
Improving Techniques to Use Panel Data 
to Produce Cross-Sectional Estimates 

 
Yan K. Liu, Michael Strudler, Janette Wilson, Young Lim  

Statistics of Income, Internal Revenue Service  
77 K Street, NE, Washington, DC 20002.  

 
 
Abstract  
The Statistics of Income Division (SOI) of the IRS started a panel sample of individual 
returns in 2007 for longitudinal analyses. SOI edits Sales of Capital Assets (SOCA) 
transactions reported on individual tax returns for this panel. This panel sample, together 
with a small yearly refreshment sample has also been used for cross-sectional SOCA 
estimations. This has allowed us to get annual SOCA estimates with a small expense 
every year. The cross-sectional weights are derived using weight calibration method. The 
budget allows SOI to select and edit a SOCA cross-sectional sample once every five 
years, most recently in 2012. This paper compares the 2012 SOCA estimations based on 
the panel sample to those based on the 2012 SOCA cross-sectional sample and learns 
how to better weight the panel returns for SOCA cross-section purposes.  
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1. Introduction 
 

 
The Statistics of Income Division (SOI) of the IRS started a new panel sample of 
individual returns in Tax Year 2007. This panel sample is a stratified random sample 
selected from the population of returns filed for Tax Year 2007. The longitudinal weights 
refer to the 2007 population and are adjusted to take into account the attrition of the 
sample over time. The longitudinal weights are used when performing analyses of the 
longitudinal data through years. An important part of analyses is around the Sales of 
Capital Assets (SOCA) data. For this, SOI records and edits Sales of Capital Assets 
(SOCA) transactions reported on different tax forms. There are seven different tax forms 
that need to be looked at in order to compile SOCA data per return. Obviously, the cost to 
process SOCA data is very high, especially for large returns that tend to have many 
transactions. 

SOI also produces SOCA cross-sectional estimates every year. But due to the high cost, a 
cross-sectional SOCA sample was selected only once every five years in 2007 and 2012. 
For years 2008 – 2011, SOI used the panel sample with a small yearly supplemental 
sample in order to count for new returns and high-income returns. In other words, the 
surviving panel sample and yearly supplemental sample returns form the sample that is 
used to make SOCA cross-sectional estimations every year. We call this sample the 
panel-converted SOCA sample. The selection probabilities of returns could not be 
calculated in a strict mathematical form and therefore the weights could not be defined as 
the inverse of selection probability. Instead, an ad hoc weighting scheme is used to 
produce initial weights and then the weight calibration method is applied to adjust initial 
weights such that the cross-sectional weights can reflect the current year population and 
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some known SOCA benchmarks. How good are the estimates from panel-converted 
samples? This paper will compare estimates from the 2012 panel-converted SOCA 
sample to those from the 2012 cross-sectional SOCA sample, learn how to better weight 
the panel returns for SOCA cross-section purposes, and modify the future selection of the 
yearly supplemental sample.   
 
 

2. 2012 SOCA Samples 
  
The 2007 panel sample was a stratified random sample and the stratum was defined by 
the selection income1 of tax return (See Liu et al, 2009). A base-year panel return stays in 
the panel in the following years if either its primary SSN, secondary SSN, or both file tax 
returns in the out-year. These are referred as “surviving panel returns”. 

 
The panel-converted SOCA sample consists of surviving returns of the 2007 SOCA panel 
sample and the out-year refreshment sample returns. The out-year refreshment sample 
includes three parts. The first part is a very small, stratified random sample with the same 
stratum definition as in the 2007 base-year panel sample. The purpose of this part is to 
add high-income returns (especially stratum jumpers) and new filers that were not already 
in the panel sample. The second and third parts2 are added at no cost as these returns are 
being edited for another SOI sample. However, these returns do not have much impact on 
the SOCA estimation as they are small returns and barely have SOCA activities. The 
panel-converted SOCA sample was used to make SOCA estimations for years 2008 – 
2011.  

 
The 2012 SOCA cross-sectional sample is a stratified random sample and selected once 
every five years due to the cost constraint. It includes much more large returns than the 
panel-converted SOCA sample. The stratum boundary was the same as the panel sample, 
using the 2012 selection income (not the 2007 selection income used in the panel 
sample), with an additional stratifier: the means of filing (electronic filing and paper 
filing). Two SOCA cross-sectional samples have been selected, one in 2007 and one in 
2012. 

 
Table 2.1 compares the number of returns by stratum among the panel sample, the panel-
converted sample (i.e., panel returns plus refreshment returns), the SOCA cross-sectional 
sample and the population for 2012. Column E is the number of refreshment sample 
returns. Column G is the difference in sample size between the SOCA cross-sectional 
sample and the panel-converted sample. Because not all of panel-converted sample 
returns overlap with the SOCA cross-sectional sample, the extra number of returns that 
need to be edited for the SOCA cross-sectional sample is actually more that in Column G. 
Strata with selection income under $500,000 in both positive and negative are classified 
as less important in the analysis as small returns have very small contribution to SOCA 
estimates,. For high-income strata with the income over $500,000 in both positive and 
negative, as shown in column G, the SOCA cross-sectional sample is much larger than 
the panel-converted sample, while the refreshment sample is very small as shown in 
column E.  

                                                           
1 It is the size of total gross income that is calculated from multiple tax items. 
2 The second part is a simple random sample of primary taxpayers who did not file tax returns for 
Tax Year 2007 but did for the current study year. The third part is a simple random sample of 
secondary taxpayers (i.e., married and filing jointly) and was not part of the base-year panel. 
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3. Weighting 
 
The 2012 population includes all individual returns filed in 2012. The panel-converted 
sample is used to make cross-sectional estimates of population totals on SOCA measures. 
The proper weighting of panel-converted sample is necessary to produce good estimates. 
In this section, we briefly outline the weight development for returns of the 2012 panel-
converted sample. The procedure is similar every year. We make use of the limited 
SOCA information from another SOI sample, the yearly cross-sectional individual return 
sample. This sample includes some SOCA measures from the Schedule D at the return 

 Selection Income              
($1000) 

Population  Panel 
Sample 

 Panel 
Converted 

SOCA 
Sample 

Refreshment 
Sample

 SOCA 
Cross 

Sectional 
Sample 

Difference in Size 
between SOCA cross 

sample and panel 
converted sample

A* B  C  D E=D-C F G=F-D

$150,000 or more                 58          41                 58                   17                 58 0
$40,000 to < $150,000                322        186               196                   10               322 126
$20,000 to < $40,000                624        242               257                   15               618 361
$10,000 to < $20,000             1,808        454               480                   26             1,095 615
$5,000 to < $10,000             4,941        633               694                   61             1,461 767
$2,000 to < $5,000           18,996        912             1,009                   97             5,220 4,211
$1,000 to < $2,000           39,168        738               786                   48             5,254 4,468
$500 to < $1,000           90,305        668               718                   50             3,307 2,589
$250 to < $500          193,736        666               708                   42             2,083 1,375
$120 to < $250          376,018        768               815                   47             1,940 1,125
$60 to < $120          500,951        827               896                   69             1,549 653
Under $60       1,168,982      1,392             1,624                 232             2,146 522

Under $30     28,893,838    17,144           31,964             14,820           29,111 -2,853
Under $30     35,899,253    38,373           48,177              9,804           35,972 -12,205
Under $30     12,762,955    14,597           17,694              3,097           12,943 -4,751
$30 to < $60     24,096,932    35,881           38,785              2,904           24,100 -14,685
$30 to < $60     11,153,134    18,297           19,438              1,141           11,434 -8,004
$60 to < $120     14,585,202    26,531           27,596              1,065           15,404 -12,192
$60 to < $120       6,259,443    11,165           11,695                 530             6,854 -4,841
$120 to < $250       1,999,423      3,821             3,987                 166             6,802 2,815
$120 to < $250       4,283,865      8,528             8,873                 345           15,086 6,213
$250 to < $500       1,707,012      4,537             4,730                 193           13,278 8,548
$500 to < $1,000          579,818      3,220             3,331                 111           13,814 10,483
$1,000 to < $2,000          197,265      2,676             2,783                 107           10,983 8,200
$2,000 to < $5,000           82,501      2,659             2,835                 176             8,991 6,156
$5,000 to < $10,000           19,722      1,649             1,777                 128             5,573 3,796
$10,000 to < $20,000             7,550      1,224             1,330                 106             5,948 4,618
$20,000 to < $40,000             2,914        795               883                   88             2,492 1,609
$40,000 to < $150,000             1,502        723               845                 122             1,502 657
$150,000 or more                228        164               228                   64               228 0

Total 144,928,465  199,511 235,192          35,681              245,568          10,376

Table 2.1  Number of Returns of the 2012 Samples and the Population

Negative Income

Positive Income

*. The grouping by the selection income is taken from the annual SOI Individual Cross-Sectional Sample that is stratified by the 

selection income and an indicator. The multiple lines of same income group in Column A is due to the indicator.
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level. Population totals on a few SOCA measures such as the net long-term capital gain 
and loss, the net short-term capital gain and loss, the net long-term capital gain/loss from 
sales of capital assets, and etc. are estimated from the 2012 individual sample of 338,350 
returns. The initial weights are calculated using an ad hoc method and then adjusted using 
the calibration method. The final weights are calibration weights such that weighted 
estimates from the panel-converted sample match these estimated population totals on a 
few key SOCA measures.  

 
Note that the 2012 SOCA cross-sectional sample plays no role in developing weights for 
the panel-converted sample returns. The SOCA estimates from this sample are used for 
comparison purpose here.   
 
First, the initial weights are calculated using an ad hoc method. The initial weights cannot 
be the inverse of selection probabilities because the selection probabilities of returns in 
the panel-converted SOCA sample could not be calculated in a strict mathematical form. 
The ad hoc method is to pool all sample returns and post-stratify them into groups and 
then take the average weight for every return within the group. Because the panel-
converted sample includes secondary CWHS returns that are married and jointly filing 
returns (Liu et al, 2009), married and jointly filing returns are over-represented. 
Therefore, initial sample weights are calculated separately for married and jointly filing 
returns and other returns. Specifically, within each income group shown in Table 2.1, 
returns are further divided by EMARS=2 (married and jointly filing returns) and 
EMARS≠2 (other filing statuses). The ad hoc initial weight within each post-stratified 
cell h is the population size (Nh) divided by the number of sample returns (nh), that is 
(Nh/nh).  

  
Then, the initial weights are adjusted using the weight calibration approach such that the 
sample estimates from calibration weights are close to the population totals of auxiliary 
variables. The benchmark population totals are estimated from the yearly individual 
return cross-sectional sample. This yearly individual return sample is large and has the 
SOCA information at the return-level from the IRS Form 1040 Schedule D, while the 
SOCA estimates are calculated from the detailed SOCA Data Compiled from 7 Tax 
Forms (Schedule  D / Form 8949, Forms 4797, 6252, 6781, 8824, 4684, & 2439) and at 
the transactional-level. The auxiliary information considered in the weight calibration 
procedure includes a few key SOCA measures, while the final weights are used to 
estimate population totals on thousands of SOCA measures. However, adjusting initial 
weights and matching totals of some a few key SOCA measures can still help making 
SOCA better estimates than other choices (Liu, Henry and Strudler, 2012). The goal here 
is to produce reasonable SOCA estimates that represent the current year population and 
reflect multiple variables of interest.  
 
Let dk be the initial weight of return k in the panel-converted sample; and wk be the 
calibration weight of return k. The calculation of wk is through the weight calibration 
procedure (see, e.g., Särndal, 2007; Kott, 2009). The weights go through an iterative 
process of adjustments until convergence at the predefined population totals. We use R 
software to calculate calibration weight wk.  Calibration is a weight-adjustment method 
that creates a set of weights, {wk}, such that (1) they are close to the original design 
weights, dk (as the sample size grows arbitrarily large, wk converges to dk), and are 
therefore nearly unbiased under the randomization distribution; and (2) satisfy a set of 
calibration equations: 
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where N  and 
kU x  are the known control totals. There is one calibration equation for 

each auxiliary variable x. 

The SOCA data are highly dispersed, so the SOCA sample data are divided into 
calibration groups to reduce the variability of key variables, while group sample sizes are 
large enough for calibration. The above calibration weight procedure is applied within 
each calibration group. The variables on schedule D are SOCA variables used for 
calibration, including Net short-term gain/loss from Sales of Capital Assets, Net short-
term capital gain/loss, Net long-term gain/loss from Sales of Capital Assets, Net long-
term capital gain/loss, etc.. The benchmark totals xk are estimated from the yearly 
individual return sample that includes return-level SOCA information on Form 1040 
Schedule D. More details on weighting the panel-converted sample returns can be found 
in Liu, Henry and Strudler (2012). 
 
 

4. SOCA Estimates 
  
The SOCA estimates include capital gains, losses and net gains, as well as number of 
returns and number of transactions, overall and by different categories. These estimates 
are summarized in the SOI’s Sales of Capital Assets Data Report (Wilson & Liddell, 
2016) in multiple tables: Tables 1A-1C, Tables 2A-2E, Tables 3A-3E and Tables 4A-4E. 
These are the key tables in the SOCA report and the numbering of those tables is not 
related to the numbering of tables in this paper.  The following snapshots are part of these 
SOCA report tables. Table1A gives estimates of the long-term and short-term capital 
gain/loss overall and for different asset types. Table 1B and Table 1C are estimates for 
the short-term only and for the long-term only, broken down by the same asset types. 
Tables 2A-2E are estimates for selected asset types and broken down by the AGI group.  
Tables 3A-3E are estimates for the same selected asset types as Table 2A-2E, but broken 
down by the transaction’s month of sale. Finally, Tables 4A-4E are also estimates for the 
same selected asset types as Table 2A-2E, but broken down by the transaction’s length of 
time held.   

 
There are 3,854 cells from SOCA report Tables 1A-1C, 2A-2E, 3A-3E and 4A-4E). The 
estimate and the CV in each cell are calculated using the full SOCA cross-sectional 
sample of 245,568 returns. Except that fifteen cells in the SOI report Table 1A (the first 
row where asset type=’Total’) are the estimates of population totals, the other 3,839 cells 
are domain estimates. Some cells are very small domains as they have a very small 
number of returns that have a non-zero SOCA value. For example, Column (1) in SOCA 
report Table 1A is the estimated number of transactions (in thousands). The number is 80 
for Asset Type=’Timber’ and 247,937 for Asset Type=’Total.’ In other words, ‘Timber’ 
category only counts for 0.03% of the total in the number of transactions. Also can be 
seen from the snapshot of SOCA report Table 1A is that domains are even smaller when 
Timber category is further divided into gain transaction, loss transactions and transactions 
with no gain/loss. All estimates are calculated using the extended domain variable of 

interest, defined as idi yy   for return i in the domain and 0diy  for return i not in the 
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domain. The extended domain variables are useful for estimations here because a single 
set of calibrated weights is attained for all domains and domain sample sizes are random. 
The contribution of extra variance caused by random domain sample sizes is incorporated 
in the variance expressions using the full sample and extended domain variables 
(Lehtonen, R. & Veijanen, A., 2009). For very small cells such as the Timber category, 
the construction of confidence interval using the assumption of asymptotic normality may 
not be appropriate sometimes, especially when the study variable is highly skewed.  
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Next, we compare the estimates based on the panel-converted sample to the estimates 
based on the SOCA cross-sectional sample. The estimates in SOCA report tables outlined 
above are calculated using the SOCA cross-sectional sample. Their CVs and confidence 
intervals are also calculated. All estimates shown in SOCA report tables are calculated 
using the panel-converted sample. To see how close the two sets of estimates are in 
general, we summarize the number of cells where estimates from the panel-converted 
sample fall within 95% confidence intervals from SOCA cross-sectional sample for each 
of SOCA report tables in the SOI report. As mentioned above, the assumption of normal 
distribution in constructing confidence intervals may not be appropriate for very small 
domains. But as a rough measure, all are included in the summary. The ‘coverage rate’ is 
the number of domain estimates (cells) from the panel-converted sample falling within 
their 95% confidence intervals divided by the total number of domain estimates (cells) in 
the table. The following Tables 4.1A -4.1D give the ‘coverage’ rate of panel-converted 
sample estimates for each of those SOI SOCA report tables. For example, in Table 4.1, 
there are  356 cell estimates in SOCA report Table 1A, 185 of panel-converted sample 
estimates are within the 95% confidence interval, which is 52% in coverage.  
 
Tables 4.1A-4.1D show the overall picture of how close domain estimates from the 
panel-converted sample to those from the SOCA cross-sectional sample, where some 
domains are large and some are small. We further look at those estimates in more detail. 
First, all 3,854 estimates (or cells) from SOCA report tables are grouped into seven 
categories, as shown in Table 4.2. For each category, cells are from different SOCA 
report tables. There are 1,012 cells are domain estimates of ‘Number of Transaction,’ 816 
cells are domain estimates of ‘Basis,’ and so on.    The Estimated population total is taken 
from the SOCA report Table 1A (the first snapshot above) for all categories except for 
the Number of Returns. The population total number of returns that are associated to any 
SOCA activities is estimated using the SOCA cross-sectional sample data. For each 
category, estimates are then grouped by cell size. Here, the cell size is relative to the 
population total, defined as the cell estimate divided by the estimated population total. 
The cell estimate is simply the number in each cell of SOCA report tables and population 
total estimate is the number in the appropriate category in Table 4.2. For example, the 
first cell of Asset Type=’Total’ in column (1) of the SOCA report Table 1A (the first 
snapshot above) has a cell size of 247,397/247,397=100% and the second cell of Asset 
Type=’Corporate Stock’ in column (1) has a cell size of 112,550//247,397=45.5%. The 
cell size ranges from 0.00001% to 100%, where the 100% is the population total and 
others are domains. Cells in each category are divided into 10 groups by the cell size.  
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SOI SOCA Report Table 1A -1C                                          
Capital Gains and Losses by Asset Type

Number of 
cells in the 

Table

Number of Cells where Panel-
Converted Sample Estimates Fall 

within the 95% Confidence Interval 

 "Coverage" 
Rate 

Table 1A.  Short-Term and Long-Term 356 185 52.0%

Table 1B.  Short-Term  352 204 58.0%

Table 1C.  Long-Term  356 192 53.9%

SOI SOCA Report Table 2A -2E                                          
Short-Term and Long-Term Capital Gains and Losses 

by AGI Groups 

Number of 
cells in the 

Table

Number of Cells where Panel-
Converted Sample Estimates Fall 

within the 95% Confidence Interval 

 "Coverage" 
Rate 

Table 2A.  For All Asset Types 126 67 53.2%

Table 2B.  For Asset Type=Corporate stock 126 69 54.8%

Table 2C.  For Asset Type=Bonds and other securities 126 46 36.5%

Table 2D.  For Asset Type=Real Estate 126 105 83.3%

Table 2E.  For Asset Type=Others 126 75 59.5%

SOI SOCA Report Table 3A -3E                                          
Short-Term and Long-Term Capital Gains and Losses 

by Short-Term and Long-Term Capital Asset 
Transactions and Month of Sale

Number of 
cells in the 

Table

Number of Cells where Panel-
Converted Sample Estimates Fall 

within the 95% Confidence Interval 

 "Coverage" 
Rate 

Table 3A.  For All Asset Types 224 55 24.6%

Table 3B.  For Asset Type=Corporate stock 224 74 33.0%

Table 3C.  For Asset Type=Bonds and other securities 224 27 12.1%

Table 3D.  For Asset Type=Real Estate 224 191 85.3%

Table 3E.  For Asset Type=Others 224 96 42.9%

SOI SOCA Report Table 4A -4E                                            
Short-Term and Long-Term Capital Gains and Losses 

by Short-Term and Long-Term Capital Asset 
Transactions and Length of Time Held

Number of 
cells in the 

Table

Number of Cells where Panel-
Converted Sample Estimates Fall 

within the 95% Confidence Interval 

 "Coverage" 
Rate 

Table 4A.  For All Asset Types 208 50 24.0%

Table 4B.  For Asset Type=Corporate stock 208 75 36.1%

Table 4C.  For Asset Type=Bonds and other securities 208 37 17.8%

Table 4D.  For Asset Type=Real Estate 208 173 83.2%

Table 4E.  For Asset Type=Others 208 102 49.0%

Table 4.1A.  "Coverage" Rate of Capital Gain/Loss Estimates by Asset Type  

Table 4.1C.  "Coverage" Rate of Capital Gain/Loss Estimates for Selected Asset Type, by Short-Term and long-Term 
Capital Asset Transactions and Month of Sale

Table 4.1D.  "Coverage" Rate of Capital Gain/Loss Estimates for Selected Asset Type, by Short-Term and Long-Term                        
Capital Asset Transactions and Length of Time Held

Table 4.1B.  "Coverage" Rate of Capital Gain/Loss Estimates for Selected Asset Type, by AGI Group  
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For each SOCA subject category, cells are divided into eight groups by the cell size with 
unequal increments 0-0.1%, 0.1-0.5%, 0.5-1%, 1-2%, 2-4%, 4-10%, 10-50% and 50-
100%. This is because there are a lot more small cells than large cells. The following 
Table 4.3A looks at the distribution of relative error by size group for the category of 
‘Number of Transactions.’ The 1,012 cell estimates of the number of transactions are 
divided into eight groups by the cell size and then within each cell size group, estimates 
are distributed across 10 groups of relative error. The relative error is defined as |(Ep/Es)-
1|, where Ep is the cell estimate from the panel-converted sample and Es is the cell 
estimate from the SOCA cross-sectional sample. The first nine relative error groups, 
ranging from 0% to 90%, have the same increment of 10%. The last group is open ended 
group of ‘more than 90%.’ As shown in Table 4.3A, the first column has a total of 355 
cell estimates of number of transactions that are smaller than 0.1% of the total number of 
transactions. Among 355 small cells, 118 have a relative error in absolute value under 
10%, 76 cells between 10-20%, and so forth. The last column under ‘Total’ shows the 
distribution of the relative error of all estimates. Overall, 368 cells (36.4%) whose 
estimated number of transactions from the panel-converted sample is within 10% of the 
estimated number of transactions from the SOCA cross-sectional sample regardless of 
cell size, 263 cells (26.0%) have a relative of 10-20%, and so forth. Table 4.3A also 
shows 19 cells have a large relative error of over 90% and all are small cells with a cell 
size under 1%. Tables 4.3B-G are for other six categories.   

 

 

Table 4.2.   SOCA Subject Category, Estimated Population Total and Number of Estimates   

SOCA Subject Category  Estimated Population Total 
Associated to SOCA Activities 

Number of Cells from SOI 
Report Tables 

Number of Transactions 247,937                                             1,012                                        
Basis 4,174,521,721                                     816                                          
Sales Price 4,443,556,071                                     816                                          
Number of Returns 22,096,082                                         270                                          
Net Gain/Loss 639,876,890                                       74                                            
Gain 844,423,487                                       434                                          
Loss (204,546,597)                                      432                                          

3,854                                      Total

0 - 0.1 0.1 - 0.5 0.5 - 1 1 - 2 2 - 4 4 - 10 10 - 50 50 - 100
0 - 10 118 78 43 52 35 27 15  368 36.4%

10 - 20 76 38 31 57 30 9 19 3 263 26.0%
20 - 30 44 30 41 16 9 10 9  159 15.7%
30 - 40 33 18 9 9 3    72 7.1%
40 - 50 28 22 4 7 2    63 6.2%
50 - 60 21 7 5 2     35 3.5%
60 - 70 10 6       16 1.6%
70 - 80 7 2       9 0.9%
80 - 90 5 2  1     8 0.8%

More than 90% 15 3 1      19 1.9%
Total 357 206 134 144 79 46 43 3 1,012 100.0%

Table 4.3A. The Distribution of Relative Error of Number of Transactions  by Cell Size Group  

Relative Error 
(Absolute Value, %)

Total
Cell Size (%)
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0 - 0.1 0.1 - 0.5 0.5 - 1 1 - 2 2 - 4 4 - 10 10 - 50 50 - 100
0 - 10 31 45 18 7 6 4 7  118 14.5%

10 - 20 31 46 20 15 6 5 9  132 16.2%
20 - 30 22 47 18 5 13 5 7  117 14.3%
30 - 40 25 35 19 13 6 8 6 2 114 14.0%
40 - 50 17 11 18 9 4 1 9  69 8.5%
50 - 60 22 10 5 6 3 6   52 6.4%
60 - 70 10 8 7 5 4 2 4  40 4.9%
70 - 80 8 2 3 3 4    20 2.5%
80 - 90 9 6 2 1     18 2.2%

More than 90% 54 55 14 5 8    136 16.7%
Total 229 265 124 69 54 31 42 2 816 100.0%

Relative Error 
(Absolute Value, %)

Total
Cell Size (%)

Table 4.3B. The Distribution of Relative Error of Basis  by Cell Size Group  

0 - 0.1 0.1 - 0.5 0.5 - 1 1 - 2 2 - 4 4 - 10 10 - 50 50 - 100
0 - 10 33 49 29 11 9 9 11  151 18.5%

10 - 20 36 33 26 8 10 10 1  124 15.2%
20 - 30 29 35 17 10 14 4 11 3 123 15.1%
30 - 40 20 42 14 9 6 3 6  100 12.3%
40 - 50 15 15 13 4 5 5 5  62 7.6%
50 - 60 17 7 6 7 4 4 1  46 5.6%
60 - 70 12 9 6 3 1 2 2  35 4.3%
70 - 80 11 5 3 4     23 2.8%
80 - 90 8 5 2 1     16 2.0%

More than 90% 61 52 10 6 7    136 16.7%
Total 242 252 126 63 56 37 37 3 816 100.0%

Cell Size (%)Relative Error 
(Absolute Value, %)

Total

Table 4.3C. The Distribution of Relative Error of Sales Price  by Cell Size Group 

0 - 0.1 0.1 - 0.5 0.5 - 1 1 - 2 2 - 4 4 - 10 10 - 50 50 - 100
0 - 10 10 16 27 34 29 46 32 4 198 73.3%

10 - 20 3 12 5 5 3 2   30 11.1%
20 - 30 5 7 3 2 1    18 6.7%
30 - 40 5 7       12 4.4%
40 - 50 2 6       8 3.0%
50 - 60 1 1       2 0.7%
60 - 70 1        1 0.4%
70 - 80 0.0%
80 - 90 1        1 0.4%

More than 90% 0.0%
Total 28 49 35 41 33 48 32 4 270 100.0%

Cell Size (%)Relative Error 
(Absolute Value, %)

Table 4.3D. The Distribution of Relative Error of Number of Returns  by Cell Size Group 

Total
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0 - 0.1 0.1 - 0.5 0.5 - 1 1 - 2 2 - 4 4 - 10 10 - 50 50 - 100
0 - 10  3 6  4 2 4 2 21 28.4%

10 - 20 3 5 1 2 2 2   15 20.3%
20 - 30 2 4 2 4     12 16.2%
30 - 40 1 4 1      6 8.1%
40 - 50 1 1       2 2.7%
50 - 60 1        1 1.4%
60 - 70  1       1 1.4%
70 - 80 1        1 1.4%
80 - 90  1       1 1.4%

More than 90% 13  1      14 18.9%
Total 22 19 11 6 6 4 4 2 74 100.0%

Cell Size (%)
TotalRelative Error 

(Absolute Value, %)

Table 4.3E. The Distribution of Relative Error of Net Gain/Loss  by Cell Size Group 

0 - 0.1 0.1 - 0.5 0.5 - 1 1 - 2 2 - 4 4 - 10 10 - 50 50 - 100
0 - 10 21 48 28 20 21 10 13 10 171 39.4%

10 - 20 16 28 12 17 14 18 4  109 25.1%
20 - 30 12 20 9 9 2     52 12.0%
30 - 40 16 6 2 1     25 5.8%
40 - 50 8 2       10 2.3%
50 - 60 7 1 3      11 2.5%
60 - 70 10 1       11 2.5%
70 - 80 10 2 1      13 3.0%
80 - 90 3 5       8 1.8%

More than 90% 21 3       24 5.5%
Total 124 116 55 47 37 28 17 10 434 100.0%

Total
Cell Size (%)Relative Error 

(Absolute Value, %)

Table 4.3F. The Distribution of Relative Error of Gain  by Cell Size Group 

0 - 0.1 0.1 - 0.5 0.5 - 1 1 - 2 2 - 4 4 - 10 10 - 50 50 - 100
0 - 10 9 14 22 19 20 11 13  108 25.0%

10 - 20 14 18 27 24 15 6 12 5 121 28.0%
20 - 30 15 17 19 10 9 9 11  90 20.8%
30 - 40 5 7 4 7 3 5 1  32 7.4%
40 - 50 6 2 6 5 2 2   23 5.3%
50 - 60 9 5 1      15 3.5%
60 - 70 3 2       5 1.2%
70 - 80 3 1       4 0.9%
80 - 90 3        3 0.7%

More than 90% 25 6       31 7.2%
Total 92 72 79 65 49 33 37 5 432 100.0%

Table 4.3G. The Distribution of Relative Error of Loss  by Cell Size Group 

Relative Error 
(Absolute Value, %)

Total
Cell Size (%)
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5. Considerations for Future Design 
  
The above comparison of two sets of 3,854 estimates from two samples indicates that 
most estimates are reasonably close between the panel-converted sample and the SOCA 
cross-sectional sample. To increase precision, a larger yearly refreshment sample is 
needed. There is a balance between the cost-saving and the precision-losing when the 
panel sample is used for out-year cross-sectional estimations. The panel sample is free as 
panel returns are edited anyway for the panel study. The number of additional returns 
selected as the refreshment sample is summarized in the following Table 5.1. The non-
overlap between SOCA cross-sectional sample and the panel sample, also summarized in 
Table 5.1, is the extra cost (in terms of number of returns) to do the SOCA cross-
sectional sample. Note that in some strata of low-income returns, there are more returns 
in the panel-converted sample. This is due to returns linked to the secondary CWHS 
returns selected in the panel sample. Small returns are very cheap but have basically 
insignificant SOCA values. Therefore, we only look at returns with the selection income 
over $500,000. Column D of Table 5.1 is the ratio of the extra number of returns of the 
2012 panel-converted sample to the extra number of returns of the 2012 SOCA cross-
sectional sample. It shows that the extra cost for the panel-converted sample is a very 
small portion of the extra cost for the SOCA cross-sectional sample, especially in strata 
of high income returns.  

 
To see how much the precision level can be gained using a larger panel-converted sample 
if we have the budget, say 20% of cost of the 2012 SOCA cross-sectional sample, we 
look at a simulation scenario where number of returns in the panel-converted sample is 
about 20% of returns in the SOCA cross-sectional sample, especially for high-income 
strata. Table 5.2 outlines the sample size by stratum. Column B is the SOCA cross-
sectional sample size after taking out the ones already in the panel sample and Column C 
is the panel-converted sample size after taking out the ones already in the panel sample. 
Column D is the number of extra returns needed so that the cost of the panel-converted 
sample is about 20% of the SOCA cross-sectional sample. Few adjustments are made. 
First, certainty strata are larger and all returns with a selection income over $100,000,000 
in both positive and negative are selected.  Second, low income strata with a selection 
income of $0-$500,000 are set to have no extra returns because they have very small 
impact in SOCA estimates. Third, for the stratum with the selection income of $500,000-
$1,000,000, the number is reduced to 1000 because of its small contribution to SOCA 
estimates. Column E is the final number of extra returns to be drawn. An additional 9,232 
returns are selected from 87,271 that are in the SOCA cross-sectional sample, but not in 
the panel-converted sample. In summary, the simulation sample includes a total 244,424 
returns, 235,192 of them in the panel-converted returns and 9,232 are additional returns. 
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 Selection Income              
($1000) 

 SOCA Cross-
Sectional Sample   

 Panel-Converted 
Sample 

 Ratio 

 A  B  C  D=C/B 

$150,000 or more                               17                               17                            1.00 
$40,000 to < $150,000                             136                               10                            0.07 
$20,000 to < $40,000                             378                               16                            0.04 
$10,000 to < $20,000                             682                               26                            0.04 
$5,000 to < $10,000                             979                               61                            0.06 
$2,000 to < $5,000                          4,504                               97                            0.02 
$1,000 to < $2,000                          4,732                               48                            0.01 
$500 to < $1,000                          2,892                               50                            0.02 
$250 to < $500                          1,768                               42                            0.02 
$120 to < $250                          1,540                               47                            0.03 
$60 to < $120                          1,071                               69                            0.06 
Under $60                          1,124                             232                            0.21 

Under $30                         13,632                         14,820                            1.09 
Under $30                          6,370                          9,804                            1.54 
Under $30                          2,307                          3,097                            1.34 
$30 to < $60                          1,293                          2,904                            2.25 
$30 to < $60                             735                          1,141                            1.55 
$60 to < $120                          1,057                          1,065                            1.01 
$60 to < $120                             845                             530                            0.63 
$120 to < $250                          4,876                             166                            0.03 
$120 to < $250                         10,734                             345                            0.03 
$250 to < $500                         11,049                             193                            0.02 
$500 to < $1,000                         11,795                             111                            0.01 
$1,000 to < $2,000                          9,132                             107                            0.01 
$2,000 to < $5,000                          7,207                             176                            0.02 
$5,000 to < $10,000                          4,322                             128                            0.03 
$10,000 to < $20,000                          4,884                             106                            0.02 
$20,000 to < $40,000                          1,761                               88                            0.05 
$40,000 to < $150,000                             779                             122                            0.16 
$150,000 or more                               64                               64                            1.00 

Negative

Positive

Table 5.1 Number of Additional Sample Returns                                                           
After Removing Panel Returns, 2012
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The same weighting procedure and estimation procedure are applied to the larger 
simulated panel-converted sample. Estimates from the simulated sample and the panel-
converted sample are compared and summarized in Table 5.3 and Tables 5.4A-G.  
 
In Table 5.3, numbers of column B are ‘coverage rates’ calculated from the panel-
converted sample, taken from Tables 4.1A-D in Section 4 and numbers in column C are 
‘coverage’ rates calculated from the simulated sample. Column D is the difference 
between two samples and shows that the larger simulated sample results in higher 
‘coverage rate’ for all SOCA report tables except for SOCA report Table 2D. Note that a 
decrease in ‘coverage’ rate for Table 2D is not surprising because this table is about 

 SOCA Cross-
Sectional Sample   

 Panel-Converted 
Sample  Calculated   Actual  

 A  B  C  D=0.2B-C  E F*

$150,000 or more 17 17 0 0 0
$100,000 to < $150,000 14 2 1 12 12
$40,000 to < $100,000 122 8 16 16 114
$20,000 to < $40,000 378 16 60 60 362
$10,000 to < $20,000 682 26 110 110 661
$5,000 to < $10,000 979 61 135 135 924
$2,000 to < $5,000 4,504 97 804 804 4,419
$1,000 to < $2,000 4,732 48 898 898 4,698
$500 to < $1,000 2,892 50 528 528 2,862
$250 to < $500 1,768 42 312 312 1,750
$120 to < $250 1,540 47 261 261 1,530
$60 to < $120 1,071 69 145 145 1,052
Under $60 1,124 232 -7 0 970

Under $30 13,632 14,820 -12,094 0 36
Under $30 6,370 9,804 -8,530 0 100
Under $30 2,307 3,097 -2,636 0 169
$30 to < $60 1,293 2,904 -2,645 0 179
$30 to < $60 735 1,141 -994 0 331
$60 to < $120 1,057 1,065 -854 0 755
$60 to < $120 845 530 -361 0 673
$120 to < $250 4,876 166 809 0 4,828
$120 to < $250 10,734 345 1,802 0 10,634
$250 to < $500 11,049 193 2,017 0 10,967
$500 to < $1,000 11,795 111 2,248 1,000 11,736
$1,000 to < $2,000 9,132 107 1,719 1,719 9,068
$2,000 to < $5,000 7,207 176 1,265 1,265 7,094
$5,000 to < $10,000 4,322 128 736 736 4,222
$10,000 to < $20,000 4,884 106 871 871 4,791
$20,000 to < $40,000 1,761 88 264 264 1,677
$40,000 to < $100,000 703 109 32 32 594
$100,000 to < $150,000 76 13 2 63 63
$150,000 or more 64 64 0 0 0

Total 9,232 87,271

*  Column F is the number of SOCA cross-sectional sample after removing the overlap with the panel converted sample.

 Table 5.2. Number of Additional Sample Returns for the Simulation 

 Selection Income              
($1000) 

 Number of Returns after removing 
the overlap with the panel sample 

 Additional Number of Returns 
to be Drawn for the Simulation   

Positive 

Negative

Number of 
Returns to be 
Drawn From
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estimates for real estates that is a very small subdomain and estimates of small domains 
can be unstable.  
 

 
 
 
Tables 5.4A-G look at the change of using the simulation sample versus using the panel-
converted sample for each category of SOCA estimations (as shown in Table 5.2). Table 
structures are the same as those of Table 4.3A-G, where cells are defined by the cell size 
group and the relative error group. The tables present the difference in the number of 
domain estimates between two samples, one table for each SOCA estimation category. In 
other words, they give the change in the number of domain estimates due to the use of 
simulation sample, compared to the use of panel-converted sample. Table 5.4A is for the 
category of Number of Transactions. Of the total of 1,012 domain estimates of Number 
of Transactions, the simulation sample results in 184 or 18.2% more domain estimates in 
the smallest relative error group of 0-10% and 40 less in the second smallest relative error 
group of 10-20%, and so forth. Another way to analyze the table is to fix each cell size 
group and look at the numbers across relative groups. For the smallest size group 0-0.1%, 
more estimates are in small relative error groups and less estimates are in large relative 
error groups due to the larger sample size of the simulation sample. For the largest cell 
size group of 50-100%, three estimates move from the relative error group of 10-20% to a 
smaller relative error group of 0-20%. Other six tables are for other six SOCA estimation 
categories. In some tables, we see the simulation tables actually results in less small 
relative error estimates, such as Table 5.4D for estimates of the Number of Returns. But 
numbers of negative change are small though. Overall, the simulation sample has a lot 
more small-error estimates and a lot less large-error estimates than the panel-converted 
sample in general, which is the improvement due to a larger sample with about 20% the 
cost of the SOCA sample.     

 

Panel Converted 
Sample

Simulated 
Sample

Difference

A B C D=C-B
Table 1A.  Short-Term and Long-Term 356 52% 57% 5%
Table 1B.  Short-Term  352 58% 70% 12%
Table 1C.  Long-Term  356 54% 57% 3%
Table 2A.  For All Asset Types 126 53% 56% 2%
Table 2B.  For Asset Type=Corporate stock 126 55% 60% 5%
Table 2C.  For Asset Type=Bonds and other securities 126 37% 52% 16%
Table 2D.  For Asset Type=Real Estate 126 83% 74% -10%
Table 2E.  For Asset Type=Others 126 60% 61% 2%
Table 3A.  For All Asset Types 224 25% 52% 27%
Table 3B.  For Asset Type=Corporate stock 224 33% 52% 19%
Table 3C.  For Asset Type=Bonds and other securities 224 12% 24% 12%
Table 3D.  For Asset Type=Real Estate 224 85% 88% 2%
Table 3E.  For Asset Type=Others 224 43% 67% 24%
Table 4A.  For All Asset Types 208 24% 58% 34%
Table 4B.  For Asset Type=Corporate stock 208 36% 57% 21%
Table 4C.  For Asset Type=Bonds and other securities 208 18% 26% 9%
Table 4D.  For Asset Type=Real Estate 208 83% 86% 3%
Table 4E.  For Asset Type=Others 208 49% 66% 17%

Table 5.3.  "Coverage" Rate - Percent of Panel-converted Sample Estimates                              
Falling within the 95% Confidence Interval

SOI SOCA Report Table

Total Number 
of Cell 

Estimates

Coverage Rate

JSM 2016 - Government Statistics Section

2323



 
 

 

 

0 - 0.1 0.1 - 0.5 0.5 - 1 1 - 2 2 - 4 4 - 10 10 - 50 50 - 100
0 - 10 9 35 31 51 19 10 26 3 184 18.2%

10 - 20 5 6 17 -35 -13 0 -17 -3 -40 -4.0%
20 - 30 15 -12 -38 -1 -3 -10 -9  -58 -5.7%
30 - 40 -4 1 -1 -7 -1    -12 -1.2%
40 - 50 5 -17 -4 -7 -2    -25 -2.5%
50 - 60 -10 -5 -5     -20 -2.0%
60 - 70 -7 -5       -12 -1.2%
70 - 80 -4 0       -4 -0.4%
80 - 90 -2 -2 1 -1     -4 -0.4%

More than 90% -7 -1 -1      -9 -0.9%
Total 0 0 0 0 0 0 0 0 0 0.0%

* The % is based on the total of 1,012 domain estimates of the Number of Transactions

Table 5.4A. The Change in the Number of Domain Estimates of Number of Transactions 

by Cell Size Group and Relative Error Group Due to Using the Simulation Sample 

Relative Error 
(Absolute Value, %)

Cell Size (%)
Total*

0 - 0.1 0.1 - 0.5 0.5 - 1 1 - 2 2 - 4 4 - 10 10 - 50 50 - 100
0 - 10 6 55 16 16 5 4 15 1 118 14.5%

10 - 20 4 3 18 -3 6 4 -2 1 31 3.8%
20 - 30 2 -14 2 7 -3 3 4  1 0.1%
30 - 40 2 -22 -10 -6 -1 -5 -4 -2 -48 -5.9%
40 - 50 1 -9 -12 -3  2 -9  -30 -3.7%
50 - 60 -2 1 -3 -5 -1 -6   -16 -2.0%
60 - 70 9 -4 -5 -3 -3 -2 -4  -12 -1.5%
70 - 80 -1 6 -3 -1 1    2 0.2%
80 - 90  -1 3 2 1    5 0.6%

More than 90% -21 -15 -6 -4 -5    -51 -6.3%
Total 0 0 0 0 0 0 0 0 0 0.0%

* The % is based on the total of 816 domain estimates of Basis

Table 5.4B. The Change in the Number of Domain Estimates of Basis                             

by Cell Size Group and Relative Error Group Due to Using the Simulation Sample 

Relative Error 
(Absolute Value, %)

Cell Size (%)
Total*

0 - 0.1 0.1 - 0.5 0.5 - 1 1 - 2 2 - 4 4 - 10 10 - 50 50 - 100
0 - 10 2 23 13 5 9 13 5 3 73 8.9%

10 - 20 4 36 10 10 3 -9 16  70 8.6%
20 - 30 10 -8 3 -5 -2 7 -8 -3 -6 -0.7%
30 - 40 -6 -29 -4 0 -1  -5  -45 -5.5%
40 - 50 7 -10 -8 -2 -3 -5 -5  -26 -3.2%
50 - 60 1 4 -4 -4 -4 -4 -1  -12 -1.5%
60 - 70 5 -2 -4 -2 -1 -2 -2  -8 -1.0%
70 - 80 0 1 -3  4    2 0.2%
80 - 90 1 2  2     5 0.6%

More than 90% -24 -17 -3 -4 -5    -53 -6.5%
Total 0 0 0 0 0 0 0 0 0 0.0%

Table 5.4C. The Change in the Number of Domain Estimates of Sales Price                            

by Cell Size Group and Relative Error Group Due to Using the Simulation Sample 

* The % is based on the total of 816 domain estimates of Sales Price

Relative Error 
(Absolute Value, %)

Cell Size (%)
Total*
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0 - 0.1 0.1 - 0.5 0.5 - 1 1 - 2 2 - 4 4 - 10 10 - 50 50 - 100
0 - 10 -1 7 -14 -17 -3 2 -26 -9.6%

10 - 20 1 1 9 10 4 -2   23 8.5%
20 - 30 -2 1 3 2 -1    3 1.1%
30 - 40 3 -4 2 5     6 2.2%
40 - 50 -1 -4       -5 -1.9%
50 - 60  -1       -1 -0.4%
60 - 70 1        1 0.4%
70 - 80 0.0%
80 - 90 -1        -1 -0.4%

More than 90% 0.0%
Total 0 0 0 0 0 0 0 0 0 0.0%

Table 5.4D. The Change in the Number of Domain Estimates of the Number of Returns                            

by Cell Size Group and Relative Error Group Due to Using the Simulation Sample 

* The % is based on the total of 270 domain estimates of the Number of Returns

Relative Error 
(Absolute Value, %)

Cell Size (%)
Total*

0 - 0.1 0.1 - 0.5 0.5 - 1 1 - 2 2 - 4 4 - 10 10 - 50 50 - 100
0 - 10 1 1 -5    -4 -2 -9 -12.2%

10 - 20 -1  2 -2  -2  1 -2 -2.7%
20 - 30 -2 1 2 -4   4 1 2 2.7%
30 - 40 2 -2 1 6  2   9 12.2%
40 - 50 1 -1       0 0.0%
50 - 60 -1 2       1 1.4%
60 - 70 1  1      2 2.7%
70 - 80         0 0.0%
80 - 90 4 -1       3 4.1%

More than 90% -5  -1      -6 -8.1%
Total 0 0 0 0 0 0 0 0 0 0.0%

* The % is based on the total of 74 domain estimates of Net Gan/Loss

Table 5.4E. The Change in the Number of Domain Estimates of the Net Gain/Loss                            

by Cell Size Group and Relative Error Group Due to Using the Simulation Sample 

Relative Error 
(Absolute Value, %)

Cell Size (%)
Total*

0 - 0.1 0.1 - 0.5 0.5 - 1 1 - 2 2 - 4 4 - 10 10 - 50 50 - 100
0 - 10 4 18 -7 5 -6 4 -9 -10 -1 -0.2%

10 - 20 -3 5 -3 -12  -14 5 9 -13 -3.0%
20 - 30 13 -13 9 3 5 10 4 1 32 7.4%
30 - 40 -1 -4 4 4     3 0.7%
40 - 50 4        4 0.9%
50 - 60 4 4 -2  1    7 1.6%
60 - 70 -5        -5 -1.2%
70 - 80 -5 -2 -1      -8 -1.8%
80 - 90 1 -5       -4 -0.9%

More than 90% -12 -3       -15 -3.5%
Total 0 0 0 0 0 0 0 0 0 0.0%

* The % is based on the total of 434 domain estimates of Gain

Table 5.4F. The Change in the Number of Domain Estimates of the Gain                            

by Cell Size Group and Relative Error Group Due to Using the Simulation Sample 

Relative Error 
(Absolute Value, %)

Cell Size (%)
Total*
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0 - 0.1 0.1 - 0.5 0.5 - 1 1 - 2 2 - 4 4 - 10 10 - 50 50 - 100
0 - 10  10 22 13 9 5 13 4 76 17.6%

10 - 20 2 -4 -11 -5 -4 2 -3 -4 -27 -6.3%
20 - 30 1 -5 -10 -2 -3 -8 -10  -37 -8.6%
30 - 40 5 7 3 -3 -2 1   11 2.5%
40 - 50 -4 1 -4 -3     -10 -2.3%
50 - 60 -1 -5       -6 -1.4%
60 - 70         0 0.0%
70 - 80 2        2 0.5%
80 - 90 4        4 0.9%

More than 90% -9 -4       -13 -3.0%
Total 0 0 0 0 0 0 0 0 0 0.0%

* The % is based on the total of 432 domain estimates of  Loss

Table 5.4G. The Change in the Number of Domain Estimates of the Loss                            

by Cell Size Group and Relative Error Group Due to Using the Simulation Sample 

Relative Error 
(Absolute Value, %)

Cell Size (%)
Total*
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