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Benefit analysis model of the national map revision program using
replacement cost method
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Abstract

This study proposed a method to analyze the economic benefit of the national map revision program using the
replacement cost method. The replacement cost method measures the benefit of a project as the minimum cost
to replace functions of the project with those of alternative goods or services in an existing market. Thus, the
demands on 1/5,000 topographic map revision in 18 administrative tasks such as city and district management
planning were surveyed in three local autonomous entities. Then the cost to alternatively fulfill the demands
was estimated with the standard construction estimating system for the field surveying and surveying results in
commercial GIS companies for the site investigation. With this cost estimation model, the benefit of the current
national map revision program to the local autonomous entities was estimated as 265,960,999 won. And cost
benefit ratios according to several revision frequencies from 0.5 to 4 year were also compared to find the optimal
frequency.

Keywords : National map revision program, Benefit analysis, Replacement cost method, Field surveying, Site
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Table 2. Index of workload (P)

Workload | Below Above
(t®) 0.02 0.05 0.1 0.15 0.2
Index 1.80 1.20 1.00 0.93 0.9

Table 3. Index of area types(K)
Area Rfﬁlsﬁ Urban | Flatland | Hill |Mountainous
types | ) rea area area area area
Index | 2.80 2.15 1.00 1.25 1.30
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Table 1. Workload of terrain surveying
(The numbers in parentheses mean indoor works)

The number of people
The division of work Advanced |Intermediate| Beginner cBrg%tl;?ng; Worker
technician | technician | technician (Surveying)

Plan preparation 0.5) ) (hH - -

Control point installation - 1 1 - -

Terrain Detail surveying - 7 7 7 7

surveying Editing 3 4 (@) - -

Mapping - ) 0] - -

Organizing for results 0.75) ) )] -

- 8 8 7 7

Total
(4.25) 0 0
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Table 4. Area and area ratio for area types (NGII, 2009)

Area types Area(km’) | Area ratio(%) 59] 0.1km* =7 Z=fn
Urban area 13,780 13.92 IHHRE HESL A 22 AZFs}
Agriculture/hill area 39,620 40.02
Forest area 45,600 46.06
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Table 5. Cost of correction surveying for area of 0.1km’ with area types()

The number of people Wages Total
Advanced technician 4.25 151,789 645,103
Intermediate technician 15 136,561 2,048,415
Beginner technician 15 111,984 1,679,760
Beginner craftsman(Surveying) 7 90,008 630,056
Worker 7 67,771 474,397
Sum total 5,477,731
1/5,000 Index of Index of scale Ind.ex of Cost (.)f correction ;
area type surveying type surveying for 0.1km
Urban area 248 0.35 1.25 5,943,338
Agriculture/hill area 1.22 0.35 1.25 2,923,739
Forest areca 1.39 0.35 1.25 3,331,145

Table 6. Layers' workload ratios for area types(%)

(KICT, 2012)

Urban area | Suburban area Farmland area | Hill area Mountainous areas
Roads/Facilities 237 224 15.6 10.8 6.0
Buildings 48.7 34.6 11.1 8.3 4.5
Vegetations 6.5 15.2 36.5 17.1 9.0
Rivers 2.7 4.0 7.1 5.8 37
Terrains 11.3 15.7 22.5 53.2 73.6
Administrative boundaries 7.1 8.1 7.2 4.8 32
A 100.0 100.0 100.0 100.0 100.0
Table 7. Layers' workload ratios for area types in this study

Urban area Non-urban area Overall area
Roads 0.115 0.047 0.056
Buildings 0.417 0.069 0.118
Facilities 0.115 0.047 0.056
Vegetations 0.109 0.173 0.164
Rivers 0.034 0.049 0.048
Terrains 0.135 0.570 0.509
Administrative boundaries 0.076 0.045 0.049
Total 1 1 1
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Table 8. Annual average revision ratios of topographic
map for area types (NGIL, 2009)

Urban area Non-urban area Overall area
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Table 9. Internet and mobile companiesannual manpower
and cost for revising their spatial information

Data
n{::lerol:il;r External purchasing
(Pell')son/ manpower cost
ear) (Person/year)| (One hundred
Y million won)
Company A 15 30 .
Company B 25 N 5
Company C 80 ] -
Average 40 10 7
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Table 10. Cost of site investigation of 1km’ for area types (W)

Urban area Non-urban area Overall area
87,083 5,515 16,869
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Table 11. Surveyed three city hall’s tasks using 1/5,000 topographic map and their reponses

Target |Using Required

revision Type of

Application probabilities with layers

Tasks Fr;:fq tl;eslll(cy region | area frequency | replacement Water
of task | (km?) (Year) Roads | Buildings | Facilities | Vegetation system Terrains| Boundaries
Decision of city and .
district management plan 0.2 Unban | 114 1 Surveying 0 1 1 1 0 1 0
City and district 02 | Unban | 14| 2 | Surveying | 066 | 066 | 066 | 066 | 066 | 066 | 066
management planning
Underground water 0.0 |Overall | 819 | 15 |Investigation | 0 0 0 0 0.66 | 0.66 0
management planning
Utban transportation 02 | Unban | 14| 1 Surveying | 1 0 066 0 0| 0 0
management planning
Small stream management) o1 | oerait | 819 | 10 | Tnvestigation | 0 0 0 0 1o 0
planning
Hﬁ%g;gj;gﬁlpﬂﬁgg 02 Egg‘n 164 | 5| Suveying | 066 | 066 | 066 | 0 1| 066 | 066
Comprehensive disaster |\ oo | 819 | 5| Investigation | 0 0 | 066 | o |o066]| 066 0
management planning
Sewerage facility 0.2 | Overall | 819 1| Investigation | 0 0 1 0 0 | 066 0
management planning
Limited development 16 |Overall [0.044| 08 | Surveying | 066 | 066 0 066 | 0 | 066 0
district planning
Approving occupation and .
usage in vegetation areas 52 Unban | 0.02 1.2 Surveying | 0.66 0 0.66 1 0 0 0.66
Bicycle road management 150 Unban | 0.17 2 Surveying 1 0 0.5 0 0 0 1
Approving residential |35\ yan | 94 | 05 | Surveying | 1 1 0 0 0 | 1 0
zone development
Irrigation zone Non- .
development planning 2 urban 173 : Surveying 0 0 0 0 : : 0
Approving farmland 2136 Non- 0.01 05 Surveying | 1 1 1 0 0 1 1
development urban
Farmland ledger 1 | N Logi | 08 | Surveying | 0 0 0 1 0 | 1 0
management urban
Approving mountainous Non- .
area development 438 urban 0121 075 Surveying 0 0 0 0 1 1 0.5
Disaster zone mapping 0.5 Overall | 1 13 Surveying 0 0 0 0 0.66 | 0.66 0.66
Hazardous zone 05 | Overall| 1 13 Surveying | 0.66 0 0.66 0 066 | 1 0.66
management
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Table 12. The results of measuring the benefit of 1/5,000 topographical map revision project by tasks using suggested
method(“*’means a task which uses a site investigation as the replacement method to update its topographic map)

Using Application| Annual | Application
Tasks Fr:tfl; eslll(cy area I:)lg]i;(ogfi probability | feature probability B?,l';vf)ﬁ t
(km®) W with layers |change rate|with latestness
Decision of city and district |, , 114 0.9 0.776 0.061 0.5 28,864,853
management plan ’ : . : . ,004,
City and district management | -, , 114 0.9 0.661 0.061 1 49,149,107
planning ) ) ) ) T
Underground water 0.1 819 - 0.368 ; 075 380,920
management planning
Urban transportation 0.2 114 0.9 0.191 0.061 0.5 7,100,903
management planning
Small stream management 01 319 ) 0.568 ) 1 66315
planning ) ) ’
Agricultural facility 0.2 164 0.9 0.667 0.051 1 24,776,733
management planning
Comprehensive disaster 01 819 ) 0557 ) | 558.956
management planning ' ) i
Sewerage facility 02 819 - 0392 - 0.5 541,493
management planning
Limited development district | ¢ 0.044 12 0.559 0.0524 0.4 329.736
planning ) ) ) ) ) ’
Approving occupation and 52 0.02 1.8 0311 0.061 0.6 1,266,257
usage in Vegetatlon areas
Bicycle road management 150 0.17 0.93 0.249 0.061 1 21,365,339
Approving residential zone 35 24 0.9 0.667 0.061 0.25 45,703,336
development
Irrigation zone development 2 175 0.9 0.620 0.051 0.5 14,551,265
planning ’ ’ ’ ’ ’ Y
Approving farmland 2136 0.01 1.8 0.778 0.051 0.25 11,142,101
development
Farmland ledger management | 5278 0.01 1.8 0.743 0.051 0.4 42,079,019
Approving mountainous area | 5 0.12 0.93 0.643 0.051 0375 17,550,158
development
Disaster zone mapping 0.5 1 0.9 0.400 0.0524 0.65 204,205
Hazardous zone management 0.5 1 0.9 0.647 0.0524 0.65 330,305
Total 265,960,999
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Figure 1. Benefit analysis with revision frequency
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Figure 2. Relative benefit/cost ratios when several ratios of
2-year revision program's cost are added as an overhead cost
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