss df Ms Number of obs 12053
. gen lcounts=In(counts) +o——= F( 20, 12032

-—= 4084.99

Model | 127.396712 20 6.36983559 B

Residual | 18.7618363 12032 .001559328
S

R-squared

Total | 146.158548 12052 .012127327 Root MSE 03949
Icounts | Coef. Std. Err. t P>]t] [95% Conf. Interval]
trend | .0007336 3.15e-06 233.04 |0.000 .0007275 .0007398
sept9ll | - 3857986 .0395213 9.76 |[0.000 -3083306 .4632667
firstweek . 0052759 . 0008548 0.000 -0036003 -0069515
0.000 -.0295514 -.022541
0.000 -.0672597 -.0604147
DELETE SOME RESULTS
_Imonth_11 | -.11388 .0017608 -64.68 0.000 -.1173314  -.1104286
_Imonth_12 | -.0493627 .0017464 -28.27 0.000 -.0527859  -.0459396
_Tweekday 2 | .0113788 001346 8.45  0.000 0087405 0140171
DELETE SOME RESULTS
| lweekday 6 | -010537 .001346 7.83 0.000 .0078987 .0131753
_lweekday_7 | .0225822 .001346 16.78  0.000 .0199439 .0252205

_cons | 8.641988 001646 5250.26  0.000 8.638761 8.641%214




Great Britain --1947

* Raised compulsory education age from 14-15

* Within a year — education levels for the country
increased

* Did this generate better outcomes?
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Figure 1: % Newborn Discharged Early,

Figure 4: % Newborns Readmitted within 28-Days,
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Moving average: a=0.5, epsilon ¢~N(0,1) Time Series of 1st Difference In(Per Capita Retail Sales)
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Quarterly US Population (x 1000
350000 v P ¢ ) Quarterly Real per Capita GDP (2005$)
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Time Series of In(Per Capita Retail Sales)

Time Series of 1st Difference In(Per Capita Retail Sales)
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Series Y2

Series Y3
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Yi =a+ oY, VY,

First-Difference Series Y1

Coefficient P-value, N
Series (std error) on p H,: p=1
Y1 - It y ‘ ‘ It
N M- ful 1 g_ IJH A HH i ,,M H[Hllm i | 4 \M g
2 S m H ! | I7 \,.
1
Y3 2]
Y4 N 101 201 301
— Time w
First-Difference Series Y2 OLS — Levels on Levels
3 coefficients (standard errors)
5] Dependent Variable
Ind.
14 1 1 | Var. vyl y2 y3 v4
HE) M l "'\V' ‘” I'h ‘! “ | J‘ U‘ N J i JH 1 w l M ‘M"‘ vl 0.134 0.274 0.461
z * | * “ ki (0.124) 0.140) (0.149)
1 ‘ ‘ 2 0.022 -0.854 0.823
N (0.020) (0.037) (0.045)
y3 0.034 -0.668 -0.532
3 - - ” 0.018) (0.029) (0.047)
Time y4 0.051 0.559 -0.463
% (0.016) (0.030) (0.041) 40
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OLS — Differences on Differences

coefficients (standard errors)

Series 1

Dependent Variable
Ind.
Var. Ayl Ay2 Ay3 Ay4
Ayl -0.046 0.045 0.006
(0.051) (0.051) (0.047)
Ay2 -0.044 0.011 0.005
(0.049) (0.051) (0.047)
Ay3 0.043 0.011 -0.003
(0.049) (0.049) (0.047)
A4 0.067 0.006 0.004 * time
(0.0 52) (0.0 53) (0.0 5 4) 41 —y(O)=y(t-1)+e() Y()=0.5%y(t-1)+e(t)
Series 1 Series 2
10 - 20 -

-30

time

—y(O)=y(t-1)+e(t) Y([)=0.5%y(t-1)+e(t)

time

—y(O)=y(t-1)+e()) Y()=0.5y(t)+e(t)
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Series 2 Series 3
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Daily Close Price DJIA, 1990-1992

$3,500
. * notice the variable time. the first day is
. * 1, the second day 2, etc.
. * define the data as time series
. * the variable time is the index
$3,000 . tsset time
g time variable: time, 1 to 14362
< delta: 1 unit
H
o
o
>
i
a
$2,500
$2,000
1990 1991 1992 50
Model (2) Model (2)

Generating lags in STATA

* Data set needs to be identified as a time-seties
(tsset)

* Given variable z
* One period lag
gen zlagl=z|_n-1]

* Five period lag
gen zlag5=z|_n-5]

51

Yi =+ Py, &

H,:p=1
H,:p<l

Yi—=Yia=a+t oY~ Yt &
Ayt =a+ (p_l)yt—l +&
Ay, =a+0y,, +¢

H,:0=0
H,:6<0

52
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* take the In of the daily closing price
gen In_close=In(close)

* get the 1st difference
gen In_close_1=In_close[ n-1]

* get the 1st difference
gen d_In_close=In_close-In_close_1

* get the lag of the 1st difference
gen d_In_close_1=d_In_close[ n-1]

- * test for random walk

- * run a regression of change In(closing price)
. * on one period lag

. reg In_close In_closel

Source | SS df MS Number of obs = 14361
+ E
Model | 18001.7298 1 18001.7298
Residual | 1.18771395 14359 .000082716 R-squared
+ Adj R-squared
Total | 18002.9175 14360 1.25368507 Roe SE
In_close | Coef. Std. Err. t  P>lt] [95% Conf. Interval]

osel | 999874 .0000678 - 0.000 -9998545 1.00012
— .0004995 0.76 0.446 -.0005984 .00136

In_closel = 1
FC 1, 14359) 0.03

Prob > F = 0.8520

53 54
- * now run model where null is transformed into O
reg d_In_close In_close_1
. * now get dickey fuller test
Source | ss df MS Number of obs = 14361 - dfulller In_close
+ F( 1, 14359) 0.03
Model | 2.8777e-06 1 2.8777e-06 Prob > F 0.8520 Dickey-Fuller test for unit root Number of obs = 14361
Residual | 1.18771395 14359 .000082716 R-squared = 0.0000
+. Adj R-squared -0.0001
Total | 1.18771682 14360 -00008271 Root MSE = .00909
d_In_close | Coef. Std. Err. t P>|t] [95% Conf. Interval] ()
+
In_close_1 | -.0000126  .0000678 -0.19 0.852 -.0001455 0001202 MacKinnon approximate p-value for Z(t) = 0.9401
_cons | .0003808 .0004995 0.76 0.446 -.0005984 .00136
55 56
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1st difference In(Daily Closing in DJIA) 1950-2007
~7gen d_In_close_1=d_In_close[_n-1] 0.15 -
1 missing value generated)
. reg d_In_close d 0.1
Source | Ss df MS Number of obs = 14361
F( 1, 14359) = 69.45 0.05
Model | .005717215 1 .005717215 Prob > F = 0.0000
Residual | 1.18199961 14359 .000082318 R-squared = 0.0048 —_
Adj R-squared = 0.0047 < 0
Total | 1.18771682 14360 .00008271 Root MSE = .00907 3
< 005
Coef. mt\bm [95% Conf. Interval] 8
In_close_1 | .0693792 .008325 8.33 .000 .0530611 .0856972 % 0.1
02687 55 0.000 .0001202 .0004171 E
B 045
0.2
-0.25
-0.3
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
57 Year
1st difference In(Daily Closing in DJIA) 1990-1992
0.05 -
productivity.dta
0.04
0.03 .o .
* Annual data on productivity index and mean real
< 0.02
z
8 oo wages, 1947-2007
= 0.
£
3 ¢ Index variable time =1 in 1947, 2=1948....
c 0 >
]
5 . . . .
£ 001 * Need to “tsset” time series data and identify the
> . .
- .02 index that orders time
-0.03
-0.04
- _
0.05 - tsset time
S S S S S S S S S S - time variable: time, 1 to 61
AT e et @ AT e 6T et et 0 a6t AT O A ; -
- delta: 1 unit
Month:Year 60




Time Series: Productivity and Wage Index

* generate In of outcomes
gen rwagel=In(rwage)

Notice the excellent fit

160 . gen prodl=In(product
140 4 . reg rwagel time prodl
120 J Source | ss df S Number of 61
—————— + -— FC 2, 2083. 25
s Model | 4.65023272 2 2.32511636 Prob > F 0.0000
S 100+ Real wage index Residual | .06473372 58 .001116099 R-squared 0.9863
I P P il R I S + -— Adj R-squared 0.9858
3 80 Total | 4.71496644 60 .078582774 Root MSE = .03341
R e (Y (N N
] ] -
2 60 Productivity index rwagel | Coef. Std. Err. t P>t] [95% Conf. Interval]
40 time | -.0147661 -0020467 -7.21  0.000 -.018863 -.0106692
prodl | 1.479204 -1000978 14.78 0.000 1.278837 1.679572
20 1 cons | -1.531055 \3689574 -4.15 0.000 -2.269604  -.7925068
0+
1947 1952 1957 1962 1967 1972 1977 1982 1987 1992 1997 2002 2007 Interpret the coef. on prodl
Year
61 62
. * regress levels on ist differences . * regress 1st differences on lags and a trend
. reg rwagel time rwagell . reg drwagel time rwagell
Source | ss df NS Number of obs = 60 Source | ss df Ms Number of obs = 60
+ FC 2, 57) =12947.36 + FC 2, 57) = 9.77
Model | 4.32027231 2 2.16013616 Prob > F = 0.0000 Model | .003258489 2 .001629244 Prob > F = 0.0002
Residual | .009509872 57  .00016684 R-squared = 0.9978 Residual | .009509872 57  .00016684 R-squared = 0.2552
+ Adj R-squared = 0.9977 + Adj R-squared = 0.2291
Total | 4.32978218 59 .073386139 Root MSE = .01292 Total | .012768361 59 .000216413 Root MSE = .01292
rwagel | Coef. std. Err. t P>|t] [95% Conf. Interval] drwagell | Coef.  sStd. Err. t P>1t| [95% Conf. Interval]
+ +
time |  .0004911  .0003717 1.32  0.192  -.0002532  .0012354 time |  .0004911  .0003717 1.32  0.192  -.0002532  .0012354
rwagell |  .9446265 .0233767  40.41  0.000 .8978154 9914375 rwagell | -.0553735  .0233767 ~ -2.37 0.021  -.1021846  -.0085625
_cons | .2443952 .0912928 2.68 0.010 .0615845 .4272059 _cons | .2443952 .0912928 2.68 0.010 .0615845 .4272059
. reg prodl time prodil . reg dprodl time prodll
Source | Ss df MS Number of obs = 60 Source | SS df MS Number of obs = 60
+ FC 2, 57) =18572.67 -+ Fi 2, 57) = 3.97
odel | 7.39083745 2 3.69541873 Prob > F = 0.0000 Model | .001579428 2 .000789714 Prob > F = 0.0243
Residual | .011341335 57 .000198971 R-squared = 0.9985 Residual | .011341335 57 .000198971 R-squared = 0.1222
+ Adj R-squared = 0.9984 + Adj R-squared = 0.0014
Total | 7.40217879 59 .125460657 Root MSE = .01411 Total | .012920763 59 .000218996 Root MSE = .01411
prodl | Coef. std. Err. t Pl [95% Conf. Interval] dprodl | Coef. std. Err. t Pt [95% Conf. Interval]
+ +
time | .001841  .0008647 2.13  0.038 0001095  .0035726 time | .001841  .0008647 2.13  0.038 0001095 .0035726
prodll |  .9011966 .0422653  21.32  0.000 .8165617  .9858315 prodll | -.0988034 .0422653  -2.34 0.023  -.1834383 -.0141685
_cons | .389113 .1549295 2.51 0.015 .0788721 .699354 _cons | .389113 .1549295 2.51 0.015 .0788721 .699354
63 64
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. * now get dickey fuller tests with a trend
. dfuller rwagel, trend
Dickey-Fuller test for unit root Number of obs = 60

- Interpolated Dickey-Fuller --

Test al 5% Critical 10% C:
Statistic Value Value Value
z(t) -2.369 -4.128 -3.490 -3.174

MacKinnon approximate p-value for Z(t) = 0.3964
. dfuller prodl, trend

Dickey-Fuller test for unit root

Number of obs = 60

Test
Statistic

z(t) -2.338 -4.128 -3.490 -3.174

MacKinnon approximate p-value for Z(t) = 0.4132

. * now difference data

: gen drwagel=rwagel-rwagell
(1 missing value generated)

. gen dprodl=prodl-prodl1l
(1 missing value generated)

65 66
* run regression of diff on diff
reg drwagel time dprodl Time Series: 1st Difference in logs: Productivity and Real Wages
Source | SsSs df MS Number of obs 60
+: FC 2, 57) 17.71 0.07
Model | .004894165 2 .002447082 Prob > F 0.0000 .
Residual | .007874197 57 .000138144 R-squared 0.3833 0.06 1 "
777777 + Adj R-squared 0.3617 K
Total | .012768361 59 .000216413 Root MSE .01175 0.05 1 o Ain(Real wages)
______ - . 004 L
drwagel | Coef. Std. Err. Tt P>|t] [95% Conf. Interval] 2 0.03 N
""" + - s L
time | -.000284 -0000893 -3.18 0.002 -.0004629  -.0001051 ‘o
dprodl | -4548905 .1054274 4.31 0.000 .2437759 .6660052 2 0.02 1
_cons | -0159993 .0042484 3.77 0.000 .0074921 .0245065 g 0.01
______ — £ O
H
04
-0.01 +
0.02 4 Aln(Productivity)
B o e 0 N N L N
1947 1952 1957 1962 1967 1972 1977 1982 1987 1992 1997 2002
Year
67 68
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Index, 1992=100

Productivity and Wage Index
1947-2007
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Two variables:

year
avg_lemp_f Source Ss df MS Number of obs = 133
F(5, 127) = 197.40
Model | 31.4589038 5 6.29178077 Prob > F = 0.0000
Residual | 4.04789829 127 .031873215 R-squared = 0.8860
Adj R-squared =  0.8815
Total | 35.5068021 132 .268990925 Root MSE = .17853
* set the time series avg_temp_f Coef.  Std. Err. t P>|t] [95% Conf. Interval]
tsset year
time 0195374  .0022199 8.80  0.000 0151447  .0239301
* - time2 .0003794  .0000608 6.24  0.000 .000259  .0004998
gen!_srafe some time trends time3 0016513 .002339 0.71 0.481  -.0029771  .0062797
gen time=year-1979 time4 | -84.83526 52.42066  -1.62 0.108  -188.5663  18.89576
gen time2=time*time time5 | -7.97e+07  3.11e+07  -2.56 0.012  -1.41e+08 -1.81e+07
gen time3=time2*time/1000 _cons 57.42266  .0309648 1854.45  0.000 57.36139 57.48394
gen time4=time3*time/1000000
gen time5=time4*time/100000000
* run high-order polynom
reg avg_temp_f time* 73 74
Actual and Predicted Work Temperatures,
5th order Polynomial in Time
59.0 dfuller avg_temp_f
58.5 : Dickey-Fuller test for unit root Number of obs = 132
—————————— Interpolated Dickey-Fuller -
58.0 Test 1% Critical 5% Critical 10% Critical
.‘a:, Statistic Value Value Value
<
S 575 z(t) -1.652 -3.499 -2.888 -2.578
©
“'; 57.0 MacKinnon approximate p-value for Z(t) = 0.4558
g
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* get lag
gen avg_temp_f_l=avg_temp_f[_n-1]

1st Difference in Average World Temperatures
in Degree Farenheit,1980-2012

* get 1st different 0.6
gen d_avg_temp_f=avg_temp_f-avg_temp_f_ 1
* get dickey fuller of 1st difference 0.4
dfuller d_avg_temp_f
* run regression % 0.2
reg d_avg_temp_f time % /‘ A A
w |
o 0.0
CTTHN
. * get dickey_fuller of 1st difference g
. dfuller d_avg_temp_f Q.2
Q0
Dickey-Fuller test for unit root Number of obs = 131
————————— Interpolated Dickey-Fuller -------—- -0.4
Test ical 5% Critical 10% Critical
Statistic Value value Value
2(0) -15.129 -3.500 -2.888 -2.578 0.6
1881 1901 1921 1941 1961 1981 2001
77 Year
Question
What does it mean if temperatures
follow a random walk?
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