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— Estimation of Ecological Carrying Capacity based on User Behavior
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Dept. of Landscape Architecture, Hyosung Women’s University

ABSTRACT

This study was carried out to estimate the recreation carrying capacity of lawn
areas in parks, Recreation carrying capacity in this study is composed of two parts,
ecological carrying capacity and psychological carrying capacity.

As the second part, this paper deals with the estimation of ecological carrying ca-
pacity based on user behavior. The study sites were located at Bomun Resort Com-
plex in Kyungju, Korea. And the major species of the lawn areas was Zoysia japon-
ica. The major results are summarized as follows :

1. The mean numbers of user for the investigation days of peak season, were
estimated as 792 people for the lawn area of Doturag World, and 588 people for
Seorabul Plaza. The mean use time by user were 163 minutes and 197 minutes for
each site. The weighted mean use time by each activity type(passive, active, and
strolling) were estimated as 85 minutes, 45minutes, and 50 minutes, respectively.

2. Forty kinds of diverse active recreation activities were classified into six types
of activity categories. Male adults preferred “sports type” activities, whereas female
adults and juveniles preferred “play type” activities.

3. Ecological carrying .capacity for each level was estimated as 40.7m' /man for op-
timum carrying capacity, 21.8m' /man for standard carrying capacity, and 14.2nf /man
for critical carrying capacity. And these values were calculated on the basis of total
treading areas and treading time criteria for each carrying capacity level.
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Fig 2-1. Location map of study sites.
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Table 2-1. Number of visitors per and use ratio of lawn areas per month at Doturag

World (1988 —1989).

Visitors in a Day

Mean Users of Lawn Areas(Use Ratio : %)?

Total Mean

Yr. Month wgzl; S;Z:Jy h::y weekday(%) sat(%) sun./ Hol(%) V|S|Losr: lggz( %\)reas

88  Jan 636 819 3458 25( 3.6) 29( 3.4) 53( 1.7) 1297 36 206

Feb. 564 827 2017 4( 0.8) 28( 3.5) 27( 1.4) 800 9 09

Mar. 381 422 4075 42( 9.8) 58(12.9) 104( 2.9) 982 51 7.13

Apr. 1991 1638 9061 1096(53.9) 218(14.2) 421( 4.6) 3201 1042 31.82

May. 2149 1276 14046 371(19.1) 277(21.0) 1206( 8.9) 4180 510 17.46

Jun, 722 792 6678 58( 6.9) 49( 6.1) 200( 3.1) 1946 8% 599

Jul. 914 1868 5003 76( 7.4) 110( 8.4) 283( 6.6) 1759 117 7.4

Aug. 2105 2119 5283 107(37.2) 112( 4.9) 188( 2.3) 2637 109  6.13

Sep. 442 2021 5478 34( 5.3) 75( 3.7) 84( 2.7) 1066 45 472

QOct. 1999 1630 7512 1023(37.2) 185(10.6) 821(11.3) 3236 831 34.62

Nov. 593 777 6266 28( 3.7) 36( 4.8) 83( 1.8) 1374 31 3.48

Dec. 554 334 2970 21( 3.7) 19( 4.7) 24( 0.8) 831 21 2.93

‘89 Jan, 637 855 4081 27( 4.2) 34( 4.0) 63( 1.7) 1443 37 264

Feb. 741 259 3103 12( 1.6) 18( 7.0) 29( 1.0) 1094 15 1.45

Mar, 402 664 5300 50(12.4) 78(11.8) 122( 2.5) 1254 58  9.32

Apr. 2186 1541 10666 1470(53.2) 246(14.6) 505( 5.3) 3851 1251 39.72

May. 1762 1851 14042 368(16.8) 317(15.1) 1531(17.4) 3968 58 16.71

Jun, 693 862 6125 59(10.9) 56( 6.2) 237( 3.8) 21499 105  8.29

Jul. 1085 956 5257 150(17.9) 202(18.7) 280( 5.5) 1826 180 15.76

Mean 1094 1183 5770 274(13.2) 107( 8.4) 305( 4.5) 2002 257  11.56

2 ; Use ratio{%)=Users of lawn areas+No.of visitors in a day
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Fig 2-2. Use patterns of lawn area by ac-
tivity types at Seorabul Plaza.
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Table 2-2. Average use time by people Z based on use patterns of lawn areas by activity

Use Time Age/ Sex Percent
Site by Peopl Type of Passive Active ;. Strolling
(min.) User No.  (min.) (min.) {min.)
Doturag Adult /Male (22%) 6802 : 469 : 439
World 163.0 Adult /Female (35%) 939 T 2.8 T 426
Juvenile (43%) 71.2 : 39.2 : 52.9
Weighted MeanY 78.44 : 3655 ;0 47.32
Serabul Adult /Male (24%) 794 ¢ : 77.8 : 39.8
Plaza 197.0 Adult /Female (36%) 127.9 : 34.9 : 34.3
Juvenile (40%) 67.2 : 58.9 : 70.9
Weighted MeanY 91.98 T 4280 : 50.26
Total Adult /Male (23%) 73.9 ¢ : 61.4 : 44.9
180.2 Adult /Female (35%) 110.3 : 30.8 : 39.3
Juvenile (42%) 701 : 48.7 : 61.6
Weighted MeanY 85.04 4536 :  49.95

Z: Mean use time by activity pattern(min.)=Mean use time by people(min, )
xPercent of activity type(see Fig 2-1 and Fig 2-2).
Y : Weighted mean=Ratio of user number x Mean use time by activity pattern(min,)

Table 2-3. Distribution of participants by active recreation types at Total Site,{(sum of 50
cases in 1988—1989)

Kinds Percent Rank Kinds Percent Rank
Type? of Parti- Adult to Total in User Type? of Parti- Adult to Total in User
Activity cipants Male Female Juven. Partici, Number Activity cipants Male Fem Juven. Partici. Number

A Basebal 222 8 % 97 248 12 Sub Total 30 87 156 47 415
Dodgeball 32 25 78 13 343 10 D Running Race 1375 299 307 769 14.64 1
Volleyball 320 270 18 22 341 1 Threelegged Race 326 137 159 30 347 9
Badminton 31 19 5 7 033 26 Train Race 140 32 25 8 149 17
Football 1093 646 112 334 1164 3 Flying. Glides 23 8 15 024 za
Temis 20 5 8 10 02 27 Blind Tag 33 6 27 0% PA]

Foot-baseball 327 210 87 29 348 8 Sub Total 1897 477 4% Q4 2019
Foot-volleyball 410 303 40 56 4.36 7 E Hankerchief Game 426 118 66 242 453 6
Shuttlecock Game 2 1 1002 39 Dancing 1359 156 518 685 14.47 2
Throwing a Dirk 7 3 4 0.07 35 Trainning 90 17 11 62 096 21
Dodge strawbag 5 2 3 0.05 37 Break a Balloon 646 65 276 305 6.88 5

Sub Total 2754 1785 383 573 29.32 Sub Total 2522 356 871 1204 2685
B Tug of War 28 8 m 10 73_2 13 F ' 'Baby-Car 69 13 B 31 073 2
Korean Wrestling 152 111 2 3 16 15 Climbling Trees 7 L6 om0 %
Pushout Game 13 2 1014 0 Ride on Shoulder 36 3 33 038 2
Wallow 10 2 8 01l 3 Taking Pictures 1023 225 276 522 10.89 4
Taekwon-do 4 40 2 Perfomance 192 123 24 204 14

45
Swb Total 37 121 L4 162 423 Treasure Hunting 145 96 6 42 15 16

e H !

C  Rope Skipping 100 6 68 26 106 20 S;:d;ﬁg ig 13 é gi; 3‘1’

HoArse Skipping 8 8 0.09 36 GetonaSwing 17 2 15 08 %
Elastic Cord Gm. 5 4 52 060 23

Sub Total 1435 375 307 663 1529
Total 9394 3202 2418 3773 100.00

Cock-fight Game 124 72- 1 51 132 19
Race ina Bag 128 2 8 41 136 18

Z: Type of dynamic activities are categorized as follows ; D:Activties primarily composed of running and walking,
Al Activties primarily composed of throwing and hitting somethings, E:Activties primarily composed of complex and diverse action,
B:Activties primarily composed of pressing down on the ground, F:Others,

C:Activties primarily composed of spring and jumping,
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Table 2-4. Top 10 active recreation types
by lawn user group.

Rank in Adult Juvenite
Partici. Male Female
1 A % Football E Dancing D Running Race
2 A Foot-volleyball D Running Race E Dancing
3 D Running Race E Break a Balloon  F Taking Pictures
4 A Volleyhall F Taking Pictures E Football
5 A Dodgeball D Three-legged Race E Break a Balloon
6 F Taking Pictures F Perfomance E Hankerchief Game
7 A Foot-baseball B Tug of War B Tug of War
8 E Dancing A Football A Baseball
9 D Threelegged Race A Foot-baseball D Train Race
10 E Hankerchief Game C Race in a Bag E Trainning
2 ; See Table 2-3, for the types of active recreation.
AAY el #EQ DR EEEC] B

Holgirt.

2. R WRRENS| BRE

(1) ERS8EE8ER TICHRMEE #HE

SEAC SRS FIRGEERS BN, B, B85
5o AA wi-¢ AT, old tgst FH
EHEE I WiAHoEE BF R six9 HAE
HREMWEES AATRE MEeHe] A9 &
#(1980a) & o33 HAHHBESS 127IAZ
AARsla, & #eR #bE JT|EEES AR
TigrgE o] Bt E HES vl e, & EA
HEEEES 53 TS, Ehke AA9)
v o] FROE & 1,00081% )z Lol
A 3 5, o|EE QU3 FC)AEE 2 L
ol BmtE FHEEHN T AR & 2-5
o} gt}

g AOEEEe Aoh(kick), FEEo
(pick), H3Fth(stop) T @MEE HEE7}
10.002 7P =331, vlETH(twist) 7} 9.824
E%on, EX20(rub)7}t 6,92 2 WHolA
o}, =% 22tk (run), Ath(walk), HolL 20k
(spring /jump), *HEtH(bend) ¥ Lotk
(stand up), 2ch(sit down), ET}H(lie down)
o] BEES 3.3~2.0 AEE W& Holr}

g gl kel oM 2o
(walk) #ffEe] 7.222 €53 =skedl, ole
o)z Lol ERE o885 EMEC] 44 B

Table 2-5. Kondo’s turf wear index z py
12 basic body action.

12 Basic  Wear IndexY  Increasing Ratio X

Body Action of Tops of Soil Hardness
Run 33 493
Walk 2.9 7.22
Spring /Jump 3.3 4.65
Kick 10.0 4.50
Rub 6.9 1.73
Twist 9.8 3.46
Pick 10.0 2.01
Stop 10.0 4.35
Bend 2.5 1.60
Stand up 2.0 1.61
Sit down 2.0 2.47
Lie down 2.0 1.98

z : Kondo’s turf wear indices were estimated
by the treading treatment of 1,000 times
of each basic body action on the turf with
sport shoes on or leather shoes on.
: The wear indices of tops were the mean
value of the estimated values by following
criteria;
10:soil appears shortly after the trampling
treatment.
9:damage of tops appears slowly first,
but soil appears completely at the end
of treatment,
8:s0il appears considerable at the end of
treatment.
7:s0il appears 50% of area at the end of
treatment.
6:soil appears 30% of area at the end of
treatment. '
5:so0il appears 10% of area at the end of
treatment.
4:soil does not appears, but tops are con-
siderably damaged.
3:shoot and leaves are prostrated and the
surface of turf is uneven,
2:shoot and leaves are prostrated.
1:tops of the turf are not damaged.
X :Increasing ratio of soil hardness(IRSH) is
estimated by following formula;
IRSH=
absolute soil hardness after treatment(kg /m')

absolute soil hardness before treatment(kg /m')
Hfp7t S Rol, Aule] i EER R I3
Aolgt7l Hu}h tiERgES] #in, TIBERE

=%
=
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(soil compaction)e] 93 Arje) g2 A& F FE ST AT flfo] oJFoRe EHE
Aolgke Ag TaFE Aot welM i@k THEES Y 5 e %Y M 2 fE

Table 2-6. The proportion of basic body action, Z the estimated damage degree of tops
and increasing ratio of soil hardness in each use activity.

Basic body PropY  Prop.X

Type action Estim. - Estim.
Activities DDT IRSH

Draw a Picture 2.0 . 1.0 7.0 22.3 27.3

Sit down ' 10.0 20.0 4.7

Lie down 100 20.0 19.8

Stand up. 10.0 20.0 16.1

A Baseball 10 20 05 05 1.0 1.0 05 35 43.9 38.2
Dodgeball 20 2.0 05 05 1.0 1.0 05 25 45.2 41.5

Volleyball 1.5 15 05 0.5 05 05 4.0 30.3 31.3

Badminton 25 15 05 0.5 L0 05 35 37.6 38.0

Football 2.0 20 05 05 1.0 05 10 05 20 51.6 40.3

Tennis 20 10 05 05 1.5 20 05 20 46.2 39.6

Flying Glides 2.0 2.0 0.5 0.5 1.5 05 30 40.9 40.6

Foot-baseball 1.0 1.5 05 05 1.0 1.0 05 40 434 3.4
Foot-volleyball 0.5 1.0 1.0 05 1.0 15 05 4.0 46.9 33.8

B Tug of War 1.0 1.0 3.0 30 20 77.3 38.4
Korean Wrestling 1.0 20 05 20 05 1.0 L0 20 67.5 34.2

Push-out Game 1.5 1.5 1.5 55 44.5 23.2

C Rope Skipping 40.0, 51.1
Horse Riding 15 15 15 10 05 1.0 1.0 4.0 45.5 8.6

Elastic Cord Gm. 1.0 10 1.0 1.0 05 05 L0 50 3L.9 30.4
Cock-fight Game 05 05 4.0 05 25 05 20 49.8 33.8

Race in a Bag 2.0 4.0 2.0 1.0 48.7 40.5

D Running Race 80 0.5 0.5 1.0 42.8 49.1
Three-legged Race 7.0 1.0 1.0 1.0 45.8 49.5

Train Race 4.0 3.0 1.0 2.0 35.9 49.0

Blind Tag 6.0 2.0 2.0 41.4 55.2

E Hankerchief Game 1.0 4.0 0.5 25 20 28.9 45.0
Dancing 1.0 10 1.0 1.0 1.0 1.0 L0 LO 10 1.0 62.7 385

Traiming 3.0 20 05 05 0.5 0.5 10 20 38.8 42.5

Taking Pictures 2.0 0.5 05 20 35 L0 05 2922 293

Break a Balloon 4.0 05 05 10 05 05 15 05 10 54,9 37.7

F Baby-Car 30.0 40.9

Climbling Trees
Get on a Swing
Strolling 9.0 1.0 28.1 66.6
2 : The proprtion of basic body action for each activity are originally based on Marion's “Efficiency of Human Move-
ment” and this table is prepared with partial revision of Kondo's citation,
¥ : Proportionally estimated Damage Degree of Tops(DDT) is the rank sum of wear index of tops by distribution
ratios of basic body action for each activities.
X Proportionally estimated estimated Increasing ratio of soil Hardness(IRSH) is the rank sum of IRSH by distri-
bution ratios of basic body action for each activities.
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BERE(49.955%)  (62.46m /%)
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(0.55m)  (0.016m)
(b) By FIFEE)
@© (2YThHEnE
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FFIHERRE X ESNEE < SiE
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X T X A #EEE(3.3)
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(c) wty FIRES)
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Table 2-7. Percent of basic body action
comprising the active rec-
reation and average movement
distance /number of motionby
basic body action per minute,

times)
times)
times)

11.26(min. ) 30.00
0.54(min.) 30.00
0.09(min.) 15.00

Stand up 24.8(%
Sit down ~ 1.2(%
Lie down 0.2(%

Percent Weighted Average Movement

Basic of Average Use Distance or
Body Active Time of active Number of motion
Actions Activities Z Act.(45.4min.)Y  per minute X
Run 18.8(%) 8.53(min.) 160.00(m)
Walk 15.6(%) 7 08(min. ) 62.46(m)
Spring /Jump 6.6(%) 00(min.) 50.00(times)
Kick 4.0(%) 1 82(mm ) 40.00(times)
Rub 1.8(%) 0.82(min. ) 30.00(times)
Twist 8.2(%) 3.72(min, ) 30.00(times)
Pick 1.0(%) 0.45(min,) 45.00(times)
Stop 11.6(%) 5.27{min,) 35.00(times)
Bend 6.0(%) 2.72(min, ) 35.00(times)

) (

) (

) (

Z: Percent of active recreation are the mean of values
by basic body action in Table 2-6.

¥ :See Table 2-2 for average use time of active activi-
ties.

X : The values are based on Kondo’s(1980a) citation,

(5) &) YeFaEhe B Y B8

= 29N A=E H BB EmEE 284,
65m'E, ROl A vk = Fspie Ik
RN & KEEF] BEREEE Vrol, INE &
® 5 fREE= ASsk, °] A BT
w(o') FIAEHE %83 e vehlz Jot

WA EREE 7E/HE 7]—"1_‘—95 g &Rk
FIE 40.66(m' /AN) o2 HEHJL, BEEE
150 /BE 7IEL2 o BEERES 21.80(m
/N)o2, BREE 200 /AE 71EoR TR
FHENE 14.23(n' /N) 22 #EHID. ole
OHA] SEIEMES 0.025(A /of), 1EHMEES 0.
046(}\ /m), BRFBES 0.070(A /) To2

T ek

01212& FIREE el Masens A4 =
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Table 2-8. Calculations of

total treading area by use types.

Type Total
Use Calculations Treading
Activity Area(m')
Average Aver,Mov. Average Aver, Area
Strolling  Storlling x Distance -+ Walking x of Foot = 90.76
Activity  Use Time 2 per 1 min, Stride Print
(49.95min. ) (62.46m) {0.55m) (0.016m")
Average Aver.Mov. Average Aver. Area DDT by Run
Run Use X Distance + Stride x of Foot X DDTbyWalk B
Time Y per lmin, Print (33+2.9)
( 8.53min.) (160mm) (0.8m) (0.016m")
Walk ( 7.08min.) X (62.46m) =+ (0.55m) x  (0.016m") = 12.86
Aver Freq. Aver, Area DDT by Basic
Spring Average X of Activ. X of Ground X body Action — 546
/Jump Use Time per 1 min, Contact ¥ DDT by Walk )
( 3.00min.) (50 times) (0.032) (33+2.9)
Kick ( 1.82min,) X (40 times) x (0.016m) X (10.0+2.9) = 4.02
Rub ( 0.82min.) x (30 times) X (0.84 m') X (6.9+2.9) = 4.68
Twist ( 3.72min.) X (30 times) X (0.094m’) X (9.8+29) = 35.45
Pick ( 0.45min.) X (45 times) x (0.01 m) X (10.0+2.9) = 0.70
Stop ( 5.27min.) X (35 times) X (0.032m') X (10.0+2.9) = 20.35
Bend ( 2.72min,) x (35 times) X (0.032m’) X (25+2.9) = 2.63
Stand up (11.26min.) X (30 times) X (0.032m') x (2.0+2.9) = 7.45
Sit down ( 0.54min.) X (30 times) X (0.039m) X ( 2.0+2.9) = 0.44
Lie down ( 0.09min.) x (15 times) X (0.18 m') X ( 2.0+29) = 0.17
Sub Total = 125.27
Average Aver Freq. Aver. Area DDT by
Passive Static X of Activ. X of Ground X Sit down = 68.62
Activity  Use Time per 1 min, Contact DDT by Walk
(85.04min, ) (30 times) (0.039m’) (2.0+2.9)
Grand Total Treading Area 284.65(m’)

z : See Table 2-2 for average use time of strolling activity.
y : See table 2-7 for average use time of active activities by basic body action.
x : Average areas of ground contact were calculated by model experiment.

a5t Zt WEReh K#gpl=
s FIRERES BE - #ET £ Jed), E
pEshel A9E 2 BY, =FHYs A%
me] A$ T zpRe] miE 26,280m = #RES
W 1,208A02 #EE I, MEEE JUEH
o] Agdle ATz mEEel 19,656molER

tzjel] =

g2 o2 HEEdETh EF 2 WA oE EIFIR
Ahe =FHYT 646A R AEPEES 484A
o7 #EHY, RFMENS =5F44s 1,847
A 2 Mapdpggol 1,381A0 gt
olge] ANE Tt ®A o & 2-19
=Egde ozl AT FAERe vx
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Table 2-9. Calculations of ecological
carrying capacity based on
total treading areas.

Level of Total Treading Areas Users
Carrying Treading Times per per
Capacity Area Z  Criteria ¥ User T
(m') (times)  (m'/ man) (man/ o)

Optimum

Carrying 28465 + 7 = 40.66 0.025
Capacity

Standard

Carrying 28465 + 13 = 2181 0.046 X
Capacity

Critical

Carrying 28465 <+ 20 = 14.23 0.070
Capacity

z : See Table 2-8. for total treading area.

y : See Table 1—3 for traeding times criteria for each
level of carrying capacity.

x: This density value of standard carrying capacity
can be converted into number of users for each
area;
for Doturag World(area of lawn area=26,280m'):
1,209 people
for Seorabul Plaza(area of lawn area=19,656m ):902
people
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