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An example: Education and election turnout data 

Turnout

Education No Yes Total

Low (154) (885) 1039

High (28) (676) 704

Total 182 1551 1743

Y2

Y1 0 1 Proportion

0 p

1 1-p

Proportion q 1-q

CIA: pq
L = max(0, p+q-1)
U = min(p, q)

(0, 0.104 = 182/1743)
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Proxy data fusion (PDF) given { (Z1, Y1), (Z1, Y2) }

ij

Proxy conditinoal independence assumption (CIA):    

Target joint distribution:     

Surrogate joint distribution by proxy CIA-based PDF:             
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ure preserving estimation (SPREE):           

Minimum data requirement:      { , ( , ) }
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Distribution calibration (DC) and Proxy DC 
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Example: (31,28,41)  and (30,30,40)

31 0 0 30 1 0

= 0 28 0         0 28 0

0 0 41 0 1 40
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Surrogate joint distribution by Proxy DC:          for   by DC       

Minimum data requirement:     { ,  ( , ) }   
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Integration of statistical data by Proxy Data Fusion
X

1X

KY

1Y

…

X:
- Census/register
- Common, known

Y:
- Sample
- Selective/partial,
target, expansive

SM

1 1( ,..., | )?       ( , ,..., )?K Kf y y x f x y y⇔

KY
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X

1X

KZ

1Y
1Z

…
KY

X:
- Census/register
- Common, known

Y:
- Sample
- Selective/partial,
target, expansive

Z: 
- Census/register
- Common, proxy,
cheap

SM

PDF

1, 2,...( , ) ( , ),   for k k k Kf x z f x y =≠

Integration of statistical data by Proxy Data Fusion
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X

1X

KZ

1Y
1Z

…
KY

X:
- Census/register
- Common, known

Y:
- Sample
- Selective/partial,
target, expansive

Z: 
- Census/register
- Common, 
surrogate, cheap

Z�:
- Micro calibration
- Valid (Zhang, 
2012), complete

1Z% KZ%

SM

PDF

1, 2,...( , ) ( , ),   for k k k Kf x z f x y ==%

Integration of statistical data by Proxy Data Fusion



9

Uncertainty analysis:
Relative efficiency of proxy data
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Uncertainty analysis:
Uncertainty upper bound of (proxy) data fusion
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The binary case 
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Conditions for absolute reduction of uncertainty space
���� Relative efficiency < 1
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RE = 1

RE = 0.83

RE = 0.38

RE = 0.20

182
182

1743
∆ = ∝

(127 24)

   151

∆ ∝ +

=

(53 16)

   69

∆ ∝ +

=

(15 14 6 2)

   37

∆∝ + + +

=

Estimates: True 0.0884    Proxy-CIA 0.0852     MUB 0.0845


