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Hysteresis Phenomenon in a Macroscopic Fundamental Diagram of Roadway Network
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Abstract: To better apply the theory of macroscopic fundamental diagram (MFD) to traffic management
and control, this paper analyzes the formation mechanism of hysteresis phenomenon in a macroscopic fun-
damental diagram using traffic flow wave theory. The paper verifies the reliability of partial conclusions us-
ing the detector data of urban roadway network in Kyoto. Based on the theoretical analysis and case study,
the paper highlights the following findings: 1) the translation from traffic flow state with high volume and
low density to the flow state with low volume and low density caused by congestion is a primary issue to
generate the hysteresis phenomenon; 2) in comparison to the loading process (upper curve) of the loop,
more congested links and queue- spill over exist in the recovery process (lower curve) under the same traf-
fic volume; 3) if the roadway network can supply uncongested links for the increasing users, during the
loading process of the loop, the phenomenon that the transportation production maintains a certain level
while the traffic volume may increases.

Keywords: traffic engineering; macroscopic fundamental diagram of roadway network; hysteresis phe-

nomenon; traffic flow wave theory; congestion spillover
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Fig.2 Time-vary diagram of transportation demand

k.,\knku k( ﬁﬁ%ﬂg k
B3 S EBERINZEERE

B &%, EEMRAE, XHS1ER
SNBEBEAIMELE TEERNBEEHN—E&
RER, BNPSEIEBESELEOHR
WEHIME; SXHR[S-9A A S IER BRETE
AENFETRERTAUTHERNEER
B XCER[12] &&= 48 B 3218
REHIERSL, A HIXZEMFD #HI & 7~
EMEERRA; B, XER[14, 18] 1 FHY
&M R EIRISAE 7 XRR[15-16] 1R B IE 7
M, ER—EHZTBERE TN BEER
HEEZESHIgREZ B S MM REX,

BESHIE, HEFHRMNEN IR
BRIERBARSELTNAELB RGN
RO EVIEF N HFAENL B M HTR
B, MiXZE¥MFD KRB TERZEERP
MEERT . W, EF MFD /MR
N 212 5 5k B& (B oM R/ B 58 0 ik
[19-20]) & &B IX X 45 14 77 72 AR 8 B ) 212 WL B
K& (well-defined MFD) A RiIE, MiXS5AKE
FOTR ST 1B H A o

YT, AXPHFEAELE—ZBRMAY.
HETRRBEERMMANZTBEN AT R,
MAERENELNZBRARSELCNA
B, SIMFD FRGER K= EVNIBREF
TERNEBUHRTHN, FHFILBARTEHHAISE
BRI #4035 SR B3R B D 475 I 450 T
M.

Ll ava

1.1 BNEMSEBERKNEE

FrBEHM O m(BE{EH)H &= D =(H
WrinEsh, BAEEREFEFERTESN
Ay R BRI T A BN N A
TEXXOHBITENDRENEEE), MO
IR D FR AR 1, TMAIE DAY
BREXABRER 2(ME 1), LHFHIRBHRRE T,
RZIE ¢.(g. < ENE(q,(q,>p), TE
ET.HTEREq (LE2), WEERKRT
(RS IENERAIENRZ BT RN TR,
BRER | RoREEM PRI BRI RE R
AV BS B, BRER 2 RRTEMIN TR 24
ERT ISR, o, SHRENZBER
B0 E 3 A mo

1.2 BNZBREHREIRE
BRI E BRI 5B FRRAY

Fig.3 Fundamental diagram for different roadway segment v, E& P 2 BIRSHEH IR T HN=SE



(MEHFTTF. HH, EXBFRREA, B, C,
DNXBESXBHEITATIARITES

H: q=kv, q=kv, q=p=kuv,
qe=HFo AN, MK Wy 5 Wy B R
W, =4I, (1)
9a—Yc
Wep = ’ 2
A R ke 2)

RH: ¢,y ¢y g ARBRIKETA, B,
CHRXBE; k, ky, k ARBRKRE
A, B, CHXBEE,

RULLeIE, S—EBRNEMNPEFENR
BRRSARER, FEES—FMRESHES
BRI E S KEDLARRE,

2 MFD RIS =4I
2.1 MFDEZEX

MFD R {EEE N 2R 2 P() 5B ZE 4K
BN ZBREXR, R

0=2q.0)L 3)

N@)= Y AL, )

R LA FWBRAOKEAN; ¢
HEIAENBENBR RN RE
B/(-5 min); A() A8 SRR

t RAEE] FF 32 BB/l -km™),
RIELIREX, EXBE—HNEDN

MFD, U it B S ERIRS TN
FErE BRI RAKE (), a0, ZERE
®, BN EFEAE=ZFTERRS: B, C5
D(JLE 4), EM0NSHMESFrx, B,
BN B E SN ERmED B A

Pt)=q, ()L ,()+q Ol )+q,(0,2) ,  (5)

Ny@)= k() ()+ kDL + k(L) (6)
AN RBEqg.=¢,=to

22 EREMMFD RHETEH

1R#E £ 3& MFD B9 X (23 (3), 4)it
BBHNE—HNEBRNEMNARESENER
#, FRIMTEER#THI, SHE—
RTERRIBE M DR E SN E RN T sk
(WFT1FFK2), H, BTER@OEEE N 2R 2
5REBOMEMNERBNTLBHERLEN
HFSHE, FUEENBRITR, FRMNF
35RAMTR,

¥ & 1~F4PRITE L R KR MFD
(WE6) ENTTRRE A, FIERAE

ZEME «

M O © © © ® ® @
El4 Bz
Fig.4 Time-space diagram

1,(2) [t

BRER 1

El5 MEROZBRKSHZ=E S

BRER 2

Fig.5 Spatial distribution of traffic flow state in roadway network during

time period ®

*1 BMDRERATLES

Tab.1 Total traffic flow and its variation trend
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Fig.6 Characteristics of macroscopic fundamental diagram of roadway network
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