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Abstract

Against the background of the platform economy, food delivery riders, a major flexible employment
group, face severe income volatility and inadequate social security issues that are related to work-
ers’ rights and the sustainable development of new business models. This paper takes food delivery
riders in Guangzhou as the research object, and uses multi-source data such as questionnaire sur-
veys, weather and business districts to systematically analyze the driving factors, risk characteris-
tics and protection policy effects of rider income volatility by comprehensively using multiple linear
regression, random effects panel, machine learning and PSM-DID. Social insurance can effectively
mitigate income volatility and has a convergent effect on income disparities within groups. The mit-
igating effect of social security policies is context-dependent, with its effectiveness being more pro-
nounced in high-risk scenarios such as extreme weather. Based on this, suggestions are made to
optimize platform allocation mechanisms, expand the coverage of institutional guarantees, and im-
prove risk buffers for extreme scenarios, providing decision-making references for protecting the
rights and interests of flexible employment groups.
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M, LGP, XGBoost #Z R AFL I MHLE]; UG8 GARCH HEM 5 573 Hr 1 imi 5 35 X
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WAFIERE, 2205 79 3 100 40 A ROFEAS; R TMIT 2024 EIEHARSRMEE, BE RS AR,
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FEONTERAERE, B M 11 MTEUX S BHANSET & o PR BLE: 2 e s =IiRef: 28—, XRA.
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KA RS, XHESARREIATIR N LU BR BN ZE R XTSRRI th AL EUEAS, AR 5
Ry 1.2%, HEREEEPAEDH X BFRES G E, ORI ITHRELHK. &
FPA BRI GBS T — RO AR, SRR R AR B, AR S5 R AR SR
PERZI ;S AL AR A (O BB AR T 208, SEE AR BB R . T . vt — P IR EE
AT ARAEYE, ASCHONR N 2 EAANE E R SR H, 45 R BoR 0 AR I R BT RS B EAR
KR, U TR R AL F T A& S EEE R iR )

22. BEEN

Gu— A H A X GmiE# MathType. A =N00d 2 o 2 2 MathType HH/NES . $E5 Sk
&5, FNFEELMEEERS .

FERHE AT 55 & HIT 8808 (order_quantity). 45 HU A (revenue, N O ERASE). 4 H
B AR (max_temp) AR — RFIERAE &, w2 S ek H . TR H . T/EHBUE &K (rain_day . holiday-
weekday. rest_day, HUE N 0 = 1). tbsh, BEFEXEFEEMAELSRE . BAMRK . &K
{#F&745 & (has_social_insurance. has_accident_insurance. has_labor_contrac), A K fi & i Rl pe s 1% B 10 3%
#8735 (business_density) . 73 S AUAR &7 THI , R IR (weather, B0  /INFR45) « BITZEAT BUX 45 (district) «
Fir &7 & (platform, WisEH]. 7 4). LARR % B2 554 (density_level, 734, H1. IK=2K). XxeeAp
NGRS T 70 5 B AR T 78 5 (B Bl 5 2 4R A (3R 1)

DOI: 10.12677/5a.2026.158176 21 gt FE 5N


https://doi.org/10.12677/sa.2026.158176

IS

23 MR GIT SYILERAR

2.3.1. &REER ST
10 AR B IR G 45 B an e 2 Fion . FEARTGF HIURON 270.65 Jo, FrifEZEiL 121.56, ML
ANEFRE, WAFHERE; H¥T R ER{E 26.28 #., SN 2IH & IERXT R KR,

Table 1. Variable definitions and descriptions

F1 TEENSHH

g B4 i

Y revenue RAE: WAQL)

X1 order_quantity FEHIT R R

X2 rain_day REBEANNKO= 17, )
X3 holiday RENTBHO= &, 1= 2)
Xa weekend RENTAEHO= B, 1= &)
Xs has_social_insurance REBHEMHEKO0= F, 1= &)
Xe has_accident_insurance REBRIMERO0= &, 1= &)
Xz has_labor_contract RMBBHNERO= 5, 1= 2)
Xs business_density 5

Xo max_temp HHEERE(C)

X1o platform A3 & HARgmiE (BUE R

ORISR 2 B 870 JR AL«

EAMRRE 5 R IK 74%, B SRESRF 32%. 5780 & F2E T

3 25%, il FEPEORRRGR 0025 o 1 Bl B PEARHEZZ RN, SR P AN [ DX 3 b 7 R P ) 2 ) 22 5 B A

N 85 7 i Akt

Table 2. Description and analysis of relevant indicators

= 2. ERIERREIR AR

L7 ¥IH FrifE 2= Min Q25 Median Q75 Max
PEE s 26.28 9.17 0 19 27.00 34 40
A 270.65 121.56 0 150 273.76 341.205 580
I e T 27.02 4.42 20 23 27.00 31 34
AR IR 14.63 2.95 10 12 15.00 17 19
EETW 0.59 0.49 0 0 1.00 1.000 1
i H 0.07 0.26 0 0 0.00 0.000 1
TAEH 0.29 0.45 0 0 0.00 1.000 1
SEE TR 278.89 125.43 75 150 300.00 300.000 500
R H SR 0.32 0.47 0 0.00 1.000 1
A BAMRK 0.74 0.44 0 1.00 1.000 1
A A 0.25 0.43 0 0.00 1.000 1
Dl 58.36 55.81 2 11 51.00 87.000 192
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Figure 1. Income distribution under different security policies
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3. WA FNHIIRENE R 2T E R X S 2 i 554

NAERGER RSP LR FUCN BB RO 3R, A SCIRUCR B EL R IR S BN L AL
RO TR IR UE L R L, 0 — D 4 S LR o D) T iR AR AR R VR IR B A, 2 4R IR S R AR
.

3.1 EEEESZEHM S

AR T HW A AR A &, DAT i 2 REREE N R R, IR, TR .
e R AR S P AR B, MR UE 2 T Ik B AR . 22 VIF ke, PrA R8T ZIEIKA T /h T 5,
AFEE T 2 EILLNE,  [BIASR AR 3 Fos.

Table 3. Multiple linear regression results

=3 ZIEMEAER

Bl X PR iR t1H pH
['ON - - - -

— 9.50655 3.14290 3.025 0.00249
T 9.37890 0.04826 194.325 <2e-16
MR 16.28140 0.88427 18.412 <2e-16
RA -0.35971 1.65451 -0.217 0.82789
TAEH 0.15291 0.95981 0.159 0.87342
R 6.47339 0.95758 6.760 1.40e-11
BAMRIE -4.36011 1.00322 —4.346 1.39e—05
BB HET 20.12344 1.08656 18.520 <2e-16
T P —3.62659 0.44098 -8.224 <2e-16
Y HE& R 0.03575 0.09815 0.364 0.71572
HETFH 12.13779 0.46130 26.312 <2e-16
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WAL OB RF, T RERE TN, SN 1 R IR Z 8T 9.38 7o, fF&4h4T
MBI RS ARHIE ;. 2 E T A St 2 RIS IR B2 RS THER, i kR g
MRS E T AL FARIPOLA R TN SMEEI4ERE, WK BT T HAON, Him RS
THT AR 5T S AN R R E R B AR AR B, UM A S R SR I T
Peaess . HREHZER S 5THEA B, AHZE Wik,

3.2. XEMMN A

NG E AR B R KBRS EAE S PR Rl s AT RS BT RN, ARG A2 4L
AL H IR 4 R R A A2 . NN A B B0 A B VIF T, &) 7 Z K 1-(GVIF) 5 LASSO
[l BERILLEEAL TR 2V ], R AE R AR, [ RN 4 Fos.

Table 4. Multiple linear regression benchmark model regression results

4. BREMEFEERBIREFER

A B4 PR 2 t{H p BEM
i 44.66 2.34 19.10 <2e-16
ITHE 7.74 0.08 93.26 <2e-16
BN -7.39 2.60 -2.84 0.0045 -
R -8.97 4.42 -2.03 0.0425 *
LD ] 20.44 0.83 2457 <2e-16
Fa RPNy 19.69 3.01 6.54 <2e-16
HAMRI 1951 1.12 17.37 <2e-16
WHE x WA 0.78 0.09 8.47 <2e-16
WHE x JERA 0.32 0.16 1.99 0.0465 *
WHE x LR -1.25 0.11 -11.94 <2e-16
R x 28555 2.96 0.07 42.58 <2e-16
FIR % T Pl 4.75 1.18 4,03 <0.001
R x ShseFE -2.76 0.87 -3.18 0.0015 -
WA x 2853 4.76 1.91 2.49 0.0127 *
AT E x R -10.85 0.49 -22.22 <2e-16
o ORI < FE R —25.53 0.84 -30.47 <2e-16
MAMRES x PR 2.36 1.11 213 0.0333 *
SEFE x bR -29.17 1.25 -23.25 <2e-16
SRS x MR 6.10 0.91 6.67 <2e-16
HEFE x BB G -29.53 1.27 -23.21 <2e-16
R x 2E 5 E) 5 57.18 2.27 25.22 <2e-16

SRR, SRS A R A% 0 AT B RIUR RN : — TR x R RIS R
NP B ORBE RS 5940 IT R IO ey, ZOR%T T AR T SR R U B AR, AR
SETERSE; —. MR x BFFHERRKRENIE, W& RO R G T, F2E i
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TRAA TR PR R TN R EmAIAMEaE; =. AR x ZETDEFRAMEZENIE, 3
WA R 5 57 B & RIAEAE BRI 8080, U ORI T 0 T AN ST R B . 5 & BRI SG IR EERL

H IR A A N AR, AN IE— T3 -
3.3 HiRERREEEE

DR G T AR AN UL 0 7 BT (1R 5 SRR T PIE, AR S — 0 b AL 00 i R e A 7R 0 AT

FafE iR S . VPN RN AR G FORE A AL, [V Z RN 5 .

Table 5. Results of panel regression random effects model

= 5. EIREVIFEHN B IEBLER

5
HHon
TR
PR
T
Fa
HAR
VN
TR xR
T x T
T x AR
T X F AT
WK xR
RR x Rl
WE x T
R x 5540
o x plEE
HER x i
A x R
Fhox AR
Th x B
Th x HHaH
HAR x T

BAME x HEhE 1A

AT
77.212
6.747
—2.358
—11.280
21.939
—22.379
13.795
0.589
0.394
0.208
0.924
1.335
0.593
-1.740
1.322
—12.955
—23.561
5.115
—34.997
7.162
—19.158
92.344

—58.098

PRAER
18.706
0.032
0.528
0.883
13.642
23.110
22.630
0.019
0.032
0.047
0.050
22.254
22.254
0.174
0.403
10.060
17.444
22.841
24.988
18.961
25.849
42.638

33.632

z {8
4.128
212.16
—4.464
—12.78
1.608
—0.968
0.610
31.56
12.33
4.394
18.31
0.060
0.027
—10.02
3.283
—1.288
-1.351
0.224
-1.401
0.378
-0.741
2.166

-1.727

*k

X ECFEAER RS R, ORI RO A B S AT R R AUSSR TN AR5 575

SRR ERER . WA YRR, ZORZ BRI FET NS XS E. T E RS
MEFFM G, RO TRE, WS B IRB L] 2 A v 5.
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3.4. FELMIRFIEREIRR

TG AT A RE A A B RO B2 PRSI, Xk LA 22 i S\ 3 R AR e A LA . st — 2031
RN BB AR TTHRIE , A SCR HBEHLARAR[10]5 XGBoost [11]Pi AL as 5 I BEALEAT AL, A
LM AL OIKEN K K. AILERRKE, XGBoost FEAL 3577 1L 1 22 (RMSE) B I T- BEHLAR AR,
PRI Y B A L B TRS L, RS AT N WSO N B B A AR L MR AL o 2 5 PR A R 0 2 B o A

R WA RE I E S R 20 E B, AR R R Tk EE W E] 2~4 Frs

WP =52 E (Gain)

BEaE
Bk
BEESNE
T

RETH

REESHHNIE

i
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Figure 2. The dominant trend of income volatility is becoming more favorable (Gain)
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Figure 3. The dominant trend of income volatility is becoming more favorable (Cover)
3. BN E R E ST = E (Cover)
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Figure 4. The dominant trend of income volatility is becoming more favorable (Frequency)
& 4. WNE TR E ST E B (Frequency)

RGN, T RE RN BSIIAX T RRER, £ = REZVE RS T oriE i A E, 5
LAERHERTE PR, BE— B IE T AU JUE B FAONACE BIRZ kiR . Bl X, e T &
M ZNEUCZ, e 22 6] XA 57 S TSN RO S5 RIPERE i o AR ORI 55 30 4 R A S PR X i 3L
Ja, REFEBEN RO HI EER R, EIE T ARERE I E SR AE M . R B H S5 AM T
PRI 2R PO B AR O A, RSN RS B 22 38 3oL 5 3T B (R TR Bl RO S B o

BARKE, HLEZE M ARZNE 7 B 45 RS 2k B A S50 T B AR EIAIE, 3R RIZR BT SRR R SN I
BN IREN 1, o R A A XA A AR R R

4. WNBERNBIRBES 22 14 554

ATE MRS AL 24P 0 i P AN L FET A e o e — 2 E N BB I 3 &5 5 RIS, 36
EAL 2 DR B (0 KU R RN s 53— 7 T 0 RSO N AN PS5 R 5 R SRR, 25 S O B fl] B P WSO N A PRI 5 1
A

4.1, WNBEhE) XU BE4FAE

4.1.1. BSEERNESHARFNNN

ASCR BN 5 AT R R TR SN ESIREEL . SRR, WA R RECE AL
0.08~0.13 [X[a], SIUAT oA, b ECH T 1 B A SN2 XU o

AR P IR LA R 5 FoR: St S RIS T, WA S R B b A K S S O P2
BEEARTRSOREAE, B AR 2 RO BN -l ——Z R % T AU AR 2 P B 5,
RERFF MNP R, e WA % .

4.1.2. BEHEIHEREBRIE
il it GARCH R R ZI S N3 3 I B A RFE , 45 BT IR, T TUCN B S AE 538 SRR,
Wity RS A s (R S AT — e BRSO ORI S et o, RS R 5 B, AL
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Figure 5. Relationship diagram between social security status and income volatility

B 5. #ERIRESSEN R R X RE

JFRHR SR, AR TS B SRR I 3, B OB R RS 2 BT, g s RN
AT B BT SEIBOR . xR, 2 0R%a T R B KU KT BEAIR, U A 2 (R EEASDCREF 40 H N 3,
B RESR M I 7 5 T I R AR R

i K-means ZEEFR G TR VIRMEN . Il mah = KRR, R R Z RS IR.
ORI AR T, WO R AROBOT B R AR, KU R R A T s (RSB RR AN DL R 25T
FANEFNETRNE, WAREEER. LMRIERL, & XESRHEE IR T SR E, KGR
Fafi

4.2. WA ELFRLSED R

AR AL JE F 50T 2 5 T R BRSNS 2 RS, 257 SUSON 3 e A9tk Py e A 22 TR [12] . [+
I 5INFL 2% 1T o e 22 R P 50, B R RIS 22 BEAR 43 A N 22 5 5 40 ) 22 3 9 T 49 [13] o

NI EERIRIR, A KR R AR SR SO T AN S AL iR, 45
B 6 iR,

SRR, BARTRRIEHCH 0.255, RUTF G TAWANZERERENATFE. BRNFE. Xidid
e RAYEERE , WA PE E TR ER THNESR: — PS4 T, AN AP R 98.2%,
TG Z B BN ZE T SR AP I DTIRI O B B s = XS E B 4L R) 22 S A 38 m, (R STmkEL
BHICR 3.2%; = RAFE RN 7B 00 AT LZBEASTE, 28] STkAS /2 0.01%.
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Table 6. Structural decomposition results of Theil index in different dimensions
= 6. FRIHEER Theil IEHLEMMHRER

I3 FRAE S Theil 83 N Theil ¢ [7] Theil
Fh 0.2546 0.2500 0.0030
X 45k 0.2546 0.2361 0.0082
KA 0.2546 0.2539 0.00001

G, YT BRI LR T % 6 S K 0 45 AL, TSI X
SIS R AP TS BORT FUS BT & TAMBAT TS, TR EAET T 630K ki
(5 BRI S5 IR 2 5, S e MR 2RI, 35 3 S TR NP P S5 . 2585 S5 6,
FLR 5 B e S BRSNS A RTT

5. M REEBUERAB T

I T 2 4 [ U 84 2 ORI S WO BN BRI, (H 8 W BEAAAE F e B 22, TEi U R R 2%
JS2 o AVHERA VP Aiti A 2 DR GS B3 T WO\ B3 B 4 RONE , AR SR B 4520 DL IE - W 22 709 (PSM-DID) i 4T
BURPUN14], USRS TN RS RE T A IRA, FETAMRHME. TEXE, FERIEE L
BEILECAEA, FEHIAEET I

5.1. EEMREEAEET

LT ARUCHED J5, SEIG A 50 IR 2 AE S phAS B b SEBP AT 15 HRRE 25 55 —0.0955 B# %5 0, K
BUSAEZE R Y60 85% LA F, Frfa AR EIUH G hrdEb 2= R /N T 0.05, 2 P PE R, TURCROR B i,
BARGERINE 7 s

Table 7. Tendency score matching result

=7 MEBHIESER

AR AR DTC i 72 5 UNGYEPLES A M
k554845 LN 0.0014 0.0132

I TRV RFAE R H —0.0955 0.0000 100%
IRRAE A H 0.0240 0.0037 85%
P HHIE FEH —0.0086 —0.0004 95%

Bk ZE R 09 8 fiiR. B2 R4k DID i&s2 PSM-DID, BUHAS HIRBUITE 5%/K-F LN
1B, RBERR SO0 3 U B E) B4 2 m . 2 a5 LG, %0 RS R IR,
S ARl BACKE, o REEBERR S BT B, LIS SR AE, PR T

NI BFFE
5.2. REBEMEE
SPATRATAG IS5 RANE 6 iR BURSLHE R, (PR 5% BR 20 2% H 22 B I A] )3 & 500 p B 5K+ 0.05,

AR B ZESE, W TS BB, WEENMERBE G
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Table 8. The estimation effect of safeguard policies on the volatility of rider income

7= 8. (RBEBRIM T FUN KB E TR

Bl DID PSM-DID
treat*time 0.0095 0.0069
P A IFil 5 IFil &
X 3/ i) ] 2 2 IFil 5 IFil &
N 30,613 10,846
R2 0.26 0.875

SERBEE - TMA vs MHBE WNENES

—o— R4
—o— F4d

0.094

0.092

0. 090

0. 088 -

0.086

N

FAPRNEED

0.084 1

0.082 4

0. 080 -

Figure 6. Parallel trend test

6. FATHBNN

Pl R IR R A R AR A . BEAURIOLR “ REREUCR A" BISe 0 X B A, JHSEEL
SRAUNAR T T HE R RONE A f ol X, 22 BRI 56 p B0 0.3600, HERR 1 BEALEE 2K -5 AR WIS K 2R
THEUBBOR BRI RE, BN A& A gt .

53. RS
ASCNRAEIYYE L RETT 57 VAL I6 . 4R U0 9 P

Table 9. Heterogeneity in different dimensions
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