
Stata Tutorial:  Session IV 
 

Advanced Topics 
• Panel data & time series operators 
• Generating professional tables 
• Graphing 

  



1) Panel Data & Time Series Operators 
3 Types of Datasets: 
• Cross Sectional:  Many units, one observation each 
 Countries 
 Firms   
 Individuals 

• Time Series:  One unit, many observations each 
 One Country over many years 
 One Firm over many years (or quarters or days) 

• Panel:  Many units, many observations each 
 Also called “cross sectional time series” 
 “Balanced” (equal t) or “Unbalance” (different t) 
 Stata panel commands start with xt 
 x = cross (as in cross sectional) 

  t = time (as in time series)  



1) Panel Data & Time Series Operators 
Why are special commands needed for Panel? 
• You need to tell Stata the structure of the data 
 Time Series 
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1) Panel Data & Time Series Operators 
Why are special commands needed for Panel? 
• You need to tell Stata the structure of the data 
• Time Series: 
 tset year 
 So Stata knows how to treat data: 
 out of order 
 gaps due to missing data 
 operations that use time 
 estimators that use time 

• Panel: 
 encode country, gen(cid)  
  xtset cid year 
  xtdes  /*describes time periods of panels*/ 
 

  



1) Panel Data & Time Series Operators 
If panel is unbalanced, can fill in missing observations 
 tsfill 

or 
 tsfill, full 
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 For each panel, fills in from 
lowest t to highest t. 



1) Panel Data & Time Series Operators 
If panel is unbalanced, can fill in missing observations 
 tsfill 

or 
 tsfill, full 

  

 For each panel, fills in from 
lowest t to highest t. 

 

Finds lowest & highest t’s 
across ALL panels.  Fills 
them all according to those 
values 



1) Panel Data & Time Series Operators 
If panel is unbalanced, can fill in missing observations 
 tsfill 

or 
 tsfill, full 

 
Only fills in panel id variable and time id variable. 
Could fill in others via interpolation or extrapolation: 
 ipolate y x, gen(y2)  /*interpolate only*/ 

 ipolate y x, gen(y3) epolate /*extrapolate too*/ 

Stata also can do multiple imputations with almost any command 
 help mi 

  



1) Panel Data & Time Series Operators 
If panel is unbalanced, can fill in missing observations 
 tsfill 

or 
 tsfill, full 

 
Only fills in panel id variable and time id variable. 
Could fill in others via interpolation or extrapolation: 
 ipolate y x, gen(y2)  /*interpolate only*/ 

 ipolate y x, gen(y3) epolate /*extrapolate too*/ 

Stata also can do multiple imputations with almost any command 
 help mi 

  

Good time to use decode 
to recover name of 

panel variable 



1) Panel Data & Time Series Operators 
If panel is unbalanced, can fill in missing observations 
 tsfill 

or 
 tsfill, full 

 
Only fills in panel id variable and time id variable. 
Could fill in others via interpolation or extrapolation: 
 ipolate y x, gen(y2)  /*interpolate only*/ 

 ipolate y x, gen(y3) epolate /*extrapolate too*/ 

Stata also can do multiple imputations with almost any command 
 help mi 

  

Even more common: 
Replace missing with 0 & 
merge in other data from 

another file 



1) Panel Data & Time Series Operators 
Time Series Operators: 
Once Stata knows time periods (& units, if any), can use 
Lag, Forward & Difference operators 
 
Consider regression model: 

Yit = β0 + β1X1it−1 + ⋯+ βkXkit + εit 
More specifically:  

ln USaidit = β0 + β1 ln GDPit−1 + β2 ln Popit+1 + εit 
 
Regression in Stata: 
reg lnUSaid L.lnGDP F.lnPop 
  



1) Panel Data & Time Series Operators 
Time Series Operators: 
 
ln GDPit−1   L.lnGDP 
ln GDPit−2   L2.lnGDP 
ln GDPit−1  ln GDPit−2  ln GDPit−3   L(1/3).lnGDP 
ln GDPit−1  ln Popit−1   L.lnGDP L.lnPop 
              or       L.(lnGDP lnPop) 
ln GDPit+1   F.lnGDP 
ln GDPit+1  ln GDPit+2  ln GDPit+3   F(1/3).lnGDP 
ln GDPit − ln GDPit−1   D.lnGDP 
ln GDPit−1 − ln GDPit−2   LD.lnGDP 
  



1) Panel Data & Time Series Operators 
Time Series Operators: 
 
ln GDPit−1   L.lnGDP 
ln GDPit−2   L2.lnGDP 
ln GDPit−1  ln GDPit−2  ln GDPit−3   L(1/3).lnGDP 
ln GDPit−1  ln Popit−1   L.lnGDP L.lnPop 
              or       L.(lnGDP lnPop) 
ln GDPit+1   F.lnGDP 
ln GDPit+1  ln GDPit+2  ln GDPit+3   F(1/3).lnGDP 
ln GDPit − ln GDPit−1   D.lnGDP 
ln GDPit−1 − ln GDPit−2   LD.lnGDP 
  

If you want difference across more 
than one period, use S. 

S2.lnGDP = ln GDPit − ln GDPit−2 



1) Panel Data & Time Series Operators 
What happens if L.lnGDP or F.lnGDP or D.lnGDP is missing? 
• If time series, treated as missing 
• If Panel, still treated as missing 
 Does not accidentally draw data from other panels 

 
Stata tracks observations with _n variable 
 gen lag_lnGDP=lnGDP[_n-1] 

is the same as 
 gen lag_lnGDP=L.lnGDP 

except that _n-1 does accidentally draw data from other panels 
  



1) Panel Data & Time Series Operators 
What if my data set does not have a time variable but I still want it 
treated as panel data?  Examples 
• World Bank projects by borrowing country 
• Firms by industry 
• People by city 

Just include the panel id: 
 encode country, gen(cid) 

 xtset cid 

Panel commands will work but lag operators will not. 
 
  



1) Panel Data & Time Series Operators 
What if I don’t have just one variable that can generate a panel id 
but instead two or more? 
 
Example: My panel is city/state, my time is years.  But some city 
names appear in multiple states, e.g., Springfield, so I cannot use 
city alone as the panel variable. 
Option #1:  create new string variable with both city & state: 
 gen CityState=City+State 

 encode CityState, gen(csid) 

Option #2:  do it directly (but then no label on #) 
 egen csid=group(City State)  



1) Panel Data & Time Series Operators 
What if Stata complains about my variables? 
 
 
 
Find repeated values using duplicates command: 
 duplicates examples cid year 

   lists examples with duplicates (often missing values…) 
 duplicates tag cid year, gen(myTag) 

   generates variable tagging # of duplicates 
 duplicates drop 

   drops observations with duplicates 



1) Panel Data & Time Series Operators 
Can I tell Stata what my time units are?  (Year, quarter, month…) 
• If time variable is formatted, automatic 

format %td year 
xtset cid year 

• Or specify in xtset command: 
xtset cid year, yearly  

  



1) Panel Data & Time Series Operators 
Estimation and panel data 

Yit = β0 + β1X1it + ⋯+ βkXkit + εit 
Because we have repeated observations from same groups, very 
likely that within group observations are similarcorrelated! 

E(εitεis) ≠ 0 ↔  corr(εitεis) ≠ 0  for t ≠ s 
 Biased SEs, t-stats & p-values; invalid statistical inference 
 
Usual formulas for calculating SEs assume diagonal variance-
covariance matrix: 
  



1) Panel Data & Time Series Operators 
Regular SEs: 

No Autocorrelation: 𝐸𝐸�𝜀𝜀𝑖𝑖𝑖𝑖𝜀𝜀𝑗𝑗𝑗𝑗�=𝜎𝜎𝜀𝜀2  if  𝑖𝑖=𝑗𝑗 and 𝑡𝑡=𝑠𝑠 
                  =0     if 𝑖𝑖≠𝑗𝑗 or 𝑡𝑡≠𝑠𝑠 
 
  Homoskedastic & uncorrelated error terms 
Example: Country 1, year 1,2,3; Country 2, year 1,2 
 

⎝

⎜⎜
⎛

𝜎𝜎𝜀𝜀2 0 0 0 0
0 𝜎𝜎𝜀𝜀2 0 0 0
0 0 𝜎𝜎𝜀𝜀2 0 0
0 0 0 𝜎𝜎𝜀𝜀2 0
0 0 0 0 𝜎𝜎𝜀𝜀2⎠

⎟⎟
⎞

 



1) Panel Data & Time Series Operators 
Clustered SEs: 

Autocorrelation in country: 𝐸𝐸(𝜀𝜀𝑖𝑖𝑖𝑖𝜀𝜀𝑖𝑖𝑗𝑗)=𝜎𝜎𝑖𝑖2  if  𝑖𝑖=𝑗𝑗 and 𝑡𝑡=𝑠𝑠 
                    =𝜎𝜎𝑖𝑖𝑖𝑖2  if 𝑖𝑖=𝑗𝑗 and 𝑡𝑡≠𝑠𝑠 
                    =0    if 𝑖𝑖≠𝑗𝑗 

  Homoskedastic in country & correlated within country  
 

⎝

⎜⎜
⎛

𝜎𝜎12 𝜎𝜎112 𝜎𝜎112 0 0
𝜎𝜎112 𝜎𝜎12 𝜎𝜎112 0 0
𝜎𝜎112 𝜎𝜎112 𝜎𝜎12 0 0
0 0 0 𝜎𝜎22 𝜎𝜎222

0 0 0 𝜎𝜎222 𝜎𝜎22 ⎠

⎟⎟
⎞

 

  



1) Panel Data & Time Series Operators 
Not allowing for within panel correlation is likely to result in 
downward bias in estimated SEs = upward bias in t-statistics 
Solution: 

Pooled regression = OLS but with allowing for block diagonal 
Variance-Covariance matrix 

Without clustering: 
reg lnUSaid lnGDP lnPop 

With clustering: 
reg lnUSaid lnGDP lnPop, vce(cluster cid) 

  



1) Panel Data & Time Series Operators 
Why are error terms correlated?  One reason: omitted variable! 
“Unobserved Cross Sectional Heterogeneity” 

Yit = β1X1it + ⋯+ βkXkit + αi + εit 
 

  



1) Panel Data & Time Series Operators 
Why are error terms correlated?  One reason: omitted variable! 
“Unobserved Cross Sectional Heterogeneity” 

Yit = β1X1it + ⋯+ βkXkit + αi + εit 
 

 
  



1) Panel Data & Time Series Operators 
Why are error terms correlated?  One reason: omitted variable! 
“Unobserved Cross Sectional Heterogeneity” 

Yit = β1X1it + ⋯+ βkXkit + αi + εit 
 Include separate dummy variable (intercept) for each panel to 

account for this 
 xtset cid year  /*only need to do this once*/ 

 xtreg lnUSaid lnGDP lnPop, fe 

 Can also cluster with FE though not usually as important 
 xtreg lnUSaid lnGDP lnPop, fe vce(cluster cid) 

 
  



1) Panel Data & Time Series Operators 
Other models: 
Between Estimator:  Regression on means 

Y�i = β0 + β1X�1i + ⋯+ βkX�ki + ε�i 
 xtreg lnUSaid lnGDP lnPop, be 
 
Random Effects Estimator: 

Yit = β1X1it + ⋯+ βkXkit + αi + εit 

Assuming  αi~N(α,σα2)  and  ρ�αi, Xjit� = 0 
 xtreg lnUSaid lnGDP lnPop, re 
 
  



1) Panel Data & Time Series Operators 
Comparing Estimators: 
Stata can test validity of assumptions behind each estimator: 
Do I need to use FE or is Pooled Regression OK? 
  F-test of whether fixed effects are needed 
  Last line of xtreg output reports this 
  Reject H0 = use FE 
  



1) Panel Data & Time Series Operators 
Do I need to use FE or is RE OK? 
  Hausman test 
  xtreg lnUSaid lnGDP lnPop, fe 

  eststo FE 

  xtreg lnUSaid lnGDP lnPop, re 

  eststo RE 

  hausman FE RE 

Reject H0 = use FE 
 
Stata has many other panel estimators – start with xt 
 help xt 

  



2)  Generating Professional Tables 
Descriptive Statistics Table 
• Name, # obs, Mean, SD, Min, Max 

 

delimit ; 
quietly reg lnUSaid lnGDP lnPop President Congress WOT; 
estpost su lnUSaid lnGDP lnPop President Congress WOT if e(sample); 
esttab using Table2.txt, cell((count mean sd min max)) noobs 
nomtitles nonumbers tab replace; 

 
variable count mean sd min max 
lnUSaid 4613 2.98153 2.074276 -2.302585 8.419823 
lnGDP 4613 8.002742 .869473 6.048681 10.55457 
lnPop 4613 15.66215 1.69595 10.59988 20.99467 
President 4613 .0906085 .4640802 -.543 .581 
Congress 4613 -.0141853 .0486689 -.0990485 .0529801 
WOT 4613 .1406894 .3477385 0 1 

 

Doesn’t work?  estimates clear  



2)  Generating Professional Tables 
Sample Correlations Table 
• Correlations for dependent & independent variables 
#delimit ; 

quietly reg lnUSaid lnGDP lnPop President Congress WOT; 

estpost corr lnUSaid lnGDP lnPop President Congress WOT if 
e(sample) , matrix listwise; 
esttab using Table3.txt, unstack not nonumbers nostar nonotes 
compress tab replace; 

 
 lnUSaid lnGDP lnPop President Congress WOT 
lnUSaid 1      
lnGDP -0.214 1     
lnPop 0.460 -0.179 1    
President -0.0124 0.0460 0.00150 1   
Congress -0.0928 0.198 0.0560 0.143 1  
WOT -0.0328 0.170 0.0420 0.331 0.488 1  



2)  Generating Professional Tables 
Estimation Results Table 
#delimit ; 

estimates clear; 

reg lnUSaid lnGDP lnPop President Congress WOT, 
vce(cluster cid); 

eststo e1; 

xtreg lnUSaid lnGDP lnPop President Congress WOT, fe; 

eststo e2; 

esttab e1 e2 using Table4.txt, tab nogaps replace 
mlabel(none) eqlabels(none) star(* .1 ** .05 *** .01) 
nonotes addnotes("Dependent Variable: lnUSaid" "(1) 
Pooled Regression" "(2) Country FE") title("Table 4: 
Estimation Results") keep(President Congress WOT); 

  



2)  Generating Professional Tables 
Table 4: Estimation Results 
 (1) (2) 
President 0.00462 0.0132 
 (0.06) (0.30) 
Congress -4.425*** -3.839*** 
 (-3.78) (-6.58) 
WOT 0.112 0.382*** 
 (0.83) (5.51) 
N 4613 4613 
Dependent Variable: lnUSaid 
(1) Pooled Regression 
(2) Country FE 
 


