In [1]:

# SAFTHR R R AR

from marvel.AntPrint import ant_read_data,ant_write_data # 1 A R A
from marvel .AntPrint import ant_print_all

from marvel.AntPrint import result_printer

from marvel .AntPrint.model import PSM

# AR A

from scipy import stats

import seaborn as sns

import numpy as np

import pandas as pd

from scipy.stats import norm

import statsmodels.api as sm

from scipy.stats.mstats import winsorize

from linearmodels.iv.absorbing import AbsorbingLS, Interaction
from linearmodels import PanelOLS

from marvel .AntPrint import *

import statsmodels.formula.api as smf

import matplotlib.pyplot as plt

from statsmodels.formula.api import poisson

import patsy

from itertools import product

from sklearn.metrics import pairwise_distances

from statsmodels.stats.sandwich_covariance import cov_cluster

import itertools

Last executed in 6 s, finished in 21:06:04 2025-06-30

In [2]:

df = ant_read_data('workdata', mid_table = True)

Last executed in 12 s, finished in 21:06:16 2025-06-30
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In [3]:

df ["EHIT) = af["MEH] L astype ("str')
df ["HREMAT] = pd.to_datetime (df [ 'HRAHATT)
df['year_month'] = df[ 'Tﬁ%/ﬁﬁl’] .apply (lambda x: x.strftime ("%Y-%m"))

# [ E R

df['type'] = df['period_length'].astype ('category')

df ['year_month_cat'] = df['year_month'].astype('category')
df['citycode_cat'] = df['citycode'] .astype ('category')

df['time_city'] = df.apply(lambda row: '{}_{}'.format (row['year_month_cat'],
row['citycode_cat']), axis=1).astype('category')

df['time_type'] = df.apply(lambda row: '{}_{}'.format (row['year_month_cat'],
row['type']), axis=1l).astype('category')

df ["H/id_rank'] = df['EAMWHI1id_rank'].astype ('category')

# REER

df ['cluster_id'] = df[" E@ﬂffﬁ)‘jid_rank' ] .astype ('category')

Last executed in 5 s, finished in 21:06:21 2025-06-30

In [4]:

regdata = df.copy ()

Last executed in 0 s, finished in 21:06:21 2025-06-30

1 iAESEt 1

In [5]:

ant_print_all (regdata[['new_use', 'period_length', "HHl, 'EEHEMR, ' &AL,
'@’ﬁ/—;’\’, 'n_module_consumpt', 'all_consumpt', 'online_consumpt',
'offline_consumpt', 'num_consumpt ', 'fEGEERX G, ' RAIEREC, ' EEREC1],
model_method="describe")
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khkkhkhkk Ak hkhkhkkhkkhkk Ak hkhkhkk ik rhkkhk,kk%

new_use

describe

count 60060.
mean 0
std 0
min 0
25% 0
50% 1
75% 1
max 1
count 60060.
mean 37.
std 12
min 18.
25% 28.
50% 34.
75% 45,
max 87.

count
mean
std
min
25%
50%
75%
max

count
mean
std
min
25%
50%
75%
max

000000 60060.000

period_length

000 60060.000

.739011 6.640293
.439178 5.084558
.000000 3.000000
.000000 3.000000
.000000 4.000000
.000000 8.000000
.000000 21.000000
£Eﬁir/\n__module_consumpt
000000 60060.000000
105128 5.145022
.558085 3.652004
000000 0.000000
000000 2.000000
000000 5.000000
000000 8.000000
000000 21.000000
offline_consumpt num_consumpt
60060.000000 60060.000000
2911.814177 30.225108
7609.723784 43.815044
0.000000 0.000000
0.000000 4.000000
327.000000 16.000000
1985.160000 41.000000
52202.970000 2121.000000

48361.

AR
000000
688443
150588

.000000
.000000
.000000
.100000

160000

R I S S b S S S S S S 2b S S b Sb R Sh b S db S 2 S

0.400

0.490

0.000

0.000

0.000

1.000

1.000

all_c

60060.
3929.
8664.
0.
176.
1010.
3338.

58067.

60038.

P O O O o O O

3/26

.000000

332967

471279

000000

000000

000000

000000

000000

Rl EmAEA REAAAN
000 60060.000000 60060
733 0.433333 0.
051 0.495540 0.
000 0.000000 0.
000 0.000000 0.
000 0.000000 0.
000 1.000000 1.
000 1.000000 1.
onsumpt online_consumpt

000000 60060.000000

583921 868.356031

305087 1852.267457

000000 0.000000

922500 30.000000

210000 250.950000

412500 809.402500

040000 12774.180000

REEGY O REERRN

000000

.234518
.423701
.000000
.000000
.000000
.000000
.000000

60060.000000
5013.346014
16153.969313
0.000000
0.000000
16.010000
1073.037500
108925.310000



Last executed in 0 s, finished in 21:06:21 2025-06-30

ffsx— 1

el 1 BRI T AR

In [6]:
interact = Interaction(pd.DataFrame (regdata["year_month_cat"]),regdatal
"lnavg_pv"])
Iny_list = ['Inn_module_consumpt', 'lnall_consumpt', 'lnnum_consumpt']
if envir ()=="{FEILE:

pass
else:

cats = regdata[['ﬁﬂﬁid_rank','time_city']]
cluster_id = regdata['cluster_id']
x = regdatal[["new_use"]]

models = []
results = []
for i in Iny_list:
y = regdatalil]
model = AbsorbingLS(y, x, absorb=cats,interactions = interact)
result = model.fit (method="1smr", cov_type="clustered", clusters=
cluster_id)
models.append (model)
results.append(result)

# ZEREH
ant_print_all (result_printer, model_method="summary_col",
results=results, model_names =lny_list,

regressor_order = ["new_use"], drop_omitted=True,
info_list=["rsquared"], info_dict={"count": lambda x: x.
nobs}, info_order=["rsquared", "count"],float_format='%.3f")
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khkkhkhkk Ak hkhkhkkhkkhkk Ak hkhkhkk ik rhkkhk,kk%

new_use 0.035*** 0.104** 0.049**
(0.011) (0.044) (0.021)

rsquared 0.750 0.707 0.766

count 60060.000 60060.000 60060.000

Standard errors in parentheses.
* p<.l, ** p<.05, ***p<.01

R I I A I b b b b S 2 A S b b e S Sh Ih b b b b S I 2 4

Last executed in 3 s, finished in 21:06:25 2025-06-30

21 5 KBTI A T i %

In [7]:

for i in ['all_ consumpt', 'num_consumpt', 'n_module_consumpt']:
regdata[i + '_dum'] = regdata[i].apply(lambda x: 1 if x > 0 else 0)
regdata['log' + i] = np.where(regdatal[i] > 0, np.log(regdatal[i]), O0)

Last executed in 0 s, finished in 21:06:25 2025-06-30
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In [8]:

# intensive
Iny_list = ['logn_module_consumpt', 'logall_consumpt', 'lognum_consumpt ']
if regdata.shape[0]>200:

cats = regdata[['ﬁﬂﬁid_rank','time_city','time_type']]

cluster_id = regdata['cluster_id']

x = regdata["new_use"]

models = []
results = []
for i in Iny_list:
y = regdatali]
model = AbsorbingLS(y, x, absorb=cats)
result = model.fit (method="1smr", cov_type="clustered", clusters=
cluster_id)
models.append (model)
results.append (result)

# ERMTH
ant_print_all (result_printer, model_method="summary_col",
results=results, model_names =lny_list,

regressor_order = ["new_use"], drop_omitted=True,
info_list=["rsquared"], info_dict={"count": lambda x: x.

nobs}, info_order=["rsquared", "count"],float_format='%.3f")

khkkhkkhkkhkhkhkhkhkhkkhkkhkk Ak hkhkkhkk kA rhkkhkk,k,k%

new_use 0.041*** 0.145%** 0.068***
(0.012) (0.044) (0.022)

rsquared 0.747 0.710 0.765

count 60060.000 60060.000 60060.000

Standard errors in parentheses.
* p<.l, ** p<.05, ***p<.01

khkkhkhkkhkhkhkhkhkhkkhkhkk Ak hkkhkhkk kA r ki khkk%

Last executed in 4 s, finished in 21:06:29 2025-06-30
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In [9]:

# extensive
df_list =
for i in df_list:

['all_consumpt']

regdata[i+"_dum"] np.where (regdatal[i]>0,1,0)

dum_list = ['all_ consumpt_dum']

if regdata.shape[0]>200:

cats

cluster_id

regdata['cluster_id']

X

regdata["new_use"]

models =

[]
[]

for i in dum_list:

results

y = regdatali]
model = AbsorbingLS(y, x, absorb=cats)
result = model.fit (method="1lsmr",

cluster_id)
models.append (model)
results.append (result)

# SR H
ant_print_all (result_printer,
results=results,

regressor_order = ["new_use"],

cov_type="clustered",

regdatal[ ['H/7id_rank', 'time_city', 'time_type']]

clusters=

model_method="summary_col",
model_names =dum_list,

drop_omitted=True,

lambda x: x.

info_list=["rsquared"], info_dict={"count":
nobs}, info_order=["rsquared", "count"],float_format='%.3f")

R I e S I 2 b S S S b S b S b S S b S Jh S 2 4

new_use 0.029%**
(0.006)

rsquared 0.580

count 60060.000

Standard errors in
parentheses.

* p<.l, ** p<.05,
*Hkxp<, 01

R I S I b S e S I S b I b S b S I S b S db S 2 S

Last executed in 1 s, finished in 21:06:30 2025-06-30
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In [10]:

regdata[ 'newuse_p_case'] = regdatal'new_use'] * regdata['p_case_}\ﬂipﬁf]

reg = regdata.dropna (subset=["p_case_AHFH])

covid_var = ["p_case"]
cats = reg[['ﬁﬂﬁid_rank','time_city','time_type']]
cluster_id = reg['cluster_id']

if envir () =="{HEIHE .
pass
else:

for j in covid_var:

interact = f'newuse_{j}'

x = reg[["new_use", interact]]

y_list = ['complement_dum', 'substitue_dum'] # r&@& EAMHZE
models = []

results = []

for i in y_list:
y = regli]
model = AbsorbingLS(y, x, absorb=cats)

B AR %

result = model.fit (method="1smr", cov_type="clustered", clusters

=cluster_id)
models.append (model)
results.append(result)

# SERA

ant_print_all (result_printer, model_method="summary_col",

drop_omitted=

results=results, model_ names = y_list,
regressor_order = ["new_use", interact],
True,
info_list=["rsquared"], info_dict={"count": lambda x:
x.nobs}, info_order=["rsquared", "count"], float_format='%$.3£f")
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khkkhkhkk Ak hkhkhkkhkkhkk Ak hkhkhkk ik rhkkhk,kk%

new_use 0.024*** 0.017**
(0.009) (0.009)
newuse_p_case —0.143**%* 0.010
(0.055) (0.056)
rsquared 0.553 0.470
count 58762.000 58762.000

Standard errors in parentheses.
* p<.l, ** p<.05, ***p<.01

R I e A IR b b b b S e SR S b b b e S Sh Sb b b b S I 2 4

Last executed in 4 s, finished in 21:06:34 2025-06-30

fEszn 1

Zell 1 HEERE AR R E S 1
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In [11]:

adjust = regdata.dropna (subset=['FRETHIRIELLH] 1)
model_list = ['lnn_module_consumpt'] * 5

if regdata.shape[0] > 200:
cats = adjust[['ﬂyﬂid_rank','time_type']]
cluster_id = adjust['cluster_id']

models = []
results = []
regressor_order = []

for col in ["FRERTEGRECLLAI", "R EBRb, "HRpRIE", "R AR, n BB 55 Wl e At

#"7 -
x = adjust['new_use']
y = adjust['lnn_module_consumpt']
interact = Interaction (adjust['year _month_cat'] , adjust[coll])

model = AbsorbingLS(y, x, absorb=cats,interactions=interact)

result = model.fit (method="1smr", cov_type="clustered", clusters=
cluster_id)

models.append (model)

results.append (result)

# BHYET newuse_{col}' M ’new _use' M regressor_order 5

regressor_order.append (f'newuse_{col}")

# fJa, ¥ new_use' JIA regressor_order
regressor_order.append('new_use')

# g5 R
ant_print_all (result_printer, model_method="summary_col",
results=results, model_names=model_list,

regressor_order=regressor_order, drop_omitted=True,
info_list=["rsquared"], info_dict={"count": lambda x: x.
nobs},

info_order=["rsquared", "count"], float_format='%.3f")
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khkkhkhkk Ak hkhkhkkhkkhkk Ak hkhkhkk ik rhkkhk,kk%

Inn_module_consumpt I 1lnn_module_consumpt II Inn_module_consumpt
ITT Inn_module_consumpt IIII Inn_module_consumpt IIIII

new_use 0.054**x* 0.054**x* 0.054**x*
0.054**x* 0.055**x*

(0.011) (0.011) (0.011)
(0.011) (0.011)
rsquared 0.723 0.723 0.723
0.723 0.723
count 60038.000 60038.000 60038.000
60038.000 60038.000

Standard errors in parentheses.
* p<.l, ** p<.05, ***p<.01

R I I S IR b b b b S S b b b b e S Sh Sh b b b S I 2 g

Last executed in 8 s, finished in 21:06:41 2025-06-30
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In [12]:

model_list = ['all consumpt_dum', 'all_ consumpt_dum']

if regdata.shape[0] > 200:

cats = adjust[['ﬁﬂaid_rank', 'time_city', 'time_type']]
cluster_id = adjust['cluster_id']

models = []

results = []

regressor_order = []

for col in ['FREUE, EUXEIT] :
X = adjust[[f'newuse_{col}',f'newuse_{col}_??j?,'new_use']]
% adjust['all_consumpt_dum']
model = AbsorbingLS(y, x, absorb=cats)
result = model.fit (method="1lsmr", cov_type="clustered", clusters=
cluster_id)

models.append (model)
results.append (result)

# %?gﬁﬁﬁfnewuse_{col}' %D’new_use' ﬁﬂ)\regressor;order 7ES
regressor_order.append (f'newuse_{col}")

regressor_order.append (f 'newuse_{col}_~FJi’)

# fJa, ¥ new_use' JIA regressor_order
regressor_order.append('new_use')

# g5 R
ant_print_all (result_printer, model_method="summary_col",
results=results, model_names=model_list,

regressor_order=regressor_order, drop_omitted=True,
info_list=["rsquared"], info_dict={"count": lambda x: x.
nobs},

info_order=["rsquared", "count"], float_format='%.6£f")
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khkkhkhkk Ak hkhkhkkhkkhkk Ak hkhkhkk ik rhkkhk,kk%

newuse FREEIUE  0.008785%%¢ -

(0.003032) -
newuse_FRPEIE_FJ7 -0.000133***

(0.000046) -
newuse_HIXAIA - 0.010529***

- (0.003570)
newuse_ K _~FJ7 - -0.000172***

- (0.000057)
new_use 0.000082 -0.001098

(0.010755) (0.010952)

rsquared 0.580911 0.580921
count 60038.000000 60038.000000

Standard errors in parentheses.
* p<.l, ** p<.05, ***p<.01

khkkhkkhkkhhkhkhkhAkhkkhkkhkk Ak hkhkkhkk kA hrr ki khkk%

Last executed in 5 s, finished in 21:06:46 2025-06-30
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In [13]:

# b

Iny_list = ['lnonline_modules', 'lnonline_consumpt', 'lnonline_consumpt_num']

if regdata.shape[0]>20000:

cats = regdatall 'ﬁﬁ)i'id_rank' ,'time_city', 'time_type']] # [&] X6 R0
cluster_id = regdatal['cluster_id'] # REEL

x = regdata["new_use"] # fRAREAH

models = []

results = []

for i in lny_list:
y = regdatali] # HAFRASE:
model = AbsorbingLS(y, x, absorb=cats)
result = model.fit (method="1lsmr", cov_type="clustered", clusters=
cluster_id)
models.append (model)

results.append (result)

# SR
ant_print_all (result_printer, model_method="summary_col",
results=results, model_names =lny_list,

regressor_order = ["new_use"], drop_omitted=True,
info_list=["rsquared"], info_dict={"count": lambda x: x.

nobs}, info_order=["rsquared", "count"],float_format='%.3f")

R I I A I b b b b S I I b b e S Sh Ib b b b S b 2 g

new_use 0.031*** 0.128*** 0.053#**x*
(0.010) (0.038) (0.017)

rsquared 0.733 0.704 0.741

count 60060.000 60060.000 60060.000

Standard errors in parentheses.
* p<.l, ** p<.05, ***p<.01

R I I A I b b b b S SR b b b e S Sh Sb b b b S I 2 g

Last executed in 4 s, finished in 21:06:50 2025-06-30
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In [14]:

# 2T
Iny_list =['lnoffline_modules', 'lnoffline_consumpt', 'lnoffline_consumpt_num'

]

if regdata.shape[0]>20000:

cats = regdata[['ﬁ”ﬁid_rank‘,'time_city‘,'time_type‘]] # B BRI
cluster_id = regdatal['cluster_id'] # REEL

x = regdata["new_use"] # fRAREAH

models = []

results = []

for i in lny_list:
y = regdatali] # HAFRASE:
model = AbsorbingLS(y, x, absorb=cats)
result = model.fit (method="1smr", cov_type="clustered", clusters=
cluster_id)
models.append (model)

results.append (result)

# SR
ant_print_all (result_printer, model_method="summary_col",
results=results, model_names =lny_list,

regressor_order = ["new_use"], drop_omitted=True,
info_list=["rsquared"], info_dict={"count": lambda x: x.
nobs}, info_order=["rsquared", "count"],float_format='%.3f")

R I I A I b b b b S I I b b e S Sh Ib b b b S b 2 g

new_use 0.031*** 0.121*x* 0.047**
(0.011) (0.053) (0.023)

rsquared 0.738 0.689 0.762

count 60060.000 60060.000 60060.000

Standard errors in parentheses.
* p<.l, ** p<.05, ***p<.01

R I I A I b b b b S SR b b b e S Sh Sb b b b S I 2 g

Last executed in 4 s, finished in 21:06:54 2025-06-30
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In [15]:

categories = ['EITHEEED, AR, 1 HE R

dumy_list = [f'{board}_dum' for board in categories]
cats = regdatal[['H/7id_rank', 'time_city', 'time_type']]
cluster_id = regdata['cluster_id']

# BUNEL

if regdata.shape[0]>20000:
x = regdata["new_use"]
models = []
results = []

for i in dumy_list:
y = regdatali]
model = AbsorbingLS(y, x, absorb=cats)

X.

result = model.fit (method="1lsmr", cov_type="clustered", clusters=
cluster_id)
models.append (model)
results.append (result)
# SR H
ant_print_all (result_printer, model_method="summary_ col",
results=results, model_names=dumy_list,
regressor_order = ["new_use"], drop_omitted=True,
info_list=["rsquared"], info_dict={"count": lambda x:
nobs}, info_order=["rsquared", "count"],float_format='%.3f")

R I I A A b b b I S S AR I b b b e A S Ib b b b S b b g

BT ERE_dum  AFARS _dum  HEEI_dum

\

new_use 0.006 -0.003 -0.003
(0.007) (0.002) (0.003)

rsquared 0.411 0.234 0.267

count 60060.000 60060.000 60060.000

Standard errors in parentheses.
* p<.l, ** p<.05, ***p<.01

KAKRA KA XA XA XA XA XA XA XA XA XA XA Xk X K

Last executed in 4 s, finished in 21:06:58 2025-06-30
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In [16]:

df = ant_read_data('data_heckman',mid_table = True)

arf [ IRE)

df [ "HREH] .astype ("str')

Af [ " M1] = pd.to_datetime (df ["R&EHIT])

df ['year_month'] = df['#EHI1] . apply (lambda x: x.strftime ("$Y-%m"))
df['provcode'] = df.groupby (["HHAM 1) [ HHEAY] .ngroup ()

df ['citycode']l = df.groupby (["®IAM, 'HIEWT ) (' EHEAG, "WIHET ] . ngroup
()

df ['countycode'] = df.groupby (['FHIHEAN, 'WEWT, 'WIEXED) ["EEEG, W

g, ' WHKXE] . ngroup ()

Last executed in 9 s, finished in 21:07:07 2025-06-30

In [17]:

df ['year_month_cat'] = df['year_month'].astype ('category"')
df['citycode_cat'] = df['citycode'].astype('category"')

df['time_city'] = df.apply(lambda row: '{}_{}'.format (row['year_month_cat'],
row['citycode_cat']), axis=1l) .astype('category')

df['time_type'] = df.apply(lambda row: '{}_{}'.format (row['year_month_cat'],
row['type']), axis=1l).astype('category')

df ['H'id_rank'] = df["'EAWNWHIid_rank']. astype ('category')
df['cluster_id'] = df ['EAHAI1d_rank"'] .astype ('category')

df = df.rename (columns={"ybIRE": "ER/EMR", "rsikKE": "EFHHA")

Last executed in 4 s, finished in 21:07:11 2025-06-30
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In [18]:

# —HrE
# y BOANNEREMERE, y=0 FREMLHF/NT3 A AR PIESE 2000 BIK, RN
AT B AEAASE FH AR o T B 5 Zh RE A4
# x_select el iR H AT
y = df['y"]
x_select = df[['age_45", '&HER, 'BEMHMA, 'new_use']]
ant_print_all (x_select, model_method="describe")
if df.shape[0]>200:
model = sm.Probit(df['y'], x_select)
cluster_id = df['cluster_id']

result = model.fit (cov_type="cluster", cov_kwds={"'groups': cluster_id})
ant_print_all (result, model_method="summary")

df['y_hat'] = result.predict ()

# AR R (pdr) FIRS M EEL (cdf)

df['pdf'] = norm.pdf(df['y_hat'])

df['cdf'] = norm.cdf(df['y_hat'])

# TFEWOR/RETEEER (TMR)
df['imr'] = df['pdf'] / df['cdf']

18/26



khkkhkhkk Ak hkhkhkkhkkhkk Ak hkhkhkk ik rhkkhk,kk%

describe
age_45 A %%ﬁ‘if% new_use

count 66110.000000 66110.000000 66110.000000 66110.000000
mean 0.715474 0.403661 0.306822 0.718817
std 0.451192 0.490635 0.461178 0.449580
min 0.000000 0.000000 0.000000 0.000000
25% 0.000000 0.000000 0.000000 0.000000
50% 1.000000 0.000000 0.000000 1.000000
75% 1.000000 1.000000 1.000000 1.000000
max 1.000000 1.000000 1.000000 1.000000

R R I e S I b S b S S db S S 2b Sh S b Sb R S b Sh Sb S 2 S

R I e S I b S S S S db S S 2b Sh S b Sb R S b S Sb S 2 S

Probit Regression Results

Dep. Variable: vy No. Observations:
66110
Model: Probit Df Residuals:
66106
Method: MLE Df Model:
3
Date: Mon, 30 Jun 2025 Pseudo R-squ.:
0.1430
Time: 13:07:14 Log-Likelihood: -
17338.
converged: True LL-Null: -
20231.
Covariance Type: cluster LLR p-value:
0.000
coef std err z P>|z]| [0.025
0.975]
age_45 0.6828 0.052 13.165 0.000 0.581
0.784

AR ER 0.8605 0.091 9.444 0.000 0.682 1.039
AR 0.8763 0.128 6.863 0.000 0.626 1.127
new_use 0.7310 0.042 17.454 0.000 0.649

khkkhkkhkkhhkhkhkhkhkkhkhk A hkhkkhkkhkk kA hrr ki ikt %

Last executed in 3 s, finished in 21:07:14 2025-06-30
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In [19]:

# ke
regdata = df[df['y']==1]
Heckman_list = ['lnn_module_consumpt', 'lnall_consumpt', 'lnnum_consumpt' ]
if regdata.shape[0]>200:

cats = regdatal[['H/7id_rank', 'time_city', "time_type']]

cluster_id = regdata['cluster_id']

x = regdatal[["new_use","imr"]]

models = []

results = []

for i in Heckman_list:
y = regdatali]
model = AbsorbingLS(y, x, absorb=cats)
result = model.fit (method="1lsmr",

cluster_ id)

cov_type="clustered", clusters=
models.append (model)
results.append (result)

# HiR%H

ant_print_all (result_printer, model_method="summary_col",

results=results, model_names = Heckman_list,

regressor_order = ["new_use","imr"], drop_omitted=True,

info_list=["rsquared"], info_dict={"count": lambda x: x.

nobs}, info_order=["rsquared", "count"],float_format='%.3f")

Rl I A A b b b i S AR I b b b A db db b b b e d b g 4

new_use 0.060%*** 0.223*** 0.105**x*
(0.015) (0.059) (0.029)

imr 0.254 1.630% 0.659
(0.233) (0.930) (0.446)

rsquared 0.753 0.711 0.769

count 60060.000 60060.000 60060.000

Standard errors in parentheses.

* p<.l, ** p<.05, ***p<.01l

AR b b b b b b I b b b b b b b S b b b S b b S g b b a4

Last executed in 5 s, finished in 21:07:19 2025-06-30
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In [20]:

df = ant_read_data('psm_data',mid_table = True)

Last executed in 699 s, finished in 21:18:58 2025-06-30

In [21]:

## WA

df ["REMIT) = af [ iAW) . astype ('str')

df ["REMT] = pd.to_datetime (df [ "IREHITT])

df ['year_month'] = df['?ﬁ%ﬁﬁlﬂ.apply(lambda X: xX.strftime ("$Y-%m"))
df['type'] = df['period_length'].astype('category')

Last executed in 83 s, finished in 21:20:20 2025-06-30

In [22]:

# [ E RN A AR i

df ['year_month_cat'] = df['year_month'].astype('category"')
df['citycode_cat'] = df['citycode'] .astype ('category"')

df['time_city'] = df.apply(lambda row: '{}_{}'.format (row['year_month_cat'],
row['citycode_cat']), axis=1) .astype ('category')

df['time_type'] = df.apply(lambda row: '{}_{}'.format (row['year_month_cat'],
row['type']), axis=1l) .astype('category')

df ['HFid_rank'] = df['EHAWAHIid_rank'].astype ('category"')

# K

df ['cluster_id'] = df['E?gitﬂyﬂid_rank'].astype('category')

Last executed in 583 s, finished in 21:30:03 2025-06-30
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In [23]:

df_t= df[df['EEMERT] == 1]
df _c = df[df[’ %%A&ﬂﬂfj] == 0]

#PR B LB AR TE % 24 A B30A (8 B9 MA

df_t['tag'] = 0

df_t.loc[ ((df_t['#R&EM1== 20200331) & (df_t['Biftpv'] == 0)), 'tag'] = 1
df_temp = df_t[df_t['tag']== 1 ]

df_temp = df_temp['E@g4tﬁ”ﬁid_rank'].unique()

df_t = df_t[df_t['EAMWHI1id_rank'].isin (df_temp) ]

df_t = df_t[(df_t['period_length'] >= 3)]
df = pd.concat ([df_t,df_c],ignore_index=True)

# EETZIEHHH
df_original = df

Last executed in 11 s, finished in 21:30:14 2025-06-30

In [24]:

# AR A T 2R AR AR A AL A
df = df [df ["#EH] < 20200331
## WHEFRTHIH AL, HBMEILA
df['all_consumpt_mean'] = df.groupby (' EA P id_rank') ['all_consumpt'].
transform('mean')

df [ 'num_consumpt_mean'] = df.groupby (' B2 id_rank') [ 'num_consumpt'].
transform('mean')

df [ 'n_module_consumpt_mean'] = df.groupby (' 44k id_rank'") [
'n_module_consumpt'].transform('mean')

Last executed in 7 s, finished in 21:30:21 2025-06-30
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In [25]:

xvar = ["all_consumpt_mean", "num_consumpt_mean", "n_module_consumpt_mean"]
test = dAf [df ['AEAMEAFT] == 1]
test = test[["E%ﬂiﬁﬁ}i'id_rank","all_consumpt_mean", "num_consumpt_mean",

"n_module_consumpt_mean", "SEAALEH " ]
test = test.drop_duplicates (subset="E@f&ﬁﬁ)ﬁid_rank")

control = df [df['ZAMEEAI] == 0]
control = control[["%@%%Fid_rank","all_consumpt_mean",
"num_consumpt_mean", "n_module_consumpt_mean", ";& A" ]

control = control.drop_duplicates(subset="%@ﬂﬁﬁﬁ)ﬂid_rank")

# WIS EY I T S ) 53

model = PSM(test=test, control=control, xvar=xvar, yvar="/ &ftLkEH"")
# Y ¥fprobit/logit

model.calculate_pscore (covariates=xvar, method="probit")

# ¥THlprobi t AL &4

ant_print_all (model.pscore_model, model_method="summary")

model .match (nmatches=1, replacement=False, radius=None, measure='covariates'

, scale=True, seed=0)

23/26



khkkhkhkk Ak hkhkhkkhkkhkk Ak hkhkhkk ik rhkkhk,kk%

Probit Regression Results

Dep. Variable: y No. Observations:
148545
Model: Probit Df Residuals:
148541
Method: MLE Df Model:
3
Date: Mon, 30 Jun 2025 Pseudo R-squ.:
0.01041
Time: 13:30:28 Log-Likelihood: -
13474.
converged: True LL-Null: -
13615.
Covariance Type: nonrobust LLR p-value: 3.762e-
61
coef std err z P>|z|
[0.025 0.975]
all_consumpt_mean 1.781e-07 3.69e-07 0.482 0.630 -5.46e-
07 9.02e-07
num_consumpt_mean 0.0019 0.000 8.250 0.000
0.001 0.002
n_module_consumpt_mean -0.0611 0.004 -16.954 0.000 -
0.068 -0.054
const -1.8360 0.017 -106.576 0.000 -
1.870 -1.802

R I e A I b b b b S 2 AR S b b e S Sh Sb b b b S I 2 g

Last executed in 11 s, finished in 21:30:32 2025-06-30
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In [26]:

# ARIUCER, AR P AT AR AL
test_weight, control_weight = model.test_weight.copy (), model.control_weight

.copy ()
test_weight /= test_weight.sum()
control_weight /= control_weight.sum/()

# ARELICHEC 5 AR B AR MBI E R S|, BRI A RS 2R
test_indices, control_indices = model.get_indices (stage="after")
selected_test = test.iloc[test_indices]

selected_control = control.iloc[control_indices]

df_PSM = pd.concat ([selected_test, selected_control],ignore_index=True)
df_temp = df_PsSM['BEZAMHFid_rank'] .unique ()

df_original = df_original[df_original ['"#iZ&H] >= 20200331]
regdata = df_original[df_original['E5g4hﬁyﬁid_rank'].isin(df_temp)]

Last executed in 2 s, finished in 21:30:34 2025-06-30

In [27]:

regdata['all_consumpt']=winsorize (regdata['all_consumpt'],limits=[0, 0.017,
nan_policy='omit")

for i in ['all_consumpt', 'num_consumpt', 'n_module_consumpt']:

regdata['ln' + i] = np.loglp(regdatali])

Last executed in 0 s, finished in 21:30:34 2025-06-30

25/26



In [28]:

cats = regdatal[['H/7id_rank', 'time_city', "time_type']]
cluster_id = regdata['cluster_id']

y_list = ['lnn_module_consumpt', 'lnall_consumpt', 'lnnum_consumpt' ]
x = regdata["new_use"]

models = []

results = []

for i in y_list:

y = regdatali]

model = AbsorbingLS(y, x, absorb=cats)

result = model.fit (method="1lsmr", cov_type="clustered", clusters=
cluster_ id)

models.append (model)

results.append (result)

# R
ant_print_all (result_printer, model_method="summary_col",
results=results, model_names =y_list,

regressor_order = ["new_use"], drop_omitted=True,
info_list=["rsquared"], info_dict={"count": lambda x: x.nobs},
info_order=["rsquared", "count"],float_format='%.3f")

Rl i A I A A b b b I S A I b b b S A Ib b b b S b g 4

new_use 0.050**%* 0.157**x* 0.080**x*
(0.011) (0.044) (0.021)

rsquared 0.745 0.709 0.757

count 120120.000 120120.000 120120.000

Standard errors in parentheses.
* p<.l, ** p<.05, ***p<.01

Rl i I A A b b b I S AR I b b b A dh I b b b e d b g 4

Last executed in 8 s, finished in 21:30:42 2025-06-30
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