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Tab.1 Summary of settlement scale distribution model
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Tab. 4 Fitting experimental results

RIER R IR RIEERR RS Zipf a8 [ EES afiiiti bAHHI W

A Al 0.5 2tk 16.00 51904.00 0.96
HEPREL 1764.60 0.51 1.00

X4 44596.00 -234283 0.89

A2 1 2tk 27.76 2837.40 0.82
TR AL 1420.60 0.29 0.96

POEA 955.91 762.22 1.00

A3 1.5 4tk 42.52 1445.20 0.75
PR 1158.10 0.23 0.93

X% 367.81 1118.00 0.98

A4 2 Eqis 49.09 1141.80 0.75
PR 1070.50 0.18 0.92

POE+4 229.05 1065.9 0.95

B Bl 0.5 etk 0.16 519.04 0.96
B PR 17.65 0.51 1.00

POEA4 445.96 -2342.80 0.89

B2 1 B 0.28 28.37 0.82
PR 14.21 0.29 0.96

X EL 9.56 7.62 1.00

B3 1.5 etk 0.43 14.45 0.75
TR 11.58 0.23 0.93

RaEe 3.68 11.18 0.98

B4 2 2tk 0.49 11.42 0.75
TR 10.71 0.18 0.92

POE+4 2.29 10.66 0.95

C Cl1 0.8 2tk 1.43 14689.00 0.87
PR 2553.90 0.26 0.99

POEA 4389.40 -14186 0.97

c2 1 Atk 0.30 7290.90 0.75
TR AL 2909.80 0.13 0.97

X4 998.19 592.56 1.00

C3 1.5 2tk 0.69 2273.80 0.41
PR 1745.10 0.06 0.73

X 136.02 1734.90 0.83

c4 2 Eqis 1.58 1519.50 0.31
TR 1318.80 0.05 0.64

POE~4 75.01 1326.60 0.70

cs 3 2tk 435 1134.20 0.35
PR 1080.70 0.04 0.67

POEA 45.97 1082.70 0.69

C6 4 4tk 5.56 1039.90 0.44
AL 1025.60 0.03 0.71

X4 29.45 1026.00 0.72

C7 5 Bqis 5.75 1009.30 0.55
TR 1008.20 0.0189 0.77

X 19.30 1008.20 0.77

8 6 2tk 531 999.19 0.68
HEPREL 1002.30 0.01 0.84

POEA4 12.72 1002.40 0.84

9 7 2tk 2.55 999.74 0.65
T RAL 1001.20 0.01 0.82

POEA 6.14 1001.20 0.82




8 H B2 4 804

@ W3R — R, B E XSRS L R, Rk,
MR 2: (R4) . @ BERILA LI B Zipfie U8 A B30 — 5 1 X (R i o, 1775
A TAES . FE0<Zipf< 1, BEEUE LRI Zip M RTIE R, 121 <Zipf<2if, KR
o I8 BE B Zipf % s (D) o @ X RERRIEC, WD T HE 20 ZipIE, 15
2 <Zipf<6W}, BRI LREBE Zip/ M R MR, TEZipf> 6, ARG L SR BE Zips
BN (B o S5 EISERIE IR R M ZipMa S w72 AN, IR HOR B ZipfTH
BYAR. @ BIRILHTE A BTTAR 7B P — R B I 50E ™, HIFR
AT R GBS IR A TR X FUAIE ST, (AR AR, AR SR A B RO A e — SR AR
B TRITE Zipf> VN SIS, ELBERE ZipA8 B8 MU & D0 RE T R, 3 75 ik pR AR AL
TG PEBE AL s AE0 < Zipf < TRYTIE T, XROAL P — R R R BIF A %R
o KRR BORRIEAE ST R AE B IR S e T s B T RRIE™. © 55 R S KRS
PRgol, k2 RIEA R B ZipfEiR /N T 1, B R T 107, ORTa) SR A FR A TP it
Febe . RS 2 M R X, Sm | W I A A D SR 2 e 2 R v S ]
oA, DR SR v M AR O3 A A A b 2 Y DX T

2o BIRMRBGE A S, B R LR R AT PR R SRR B A A
FR ., RIS JRIEIR R R AT A S 1 3R 7 — BB, R 5l %) £ 8
IR pR B Ay — RIS RS ORI B, B X AN (5] Zip MU A % SR S R 3 e B
ARt . (RS RIEB A BRAEAL o [ R A ) X 22 S S AR T R i
2, NESLG— IR S REA R ATEL, ARIRA TR BRI 0T AR .

T UM R RAUR 2 FHRTE UR UK S 3% MILM2 M3 3% L5 2 X
Kl AFRVE R R Zipf (A 5T R SR 53

Fig. 1 Analysis of goodness of fit under different settlement systems and Zipf value scenarios
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Fig. 2 The natural conditions and hierarchical characteristics of the spatial
distribution of the main settlements in Northeast China
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Tab.5 Model setting of empirical study on size distribution of settlement system

A T BRI TR IV SU:N HJEE:SuN:o R R R L
MO_1 B —IRRT R P=ax(R)”" InP,= Ina-bxInR, InR, InP,
MO_2 2 R P — R P,=ax(b)\R,.,) InP,=Ina+InbxR, R, InP,

Ml LRI Fr— R MU T S,=axR+b S,=axR+b R, S,
M2 RAB )Y — R S =ax(R) InS, = Ina+hxInR, InR, InS,
M3 X Ry — SR AU R S, = axInR+b S,=axInR+b InR, S,
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Tab. 6 Regression results of the size distribution of urban settlement system in Northeast China
from the perspective of population
20114F 201645 2021 4F
MO 1 Ml M2 M3 MO 1 Ml M2 M3 MO _1 Ml M2 M3
b BB -1.05 29.79 039 1021.87 -1.08 29.94 0.39 103048  -1.13 2593 036 931.43
H #MiE  7.06 2181.30 6.73 -31.37 7.14 223843 6.75 2.18 7.19 227290 6.81  206.69
R 0.94 0.82 095 0.99 0.93 0.82 0.94 0.99 0.93 0.80 0.93 1.00
R REE -1.20 15.15 0.48 7136 -1.32 15.08 0.44 7135  -1.35 15.01 0.47 71.27
HiE 461 95.65 4.42 73.00 476 109.09 4.56 86.03 4.75 97.61 4.43 74.26
R 0.93 0.88 0.97 1.00 0.92 0.87 0.97 0.99 0.87 0.86 0.96 0.99
I b -113 0 4212 039 48793 -1.10 4459 039 498.00 -1.15 4134 037 465.13
MEE 649 96435 6.38  409.03 6.45 953.69 638 405.48 6.47  966.19 6.41 449.42
R 0.97 0.84 097 0.99 0.95 0.85 0.97 0.99 0.95 0.84 0.96 0.99
FAR REE -098 2341 036 23739 -0.99 22,64 035 23133 -110 1835 029 19691
MHEE 552 468.65 578  232.01 5.53  480.04 581 247.42 5.60 542.62 598 334.00
R 0.98 0.90 | 0.99 0.99 0.98 0.90 1 0.99 0.99 0.98 0.87 0.99 1.00
B gPE -126 2557 034 29151 -1.29 2450 033 288.88  -1.28 19.88 0.30  247.68
#MIE 621 66734 6.08 337.99 6.27 70591 6.14 370.21 6.14 66638 6.10 366.02
R 0.94 0.81 0.97 0.99 0.94 0.80 0.97 0.99 0.95 0.81 097 0.99
TE: RIP R OIESH IR BRI 45 2R, IR By BT ACR AT T p = 0.1 A B35 TERR B, AR Ze i oA AR
B3 gek e S AL i 8 LU 3 BT 2 R SR AR T

X 28

K3 BRI P0RE B S B o e O LA

Fig. 3 Heterogeneity analysis of model goodness of fit (population perspective)
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Tab.7 The regression results of the size distribution of urban settlement system in Northeast China
from the perspective of land use
2011 2016 2021
MO _1 M1 M2 M3 MO _1 M1 M2 M3 MO_1 Ml M2 M3

A BFE 097 36.94 042 1256.63 -1.04 40.75 0.40 1407.40 -1.03 4024 039 1415.83
WX e 7.03 250591 6.78 -199.34 7.35 3068.73 7.04 7.13 7.32 307899 7.05 -19.39
R 0.96 0.84 0.93 0.99 0.96 0.81 0.93 1.00 0.95 0.83 093 1.00
SR RE -0.90 25.81 059 11943  -0.97 27.17 054 12584 -1.06 2453 048 113.45
MEE 470 11026 4.57 75.07 486 13049 4.5 93.26 491 142.65 4.86 109.34
R 0.92 091 0.97 1.00 0.95 091 0.98 0.99 0.96 091 0.99 1.00
7 AE -1.05 4823 042 55516 -1.14 60.45 0.41 68225 -1.09 58.80 0.40  654.93
MIEE  6.46 101143 638 384.12 6.82 1287.06 6.64 526.18 6.69 1214.80 6.61 496.26
R 0.96 0.85 0.95 1.00 0.96 0.83 0.96 1.00 0.96 0.85 0.96 1.00
TR RPR S -0.96 27.59 033 27591 -0.99 28.37 029 286.12 -1.02 31.35 030  326.76
MEE  5.63 59841 6.08 329.53 5.77 73233 6.31 44993 594 801.12 6.38  468.54
R 0.92 0.92 | 1.00 0.98 0.94 0.92 ' 1.00 0.98 0.94 0.91 ' 1.00 0.98
BRI APE -1.19 3482 039 398.87 -1.23 35.19 037 41623 -1.20 32.67 034  403.42
#MEE 639 81324 6.18  359.71 6.53  911.38 6.32 42598 6.45 94255 639  458.12
R 0.96 0.80 0.94 1.00 0.96 0.80 0.95 1.00 0.96 0.82 097 1.00

X 28

K4 SRS U0 B9 5 B M s el )

Fig. 4 Heterogeneity analysis of model goodness of fit (land use perspective)
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Fig. 7 Optimization and reconstruction of size distribution of urban-rural settlement system oriented toward national strategy
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Fig. 8 Stage analysis of urbanization process in Northeast China from 2011 to 2021
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Fig. 9 A theoretical cognition of the relationship between regional shrinkage and settlement spatial organization
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Fig. 10 Summary of the characteristics of the spatial organization of urban and rural settlements in Northeast China
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Abstract: The rank-size model of settlement size distribution is an important meta-model and
meta-knowledge for understanding the evolution of urban-rural regional system. At present, the
rank-size method has been widely used in the study of urban settlement system structure, but its
application in rural geography is relatively lagging behind. Under the background of the cross-
integration of urban and rural geography in the new era, it is an important theoretical innovation
to explore the unified size distribution law of urban and rural regional system, and it is of great
practical significance to build a new pattern of urban and rural integration. Based on previous
research and mathematical abstraction, this paper carries out the expansion of the settlement
size distribution meta-model-rank-cumulative size model hypothesis-deductive experiment and
the empirical research in Northeast China, and makes a comparison between multiple models,
multiple perspectives, and multiple time and space, in order to preliminarily summarize the
general model of the size distribution of urban and rural settlement system. The conclusions are
as follows: (1) Based on the idea of mathematical function, this paper infers the mathematical
properties of the rank-cumulative size model, and sums up three potential models (linear model,
power function type, logarithmic type) suitable for describing the size distribution of urban and
rural settlements. Then, the hypothesis conditions are put forward and a variety of clustering
types are constructed for parallel comparison experiments, which is different from the empirical
paradigm, expands the scope of application of the model, and also introduces new settlement
size distribution parameters. (2) In the multi-model comparison of hypothesis-deductive
experiments, the rank-cumulative size model has prominent advantages over the 'Lotka-Zipf
model and the rural rank-size model, which are mainly manifested in high goodness of fit, wide
application range and strong robustness. However, the most suitable rank-cumulative size
model shows segmentation characteristics with the change of Zipf. (3) The results of empirical
in Northeast China and hypothesis-deductive experiments are highly consistent. On the one
hand, the rank-cumulative size model has a good effect on characterizing the size distribution
of the settlement system in Northeast China, and is superior to the 'Lotka-Zipf' model and the
rural rank-size model in terms of goodness of fit, range of application and robustness. On the
other hand, the most suitable rank-cumulative size model is different due to different settlement
types, which is essentially Zipf heterogeneity without significant time and regional
heterogeneity. (4) On the basis of hypothesis deduction and regional demonstration, the rank-
cumulative size model is suitable as a general model for the size distribution of urban-rural
settlement system, which can be expressed as a piecewise function of power function and
logarithmic function according to the change of Zipf. The geographical significance of the
parameters of the model needs to be further explored, and the model also has great application
potential for the optimization and reconstruction of the national urban and rural settlement system.
Keywords: urban-rural integration; settlement size distribution; rank-size; rank-cumulative size
model; Zipf; Northeast China



