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1. 0000

0000 (treatment effects) 0000000000000 0000O000O0O (causal effect) 00000DO
goboooobooboobbooboobbooboobobooobooboobbooboobbooba
gooooooooboboboooooooooooobobobbbbbobooodoooLobD bbb bbbog
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ATEO0OODOO0O0OU0DOO0O0O0OOO0OUO0O0OO0O0OOO0O0OOD0O0DUDO0OU0O0O0OODO0ODO0OUOUOoOOO
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00000000000 0OD000000DUO0ODO0DOD (heterogeneity) 0O O0ODODOOOOOOODO
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gooooooobooooobooobooooooboobooobooooboooboOooOoOoOooOoOoOooOoOobooOoooon
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CATEODUDODOO0O00OO0OO0O0D0OODOO0O0OOoOoOoooooooooon

1. 0000DOOo00obOoOooooogoooboogoo
2. 000000000000 0O00ODOODOOOOObOOobOOn

1.1 CATEDODO

0000000000000 00 (potential-outcomes framework) 000D O000D0 +0000000DO
00o00o0o0o0o0ob0o0000 ()OO OooOOo +0000000000000000000000D0D0D
»(0) 00 0000000000000 0 0000000000000 x;,000000000000DOO0
CATED0DOOO0DO0OOO0OODODOOOODO

CATE = 7(x) = E{y;(1) — v:(0) | x; = x}

0000 CATEODO x, 0 xO0O0O0OOO0OO0OO0O0O00O00O00O00O00000oo0o0oooooooo
ooooo

7(x) 000000000 (partial linear mode) 0000 0000000000 (fully interactive model) O
000000000000000000000000000000000000000000* 000000
000000odo«0000000000D00D0D00000 yOOOOOOOO0O0 2000000 40000
gooooooo

1000000000 (fully interactive model) 00000 [Example 500000000
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00000000000 0o00O00oOU0o0OU00 ATEDOOOOO0OUOOOOOooOooooooooo
oooo

y=dx17+g(x,w)+e
d=f(x,w)+u

bbb xO0Ow0O 2000000000000DO0DODODODODODOOOOOOOODOODOODOD
goooOooOoOooOoOoOoOoDOOoODOOOOOO0OCOCOCOODOODOODODOODODDO d«7O0ODODDOODOOO
0000 g(x,w)0OOO ¢e0000000000ODO0OO0OODO0ODOOOOODOOOOODOOOOODOOOD
000000 f(x,w)0OUOO «000000000000D0000DOO00OODOO0ODOOODOOOODOOO
gbooooooooboboobooo

y(1) =7+ g(x,w) +e€
y(0) = g(x,w) +€

00070 ATEOODOOUOOOOOOOOO

ATE = E{y(1) —y(0)} =7

oooboooobooobooo xoobooooooooooooooooooooooooooooboooon

O0o0o0oooooo
y=dx7(x)+g(x,w)+e

000 x0000D0OO0O0O000O00O0O000000000007(x)0x000000dO0ODOOOOODO
0000000000007 (x)0x0000000wODOOODOO0OOD0OODOOOOODOODOOOOOD
7(x)0 g(x,w) 0000000 D0O00O000O0O0ODOOODOOOOOODOOODOOODOOODOOODOODOO
gobooooooooboOoobooOoooooOooobooOooon

=7(x)+g(x,w) + ¢
y(0) = g(x,w) +e¢

000 7(x)0 CATEDODODOOOOD
E{y(1) —y(0) |x} = 7(x)

00 7(x) =x/400 g(x,w)=x1+w 0000000000000000000000000000
gooooboobooooboobooboboobooboobDbooobooboobooboboobooo
gobboobbodbibOoU cateybgoobboobboobboobboobboobbooboba
0000000000000000000 7(x) 0000 Athey, Tibshirani, and Wager (2019) 00000
0000000000000 00 (generalized random forest) 0000000000000 O0ODOODOOO
000000g(x,w)O f(x,w)OOOOO lasso0 000000000000 DO0OO0ODOOOODOOOODOO
000 7(x) 0 g(x,w), f(x,w) 0000000000000 000000000000cated000000
gobooobooboobboob
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1.2 CATEODDO

oobooooooooooo

13 cateO OO QOO

oobooooooooon

2. 000000

oobooooooooooon

3.000

oOoooooocoboobDOobDobDOobOOobOOobDOobDooooonoooo0ooo0o0o0on0nn cate0dn0nQ
00000000000 DExample 1-700000 401(k) 000000000000 OOOOOOOODO
cate00000O0O0O0O0O0OO0OO0OOOOOODOCOOOOCOOODOO

(1) 0000000000 40(k) 0000000000 DO0ODOO0O0ODO0OODOOOOOOOOOODO
cobooboooobooooobooooooocooobooono

(2) 0000000000 0O0ODOO0O0O0OOD0O0O0OD0O0OOD0O0D —0O0000O0D0D0O0ODO0O0OOOO
ooboooo —oooooocooboooobobooooo

(3) 0000000000 DOO000DODO0O0ODO00O0DLODO0O0OO0DODOOODDODOOODOO

Example 800000 2000000000000000000O0DOOOOOOO0OOOOOOODOOODOO
oooobooooobooooooooooboobooobobo0ooobooooooboooDboooobooboOooDboOoOooooDooOg
coooodgooo

> Example 1: 00000000
0000 Example 00O OO0 assets3.dtal 000 401(k)DDDDDDDDDDDDDDDDDDDD
goooooobogo

. use https://www.stata-press.com/data/r19/assets3.dta *2
(Excerpt from Chernozhukov and Hansen (2004))

*20000000File > Example Datasets > Stata 19 manual datasets O O O O Causal Inference and Treatment-Effects
Estimation Reference Manual [CAUSAL] O cate 0000000000 OOO



Stata19 whitepapers

oobobooooooocooboocoobooooooOobocOooobooOono

. describe

.Bdescribe

ContainsBdatalfrom https://www.statalpress.com/data/rl19/assets3.dta
EObservations : ERRRRERER9 , 91 3ERERRRRERERERREREREX cerptef romEiChernozhukovBand
2 2 2 2 2 2 2 2 3 2 2 3 2 3 PREREREREHansenk (2004 )
BRREEVariables: RPR11EE [FI27EFebk2025(119:19

ERERER R R R R R R R R R R R R R R R R ER R R RRRERERERRER (_ dtakhasEnotes)

Value
labelBRERRERVariablekllabel

VariableRBREEREStorageRREDisplay
EEEENnameREREERERE Y peBRERformat!

assets BfloatBRE%9.0g NetBtotalBfinancialBlassets
age BbytelRRER%9 . 0g Age

income BfloatREE%9.0g Household®income
educ BbytelERRE%9 . 0g YearsBlofBleducation
pension BEbytelRRR%16 . 0gRERER1bpen PensionBlbenefits
married BEbytelRRER%11. Og MaritalBstatus
twoearn BEbytelERR%9 . 0gh TwoBlearnerihousehold
e401k EbyteRRERR%12.0g 401 (k)Religibility
ira BEbytelRRR%9 . Ogh IRABparticipation
ownhome BEbytelREE%9 . 0g Homeowner

incomecat Bbytell IncomeBlcategory

Sortediby: e401k

0000000009913000000000000000000000000DDODODDOOOOOOn 401(k)
gooooooooooooooo E][]O/l O00ed401k0000O00O0O (net ﬁnanchﬂ,as&ﬁs) ooooao
assets 00 0000O0O0ODOOOOOOOOOOO0O00O0O0O0OOOOOOOOOO

o

e}

o

[¢]

incomecat - 000000000000 ODODOO/1/2/3/4000000000000

age - 0O

educ-0000000000 (1-18)

pension - 00000000 ODOODOOO

married - U0OO0O0O00O000OO

ira - IRA (Individual Retirement Accounts) 00 000000000000 00000O0
ownhome - U O0O0OO0O0OOOOOOO

twoearn - OO ODOOOO0OOOO0OO
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O00O0OooOo0bDb0D0OD0D0OD e401k 0 assets 00O DOODOOOO incomecat, age, educ, pension,
married, ira, ownhome, twoearn U0 0 U0 0x 0000000000 OO0OOOO0OODOOOODOOOO
U e401k U assets 00000000 xODOOOOOOO —0OOD0OO0ODODODO xO0DOOOO —
000000000 Oasset(1) 0 401(k) 00000000000 O0OO0OO0OOOOOO0OOasset(0)0
go00b0obO0o0o0oooDOooobO0obOobobooooOooooboobOoboo

E{asset(1l) — asset(0) | x}

gobooooooooooo

00000xO000D000000D0000D00D0D00O CATE O IATE (individualized average treatment
effects)DDDDDDDDDDDDDDcateDDDDDXD catevarlist 0000000

0000000 oOo0o0ooOoUooO0 POOOOUOOOOOIATEODOODOOOOODOOODODOOODOOO
gobooooooooobooobooooooooobooOobobooOoooon

assets = e401k * 7(x) + g(x) + €
7(x) 000 401k 0000000000 x000O0yg(x)00ODOO0OD0O0O0DOO nuisance 000eOd 0O
0bob0ooooooboobOobOobO e401x0oooooboobOn

e401k = f(x) +u

00000000000 f(x) 00000000000 nuisance 000w 00000000 0OOODOO

gobooboobooon

0000000000000 0 7(x)0 IATEDODOODOOOOODOOO

7(x) = E{asset(1l) — asset(0) | x}

0007(x)0000000000000000000O00O00O0D00O0D0O0O0ODOO 7(x)00000
gooooooobbobbooooooooboobobDooooobobObDbbbbDooooUooLDD
0000000 Athey, Tibshirani, and Wager (2019) 00 0000000000000 DOOOOODOOO
(generalized random forest) D0 OO0OO0OD r(x) 0000000000000 0OOOOODOODOODOOOO
000000000000 (causal forest) 00000000000 OOcate000000OOOOOOODO
gbobooooooogo

cate 000000000000 O00O0D0O0D0O0 xOOOOOOODOO catecovarsJO0OO0OOO0OOOO
00000000000 0D0O0O0000 [Pl macro, 0000 BROIODODODODOODOODODOOOOODDOOO
ooo

. global catecovars age educ i.(incomecat pension married twoearn ira ownhome)


https://www.math-koubou.jp/s19c01.html�

Stata19 whitepapers

cate 0000000000000 poO 00000 0Opo 00000 partialingout 0000000000
0000000000000 000000000000D0O00000000 assets 00 catevarlist D000
O00O$catecovars 000000000 0DO0O e401k00000O0O0O

e Statistics > Causal inference/treatment effects > Continuous outcomes
> Conditional average treatment effects O 0 O
e Model O O: Estimator: Partialingout 0000000
Dependent variable: assets
Covariates for the CATE model: $catecovars
Treatment variable: e401k
Random-number seed: 12345671

cate - Conditional average treatment-effects estimation

Model iffin Method Advanced Reporting

Estimator

© Partialing out
() Augmented inverse-probability weighting

Dependent variable:  Covariates for the CATE model:
assets ~ | ... |$catecovars

Treatment variable:
ed01k "

Options
Control variables for the outcome and treatment models:

© Compute GATE for group variable (O Compute GATE for group variable
W 2 :
12345671 Random-number seed 10 - Number of folds for cross-fitting

71 | By Cancel Submit

01 cate00000 - Model OO
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.BlcatelBpoll(assetski$catecovars)i(e401k),Brseed(12345671)

CrossBfitBfoldE1RofR16E. . .
Performing®lassoliforBloutcome assetsh...
PerformingilassolforBtreatment e401ka. ..

( output omitted )

Cross@EfitBfoldE10RofR10E. . .
Performing@llassoBforoutcome assetsk...
PerformingRlassolifor@treatment e401ka. ..

Performing@irandomiforestforIATER. . .
EstimatingBAIPWRscoresh. ..
EstimatingBATER. ..
ConditionalBaverage@treatmentleffectsEREEENumbertoftlobservationskl
Estimator:EQ PartialingBout
OutcomeBmodel LinearBlasso
Treatmentlmodel :BLogitllassol
CATEEmodel : BRREREERandomEforesthl

[v]

ENumbertlofEfoldsBinklicrosse
ENumberflofRloutcomelicontrolskEk= RRR17
EINumberBlofEtreatmentiicontrolskl= BRR17
ENumberflofRICATERvVariableskRRRR= RRER17

9,913
EEE10

EEEEEE FERobust

FEEEERERassets |ECoefficientBRstd.Rerr . BREEERZERERP> | z | BERER[ 95%Hconf . Binterval ]

ATE
ERRRERRRERe401k
FI(Eligible
RRRVS

NotBeligible) BIER7937.182RRR1153 . 91 7EREER6 . 8RR . 000RRRERES677 . 309RRRRE10197 . 05

POmean
ERRREERERe401k

BENotReligible |EEE14016.38EREE833.4423EREE16.82EERO.000ERERE12382 . 87EEREHN15649.9

00000 assets 00000000000 DO0OD €401k 00000000000 DO0OODODO cross-fitting
000000000 0D0OOD0OOOIATEDD 7(x) 00000000 POOOODO nuisanced 00D OOODO
00y¢(x)0 f(x)0OO0OOODOD0OO0OODO0O0OOOOD0OO0DOO0O0 xO00D0D0O0DODODOOOODODOODOOOO
obob0obob0ob0ob0oooobooboobDobObU0bO0bU0b0ObU assetsooooooogonO
Olasso0 000 e401k 0 0000000000000 lassoO0 000000 0ONuisance 00000000
0000 —lassso00000000O0ODODODOODOOOOOO0ODOOOOOOOO0OO0 —OOOOOOOOO
cate O cross-fitting0 00 0000000000000 OOODOOOOO0OO0DODOODOOOOOOOOOO

0000 1000 cross-fitting D000 O00ODO

coobooooboooobooooooooooOoocO0oOoOooOooooOooooOooOoOooOooOooOboOOoobooOOn
000000000000 00000 lasso0 00000000000 OOMethodOOOOMmM
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Cross-fitting 0 D0 0000000000000 D00O000D0O00DO0DOO0OO0O0ODOOODODO®O0000
IATEODODOODOO AIPW (augmented inverse-probability weighting) 0000000000 0OAIPW OO
000000 200000000000000000000000O0O0O0000OO AIPWOUOOOOOOO
ATEDOOODOOODOOOOD ATEDOODOOOOOOODOOOD 401(kk) 00000000000 OOO
00 401(k) 0000000000000 0O0OO00OOO0O0ODOO0OO $7,93700000000000D0O0OO
0000000000000 D0O0O0O00O0LO0DO0ODOO0 401(k)000000O0DLO0OOODOODOODODOD
$14,0l6 00000000000 OOO

00000000000 ATEDODODD cated TATEOD 7(x) 0000000000000 OOOOOO
oboo0ooOoboooboobOO0bOOob0oO0o0bO0ob0O0c000b0O00b000n0d categraph histogram OO OO
00000 7(x)0000000000O0O0O0O0ODDOOO

e Statistics > Postestimation > Diagnostic and analytic plots

> Histogram of the IATE predictions > Launch O 0O O
e MainOO: OOOODODOOOODOOO

categraph histogram - Histogram of the IATE predictions

Main  iffin Density plots Add plots Y axis Xaxis Titles Legend Owerall

Data

© Data are continuous
() Data are discrete

Bins Y axis
O 10 - | Number of bins O Density
O . () Fraction
= idth of bins .:‘) Frequency
O Lower limit of first bin () Percent
Bar properties [C] Add height labels to bars
Bar label properties
71 Cancel Submit

O 2 categraph histogramUOOOOO - MainO0O

.BcategraphZhistogram
(bin=39,Bstart=040204.13,width=2975.4332)

0000 1000000000
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8.0e-054

6.0e-05

Density

4.0e-05+

2.0e-054

0=
-50000 0

IATE

IATE predictions

50000

100000

000000000 ooo0O00oo0O00ooO000oODO00000D tallOODOOOOOODOOOOODOO
0O ATEOO 401(k) 000000000000 0O0OO0O0O0ODOOOOOOOOODODOOO

oobooooooooon

> Example 2: 0000000

ooooooooooooo

> Example 3: 00000 ATEODOO

oobooooooooooo

> Example 4: OO00O0O0OO0O0O ATEODODO

ooboooooooooo

> Example 5: AIPW DO OOOODO

oobooooooooooo

> Example 6: 000000000 OOOOOOOO

oobooooooooon

> Example 7. OO0O0O0OO

oobooooooooooo
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> Example 8: 000000000 O0OO

oobooooooooooo

OO0 —tableDOODOOO

goboooobooboon
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