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Abstract

Commuting plays a crucial role in addressing global climate challenges. This study aims to investi-
gate the influence of households on commuting behaviors. By integrating common household char-
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acteristics and employing the TabNet model to analyze daily travel data of 5663 residents in Wenling
City, it was found that household characteristics play a more significant role in commuting carbon
emissions for most travelers compared to individual characteristics. Specifically, the primary mode
of transportation within the household, the ownership of transportation vehicles, and the average
number of trips per household member predominantly influence this impact. The results also indi-
cate that this influence is less pronounced among socially vulnerable groups (women, minors, el-
derly, and low-income individuals), while varying degrees of similarity are observed among men,
middle-aged individuals, and high-income groups. Based on these findings, this study suggests that
the formulation of low-carbon policies should be tailored to the household circumstances of differ-
ent population groups, and the effectiveness of low-carbon emission policies can be evaluated based
on changes in household situations.
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1. 518

AERA AR O H 2 IR Bk, b, B ASSEEBIFTE AR CO2 HA 2 R SR R 2
—.o B AERRIR AR R PR, B CO HEBUSUN AN BALI i) 8. Fril R R ER, HAE
A BRI ESRHEBCR I A R R E A A T2 2030 AEAN 2050 A, R JE R E SIS HE SRR o5 4
BRI 60% LA 1-[1]. 10 EAE Ak K CO HESUE [2], A8 = KRBT IE 22 d@is finlk [3] . #i
M, 3 2035 4FH [E AT @ BRHE BN A BRI BRI =2 — A 1 [4], BAEARSRK — BARFEE K
3AKI5]. DRUE, T AR e o 5] A8 385 A A7 78 1 Il X IR 56 A R A A AR I 1 Bk i 22 O A 2

R ENAT AME A AT I E I, FhHEBOL 52 2 2 Fh A 2K 15, X 88 R 5 A 2R Y 1
AT NEA —EMAE, F B S RURE . BSABREA HATHIE = K38, fEshsbnt b, wF
T AT 3 3 R 2k AR HE R R . A0, S FEE S 1A 1] 7 [6] R R [ 7] S WA
FWMAE BB RSRAT N Iy A . A, FKEESSRHE R IR TR 8 B AT S TR SR AL SRR
UM EIRE R OCHE B . FKEE N S ARG, TEAMAIEENT S AR RS h i 7 oGk M . BT
K BERFAE T I8 B BHE R 52, A B T IR AR Eh AT R e SEALSI R AR, 3 REHE 7 5K B 2 T 1)
WM AN o X — A AT @ B RRHE BT SOVL I ER A T R FR,  [RIRE AT il 858 AU B A0 5E
BURTRE R 2RI SL R S % .

AW 7K TabNet BEALVE N T H o MIE TG RILR IR, &V R B 2 SRR X T ik £r AR 2k
O A5 B NG AT LA MLAS 2 ST RIUR 2 IR Y, e A A B R B T THD R AL 3 AR
#. EE, TabNet BAVARAE B2 JFUIR RIS BARAE NN, &% 7T EBUNTACE TR, AT Ress Ok B
A i e B AT AR (5 B . FLIR, TabNet BB T 7 B3 = L DASRE SR Y i 2% 21803, TERR MR
FL P B R E BT HE . S ERS, TabNet BERUAAY AES IR (L4 R R, IEREUS IR
TR, XS LR MRS £ IR S I E W AN TS . TabNet FE AU 7E % FiAS R Gk ) 245 46 LR O &
R 70T BN T FAth A 2 ST ) M RE[8]
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2. HEXHEEB

IR HH AT C RN A BROA R A 10 B A AR 0, R SR B0 AT U I R 300 T R S AL B A B
B BUATHT SRR, S0 38 S HE O DR 2 AT RS0 o E AR A A 3R P RE . AR A =
AMER A GV RHE K I DR B S T, neERe ., ). AR F LR K9] [10]. Tk, BEE W
PCRIINIZE, 3T A ) SBT3 2 S E 1] il , FERHBCRE[12] T4 5K [13] 55 5 5 R i AT
BRHAER 2R R AR R R SRS, IR L L B A Sk & AT v O R IZ8 3 55 SO0 PR 3Rt R 2
SO BRI [14] o SRTIT, XL T 2 B AR T MRS M RIS, X Ry — AN B AR e S i i
BT ORI AT ER . ERBRZ T, AT (S A R X I EN AT R AR IR . B TR
SR BE PG B R R o S 3 B A N PR ORAT DR [15], Tt 23 e 3 A R AR 5 32 e Jom 24 36 A2 e A
FBUFI[L6], A 23 3L A2 T8 A AR AN 25 FEE BE I n xR A2 (R A P M [17] [18] . BbAh,  HATHE X RIEE . &F
ISR I R A B R L AT IR FE[19] [20]. ANKER Y, BUAT (0 AT REmi R R 0 R (N A HL 4T
{EURE X BRE AT D B A B RAR I T W R 2R S5 B 2 T 5% AR (K TE AT AN 2
FAMERETOITE B, TR, N TRGEEOR, JCHIRIREET 2], IR EIE BT N B = 2L
HFRAL 7 omA I TR flhn, e N R4 10 PN TR O e oh N T 25 [ BT P ORI 2 [21] o
TR 52 ST RS AE T H w45 O AL BERE 70, REME SRS AL M) (AR LR SC R, IX N E4E S5 T 3 Bk
FEBOT SR AL 7ORTRO DT IR AR . AT SR TabNet #5274, 458 K ERHEAIN NHHATAT N, IRAIZHE X E
FEIE AP K S, O RBRBOR I E SR RA R -

3. HiE
31 BREE

AW FEET F B EE Sk B AE B IR0 AT 0 — OUE R AT S . SRR R TR
T I X o YR AN GON R B R BE N A B oS R 2 DL B AR R SR O (BLFE ORI L AR 37 B 5 55) -
e R0 B T BT I B G A R R R (R AR ) 20 A, HP RSN N ZERFAE 9 AN DA R SR RE KR AE
12/~ BARMR:

Q) MR B >1, &t > 2;

(2) #: NE >0, Ak >2, mh >3, AF >4, REKLLE >5;

) BAEEH): —TkbAF >1, —TEWT >2, WTH=T >3, =TH LT >4, LTI/\T >
5 J\FLLE > {465

4) BTEw: BEEZT >0, BT 6 A% >1, BT 18H% >2, ZFKRKT 18 A% >4

(5) FEEWM AN T AANEFCHRAEMISCFREE : 5REURA > 1, A >2 —f >3, FF >4, RE
£ > 5;

(6) ACIBMIRELIRENAL B (2 7518 18 K I A S LR B E 1) LI %) il B 28 1 R A A 2R A5 B R 15 i
Wi FERETE. TFEBITHN R EEFEEE): PR mERE 1. 20 3. 4. 5, 7 HlE &R
TR B 3R 1 SRS e T A T

(7) EEALE: FR . BATIREL RENEL FMIA L. 2ol TEMA G FiEhir F 205
FRER AT AT B FEE R P AT RE B8 . SRR 53 7380 AT IR 1) 3R e A 3SR HE T o

32 WEBRLE
B AR AR B T SR AT F UGB B BRI . BRI T IPCC B H 1 “ B R B BHEROTH
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SO7,  BVRYE AT B B S AT AOBRH. BRI SRR HES O A K
CE=LxF a)

~ARQ)H, CE NJEREE) — R AERHATHAL, LoVERIESHEE, FOvERITHAME
A BRHE A 1

N T SRBUEEAL AT 3 b 3 R B A A 8 S 7 v 10t AT B B AN P R T Sl TR, A B 1 e IR
HAT I ERIE R K 1 R R AT 203 . HHAT 3 75 BARYE SEPR 1 DUH'S BRI AT RS AR TA] L 28 s ik 8] A
Lo R 288 77 30 0 AT H SR AR, T DI R IE S L, TR AN A (2 BLTHER
BRI B ER

L ZL(M ><V)

== O]

AT, L AERE R TFHEEEEE, M A—GES TR, Vv i@ S a2 E
THEMGEE, TAI—RA HATH REEIXEL

4, &g
4.1. TabNet {&5Y

TabNet BRI BIURAERFIESIN G, 1 S S R S 3 SR BURME R A B 24k RS R e, it
TR ) A AR R R ) B A BRI R R, T R S R B S . XML R R
ANRFAEXT AT R SR TR AR B, RN VRGP IR, TabNet #fd FH A AL SR B d B B AR IE . B
Ji, TabNet B s D IR RER LR, A R A& I Tl 25

TabNet 3= 2L TAEHLI AL HE LR PUASEE 53

(1) BRAEEFER: A% I S AE T R 603 . TabNet {8 FH 7T 2% 5] H3RY M [i] e R it
WIR LSRR AE PR SR R Pl G BEAE , NRHE ) A BT T M) f BTE RIS, b £ ONRAE L)
. T LLEIE A 315 3:

M[i]= sparsemax(P [i-1]-h (a[i —1])) (3)
Sorb, bR AR P[i] A5 LB,
S5 L A7) T3 7~ R 8 REAEAE 2 BT B R gl A AR, enld it A 4 3.3
P[i]:Hj:1<7_M[j]) )

He, y RS, 4y ST LR, BWE —MEIERBRE— NP Yy e,
B — MR T ATE 2N e sfob b e il A

N7 R R g, AR TR AR RN, AR

I S S e LS
steps
Heb, e NMOBERGEER B BIREIN L X Agarse -

(2) FRAEAREE: 203 1k B ARFAE A 8 Ik R AE e 0 23 1R AT AR B, RP IR A s p L 5 2 AU SR D IR AR G 1
EH K. Hrh, ;§§§E§E%G%37%Eﬂ<ﬁﬂEﬁ@@ﬁ§ﬂ3¥%q“fﬁfﬁfﬁﬁﬂE@*ﬁﬁEo T R SR 0 BRAH DG 1 )2 IR 48 4 i ok
FOP P RE AT 1 — P AL 2

SR I P 2 A A e st ) i d () RS L R al(i) B AY,  RIVESTALZE KO ERA N RRAE S5 B3R5 1)

®)
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KF P EAE B Rgs R, it AR(6) T H A2
[d(i).a(i)]=f(M[i]- f) (6)
Her, d (i) T RN 2w, a(i) @ T RN =,
(3) WIfEREYE: TabNet s fli ] 7 R SR AEEZNEHERD M, , | SRIREEA DB B R SR TR, 7T
AR A
> g [i] My, [i]
Ma -b.j = I Nsteps H (7)
o Z'—lz—lp 7 [1]M b,j[']

M, [i] BB 55 | SRS IR, T35 b MREARRIES j MRS . Wik M, | [i]=0
LAEZB IR, H b MRERIE | MHEXSRIERA TR, n,[i] 2D REG AAEF b MERES T Mk
FL B R AT, AlEd AR (@) HEA R

m,[i]= 2. ReLU(d, . [i]) (8)
Forb, nRd, [i]< 0, MWL i 55 T R AR BAR LA Tk -

(4) ANE>]: TabNet ] ME S SR MBI MERE, JRAE B B 2 I BUB 18 T B AR,
a9 frs.

(fb,j - fb,j)'sb,j

2
B 1
f ———
\/ZD—l( b,j BZE_1fb,j}

o, f, FREMEMHE, f, | FREHEA
4.2. FHEEEMITME

AHIE TR NGRS BB AE B B AT R AE B VR VP . HARTT VR N R AR R 47 B 6 5
T, T EEAE R LR LT 35 75 R 22 (MSE) AR A R My AR AE A B 4% . R B s (R 22 B 25 0
I, Ul B AZARHE o S 2 T 4 R B . 0T R ZE R TR I A 5K 10 Pk

MSEI =%Z’j\‘_1( f (X : )_ f (xpjermuted ))2 (10)

)

B D
Zb:le:l

b, MSE, FR 8 i MFER T 322, N FoRIRER RS, X0 FRE R, X e, 7
K28 | MRFEHHT B R 05§ DA, f(Xj)i%%J?iﬁﬁﬂiW!U% , f(Xp"ermmedi)%%%E?ﬁuﬁﬂ‘ﬁﬁiﬁ!ﬂ%

5. Z5R
AT ERNAR BN B B HE R A B0 [ R 25, AT 048 FE 3 T TabNet (%5 AF 5 2 PR ff A R0 % T3
PEHEAT T VEAN AT K 40T

5.1. REFHEX BEEHE AR RN
MRIEZ 1 ATRLRI, FIERHER P EEEE 0.223, MNFHMER T EEE, 0.188. B S,
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AT 10 AXoF i BRI e S RHIE T, A 8 AN @ T R EERHIE . 1X 2 B FRRE IR R AE 236G /S N B B ik 4%
HHEATE RN ). XF “FRKERTANY LG T K 2 HOs B £ AT AT TSR A A
FREMIERE T EM . xR 1 RS IRERIEA T — D EE, RI “FREBATFEF” . %
BT EPAR” M RN H BT RS A FERF AR IX — o rh i = S A G (E .
0.5192. 0.2411 £l 0.2233), “FKEEHATEE X" BRI LS HHE—. AU TSN EE)
1T 2 BN K BE NI R 01 2 (A AE A7 77 g £ Ergbh g 535RM0 R, BRE 7N NI ET R 2 3 K
ISR Z R o

Table 1. Importance of variables in commuting carbon emissions
#* 1 ETLENBYREBNEZNNEEE

AR I

FE NI 0.174376
FEENEL 0.173433

BT AR 0.175712
FEEHAT B2 TT A 0.519211
FRE NI H AT R 0.223339
K BEN BRI AT I 18] 0.170379
KEENIEFIR AT R S 0.164827
AT 0.163943

LB T HEIAEN 0.24109
FE AT TR SRR 0.170806
FBE R AN T AT SCHF L 0.168959
FRE AR T BRI SRR 0.16879
531 0.165848

e 0.168433

* 0.158244

LON 0.16774

AT K 0.168125

U R P 2% L B S 2 R 4RSS 1 HE T 0.169257
T I I8 R A A8 2R 7 1) T I % 0.170947
THELATIN R AW IR 0.169072
1 RGIE 0.167143

5.2. REFENTFARERBF BRI M ER

MRHEE 2 AT CLRIN, RN Lo AR 38 B HE OS2 BN R R 3mSR FE A E B B 2 7. W T &
PR, AR R 2 Hol B HE O R A 24, = AN K. X 3R B Lo B HE I 32 B KR (T34
EEF. 0.3763) N NKHMECP Y EEE: 0.3756) KIS 7. S8, STFEHEME, FERECPFY
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HEEE : 0.3142) 0 BRHESA R D 5 2, T NS AE P32 B2 0.2862) I SZMA AT B/ o BLARTIT 5
55V 1 e Sl e IR TSR T S S BRI T ) SR RE AT 7307 (R 0.3834) M1 “ KR N8 H AT

ORE” (BEEPE: 0.3568)R4M . X Ui W I 5 g 1) 3 B2 AT 5 A0 SR 1 1) AT K — e RE P /] ABON
B A HEDN SR B A R S B A . XA B R AT BE YR A S o B AR R E A AR SR ) T
MIZES . FEAEG RS R rh, TR S AR B 2 M F SRSl R ATAE S, R A AT T 3 84T
N 525 BE N R IR o

Table 2. Differences in the impact of household characteristics on commuting carbon emissions by gender

2. REFFEX AR A B ENRHER B F I E S

_—- R
5 i’q
FKEE NIRRT 0.3309 0.3758
KRENEL 0.2988 0.3756
BT 0.3016 0.3759
FKREHAT EE TR 0.3834 0.3777
FRE NI H AT R 0.3568 0.3785
K BE NI B AT I 1) 0.2879 0.3744
FRENSL TR HAT RS 0.2893 0.3765
AN T 0.2838 0.3753
AT LR 0.3218 0.3759
FE R TR S 0.2958 0.3767
TR R GIR T A SRR 0.2934 0.3766
IR E R DR T BEFT R SRR 0.3278 0.3765
FREFAFAEIME 0.3142 0.3763
M NFAAEIME 0.2862 0.3756

5.3. REFHEXN T ARFR A BERAMTMOER

MG 3 AT LURIN, 7E/NT 18 5 AR AR NFERIK T 50 & i mid ABEh, FKEERHES N AN RRIER)
P E I /N T 0.001. IX IR X PSRN I I8 SRR HE O TR IR 2R B AR 2 s T AE 19
£ 50 B NRET, PRI R Z A s e M 2 B 1 A o IR 22 Sk T RE A TR T AN R4
WA A TEBT BT AR B E R

R RS NI Ry e AR BRI AR ABLAE T BE IR T I PSR A AL 1IN 0 2R 30 AR BT LAl N 2 S 2 3t K
T K BE SRR AL 2 ORI RS NI H K L, T 4R AT REAROB T A AR AN R E MR . X
ANMERSEAR T H AT IR B, H i TR s B AR RO BR A TR RSl TR, 2 i
BT EAEMEE KR AIASE  PAT B R R BB MEEZ R, 19 2 50 % HYREE NI AT RESE 2 ik T
PRI R B, BT ORGSR TR EEN AT 0N M2 B SRR RN, 0
FRENREAETRERI. RKE R Ga 2P0l TR, REREK TP T FIERHEEIZFE I BT
(K5 EAE B G, JFAEA R KR AL A 2 L ] 22 5
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Table 3. Differences in the impact of household characteristics on commuting carbon emissions by age
= 3. REFHEN T EIFRBETRAM N NER

HEE
AR
0~18 19~30 31~40 41~50 50+
FRE N B = 0.1487 0.3717 0.3984 0.3407 0.5750
FEENEL 0.1482 0.3596 0.3356 0.3052 0.5742
Zr e 0.1490 0.3614 0.3125 0.3000 0.5732
FREHAT FE 0.1474 0.3848 0.3321 0.3574 0.5710
ZFEE NI N AT I 0.1495 0.3845 0.3177 0.3178 0.5745
FBE NSRRI AT I ] 0.1484 0.3560 0.3116 0.2909 0.5715
FRE NI AT BE B 0.1484 0.3600 0.3218 0.3158 0.5761
TR T 0.1488 0.3562 0.3176 0.3136 0.5767
228 T BARA 0L 0.1494 0.3741 0.3935 0.3233 0.5752
FRERL ST TR I SRR 0.1486 0.3560 0.3105 0.2993 0.5741
FRERL AR T A S SR 0.1499 0.3555 0.3353 0.3126 0.5752
R SRR T BRI SRR 0.1483 0.3577 0.3789 0.3397 0.5780
K EERFHESME 0.1487 0.3648 0.3388 0.3180 0.5745
AN NEFFIEE 0.1487 0.3611 0.3199 0.3087 0.5753

5.4. REFHEX T AR A BB ERRAMT M ER

14 JRIL T FBERHER A FYN N B BB AR 2N 22 57 . #E 0~2000 WANREAR T, FKEERFAES A
NFFAER P2 BB 2246 00 0.0011, 4% TR 30T I B BRHE U AR G 2 . SR, BEAE WO KT HI3R
1 SBERFES A NI AP 24 B B R ZE A BT h K, RIS RS AT I8 B HE A S i i e, Hob
FEHONVEE MM E. RARTE, T EET 7 M SOl THRIAE” XA B R B K
e, s BB R R AR B T R 2 HAF R T

Table 4. Differences in the impact of household characteristics on commuting carbon emissions by income

4. FKEFFHEXN T EMIN B ENRH IR N E R

HIE
AR

0~2000 2000~3000 3000~5000 5000+
FRE N B = 0.1868 0.1851 0.4515 0.4181
FEENEL 0.1848 0.1761 0.3027 0.3832
BT H 0.1850 0.1747 0.3075 0.3342
FREHAT EZ 7= 0.1850 0.2340 0.3514 0.8100
ZFEE NI N AT I 0.1889 0.2227 0.3717 0.3327
K BE NSRRI AT I ] 0.1856 0.1672 0.3291 0.3709
FRE NI AT BE 0.1856 0.1685 0.3120 0.4462
TERHAT 1 100 0.1855 0.1665 0.3120 0.3538

>

3
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THEAA 55 0.1836 0.1841 0.3385 0.4562

FBRE R T TR SRR 0.1846 0.1703 0.2949 0.3810
FRERL AR T A S SR 0.1850 0.1689 0.3348 0.3620
R SRR T BRI SRR 0.1867 0.1662 0.3315 0.4041
KEERFHERME 0.1856 0.1820 0.3365 0.4213

AN NEFHESE 0.1845 0.1686 0.3180 0.3774

5.5. RBVGRATEMEFSELIRIUE

TEARSCIWE e, SRA T TabNet #4125 W) 2 B0 8 B picHE S s 00 B 3R EATHR 2R . A ARIESS R T
FEVE, ORI HLES 22 SR REAT TR K BRI AB(KNN) SZRFFENL(SVM). B3R
THRFEW (GBDT) R A H . FEREREE AR L, T LOSS fE(#ik B #0) . RMSE (3977 1 22) fl
MAE (PHIgastin2) = MEFbr 745 & %%, LOSS fHATE 7 AL Z A Bl 5 B Sl £ 5, KT
ALK I . RMSE Il MAE Pl 7B ZE MK ER RO TRORE B . IR 5 X HesB 4 el LB 3, I
TR LOSS. RMSE #l MAE #0i 2 “ RIF” MIbsit, X R EAEXAME S EHA BN RIFIER
Hl. {HE TabNet f A 7E LOSS (0.1539)F1 RMSE (0.3923) i ME s L # AL fE 45—, £ MAE WAL LIARH]
0.01 M ZERRII 5 =0 4¢A KA, TabNet BLAITEA AT %5 o BAT 5 oA A5 10 1k fig

Table 5. Performance evaluation of different models

5. BIEBHMREANER

i) LOSS RMSE MAE
TabNet 0.1539 0.3923 0.2802
KNN 0.2040 0.4517 0.2723
SVM 0.1661 0.4075 0.2872
GBDT 0.1646 0.4057 0.3294
AkAE = 0.1573 0.3967 0.2930

6. &t

AHFiE L TabNet #AU & B HAT HH BT 20 M, DOYIEAR 5 Xt + i RO B BRHE K 72,
M AR AT 3R B e e . BB T, ADO REERHEREAT 1 2t SO AR S, IR
IR HT T 5K BE R 300 8 BB TR 52, 28453 7 — RAITEM S R 5k, E X
RFALE XS 3 S B HE TR B AR S, R ISR BE R AR B A NS AEAE S B B HE 0 43 855 S N 2 Ay
Hrp, FEPREZNATT A FERZETAEIAEE. FEE R0 T2 AT B — e mi i g
FAEM . UG TERE TS EE R IR AN S B G M 2 5, KBS R B SR BE AR A A
Al RN NTE P R E IR R R BEETER . SERe . AN KPR, SR BERHIEIZHT
RS N R BL A B e St i . Herb, “SOEEZMAT I ERABM T RHAES, 5. TF
o RBANBER AR RI. B, T afh. REE. il IRIONIZ LSRR UL, % TR ZxT
0 AR ) B R BN S

i LG5 B AN 2 M eT DAIER, 4 T K2 B R %E‘%RT&%L%NE‘J%%%E%
R, 1 HKBERF AR BE % S R - HEWT S e S N BB HE B AR . 2T IXANE R, ASTUONBURF A

DOI: 10.12677/0rf.2025.151005 45 BE 51


https://doi.org/10.12677/orf.2025.151005

R 55

FHRHURE 12 SR J2 T 1) 5 A R A A Ve IR B R AT BOR . AE Al . AT R IE W,
B A AN ST T, 5 22 s AR SRS I 2 (AT IR 7 IR AL B AR S R 4 &
AR, TSR 1 5 3 T AR S S 175 0 ) A2 R P A AR B R IS A 1 S AR

EEUWH
El X BB %5 4:(71601118); g B TR 22 K% A GIH LI H (XJ2024141).
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