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OHP'!'ER I 

REGIONAL :PROFILB 
L -h:::tw:. Z--S.:S ::C:Z. ·: •• !sw:£1 

I. Ro1e of !ransport in the Economic Developsent 

Transport is a necessary condition for the economic 

development of a country. The success of different sectors o'f 
W'h.'ek,. 

economic development~_.depends on their 1ev.el. of mobility and 

1 

accessibility, is determined by the degree of transport develop

ment. Transport has considerably narrowed down the gap between 

producers and consumers and extended the areal limits of regions/ 

centres specialising in agriculture and industry or any other 

'activity. While on the one hand, transport mobilizes the economy 
' 0 

of the regions, brings them in closer economic web, on the other 

hand, the volume of transport depends upon the degree of economic 

development in a region. 1 Higher the development greater would be 

the volume of transport. Tb.e system of transport anyhow forms 

the base for the exploitation ~f natural resources, importing 

the technical knowhow, import· and export of raw material, finished 

products, oa.pi talt skilled/Wlskilled labour and the entrepreneurial 
• 

skil1 which in turn b()osts the economic development of the region. 

Renee lies the tmportance of the study of transport system in a 

region. 

Transport is the single important factor on which 
2 

hinges the entire industrial activity of the country. It has 

played an important role in supplying raw materials to industry 

and in moving finished products to market. To operate efficiently, 

l. o·wen, Wilfred (1964) a stratef. For Mobility, Brookings 
Institution, Washington, p.l • . · 

2. HMT (1968)1 Road Transport Development in India, OalcuttaA>·~·-



factories need continuing supp1ies of fuel, raw materials, and 

sp:are parts and an easy and quick accessibility to the market 

where they can sell their produce. Sometime a factory may be 

able to util~ze only a part of the installed capacity or other 

inputs in time because of the transport constraints. 

2 

Just like industry~ agricul.tural efficiency also suffers3 

because at the inadequate provision of roads and roed transport 

in rural areas.· In,puts like cOmmercial fertilizers may arrive. 

~ter the growing season is hal:f over or not arrive at all 

because of inadequate provision Gf goods transport facilities. 

The high cost of moving farm pmdu cts and the long del~ys and 

consequent damage and loss ~o perishable commodities have their 

repercussions on food supplies. When the farmers find that what 

they gr:ow cannot be moved easily 4\nd cheaply to profitable markets, 

they have no incentives to grow surpluses. 

In Thailand~ the Friendship Highway, completed only a 
.• 4 

few years ago, · has transformed partia~ly used jungle-land along 

its hundred mile route into high productive and prosperous farms. 

~ithin three years after the construction of highway~ the 

production of sugarcane, vegetables, bananas, and other fruits 

more· than tripled in tonn~e. In Bolivia, the highway from 

Co chaleamba to ~nte. Cruz reduced travel time in rainy season 

from several weeks to fifteen hours a.nd. provided a link between 

3. Owen, Wilfred (1968) 1 Distance and Development& Transport 
and Communications in india; Brookings lhstitutlon, Washington; 
P• S6. 

4. Op.Cit., p.?. 
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the country's food supplies a.nd its people. Until then the price 

of home grown rice was 50 per cent higher than imported rice 

because of the high cost of the transport. 

The greater mobility provided by transport investments 

has also played an important part in extending the benefits of 

education. in communicating new ideas, and in overcoming the 

isolation. 

'l'be transport bas become not only the artery and vein 

of the modern industrial economy but also the ma.in assurance of 

national security. 

II. Selection of the Region and Research Design& 

This study deals with the transport development in 

N0 rth-1lest India, $_ case study of Delhi-Jaipur-Agra Triangle 

(m$p no.l). This triangle is formed by national highways No.8 1 :l_, 
- . 
11 in which Delhi forms the apex in the North and Jaipur (West) 

and .Agra (Eist), the two angles of the base line. The area 
. 

between Delhi, Jaipur and Agra national highways triangle possesses 

a complete system of road network. In addition to the national 

highwa,ys, there are a. number of subsidiary roads within this 

region which bring the settlements of the region in contact with 

the national highways and in turn link them w1 th the national 

network systelll. 'I'hus the national highways serve as the outlets 

for the region. 

In this study, tbe transport development of Delhi-Agra

Jaipur triangle has been studied in the context of road network 
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development and bus connections. The study thus has been 

divided in three parts. In the first part an index of roan 
netwo~ efficiency has been prepared and road network development 

bas been ~nalysed. In the second part, the bus connectivity h89 

been studied in terms of direct connections of settlements by the 

bus within the Tehsil $lit outside the tehsil. In the third part, 

the inter-relationship between the road network develoJ;ment and 

connectivity by bus has been anal,-sed. 

III. Region and its settine;: 

In this section a brief baCkground to different environ

mental characteristics of the region like physiography, natural 

vegetation, Climate and demographic characteristics have been 

highlighted to enable us to have a reasonable background_ of the 

. region to understand the causes s~ correlates of network system. 

(i) PhysiograPhY' 

The Aravalli hills cover considerable area of the 

region. This extends from north to south in the western part of 

the region. This uninterrupted chain of bills intersects the 

!lwar d.istrict into two parts. The part lying to the west of 

these hills is a level pl~in more or less sandy and dotted with 

isolated small hills; while on its eastern side there is a 

succession of hill ranges lying north ana. south, para.llel to 

each other. The north and some portion of the West of the 

district have shifting sand dunes. InJaipur district also we 
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find the vast quantities of sand which is sometimes imported to 

some other districts. J06fft f)Ut. t4 ~ ~ 1/t 11!~@1 -~ 
t~~. These are several ranges of hills belonging to the 

Arav alli system. The overall picture of Bha.ratpur district is 

that of an alluvial plane with detached bare hills in the north 

and fairly well wooded hills in the south. The tehsils of Kirauli 

and Agra are praetice~ly a level stretch of loamy soil, broken 

only by Khari river. A few outcrops occur rising out of alluvial 
SOUI:h. 

plains in/«dst, from Fatebpur Sikri to Kire.oli. In Gu.rgaon also 

there are low hills extending north to south which are the exten

sions of .Aravalli ranges. S:>uthern part of Delhi bas somewhat 

rugged surface where altitude exceeds sometimes more than 300 metres. 

In thewhole region the area between Alwar, Bansur, Bandikoi ·_ and 

J amwa Ramgarh is well wooded l.eav ing aside some . desert part of the 

region in south and southwest. Most of the remaining area is a 

levelled fertile and alluvial 'plain. Only the tehslls in south 

western part of the region, i.e., Kotputli 1 Bairath, Amber, Jaipur, 

Bassi, Jamwa •Ramga.rh, Dt.usa, Thanagazi, Western part of Alwar 

tehsil, Bansur and Mandawar have comparatively high altitude 

ranging from 300 to 600 metres. These tehsils have rus§~d surfa.ce. 

Rest of the tehsils of the region, with the exception of few 

patches of higher altitude have altitudinal range from 150 to 

300 metres. The tehsils of higher altitude are intersected by 

Sabi and Banganga rivers and their tributaries ana other smaller 

rivers. Yamuna river is making eastern boundary of the region. 

The region has many lakes also which are generally used for 

agricultural purposes. 
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(11) Drainage System: 

There is no river in the region which is perennial in 

its entire course except Yamuna which only touches the north

eas~ern border of the region. Most of the rivers of the region 

rise from· Aravalli Hills (ranging in altitude from 300 to 600 

metres). Several of the rivers and their tributaries which carry 

the drains.~ of the hills have been impounded at suitable si~es, 

the water of which is used for irrigation purpose. M$.ey of the 

rivers are useful because of their floods which enables that area 

for sowing. Xbe silt of some of these streams is highly fertile 

and crops are grown in the river beds after the rainy season. 

Some of the rivers are also the main source of drinking water. 

on the whole, drainage lines are few in the region. 

But the Aravalli range which runs roughly from north to south 

gives rise to a number of drainage lines. Therefore, the area 

along this hilly track has good network of drainage, though most of' 

the :rzivers wnich rise from here are dried up within a few months. 

Ruparel and Q\bi are the important rivers of the region. 

Chuher Sidhs Lendoha, Banganga a_nd Khari Nadi are other smaller 

rivers of the region. 

(iii) Natural Ve~etationl -
Forests do not cover a large part of the region. They 

are confined to the Aravalli Hills. The percentage of area covered 

under forest in Alwar distriet is highest (2.7%). The forests 



found along the ~v alli hills are generally of dry deciduous 

and scrub type. Whatever small proportion of Delhi area which 

comes under forests is covered by Babul only. Seventeen per cent 

of the area of Bharatpur vbich comes under forest is also covered 

mainly by dry deciduous type of forests. The timber obtained from 

the forests of this region is utilized for the manufacture of 

agricultural implement~ for roofing as well as for field purposes. 

(iv) Climate: 

The region h~s got a semi-arid type of climate. The 

whole of the region cannot enjoy the full benefits of the monsoon 

season. The depressions eXhaust their moisture by the time they 

reach this region. The climate is character! sed by excessive 

dryness and hot summer and cold winter. Most of the rain comes 

in the month of July, August and September. The rainfall is 

unreliable. The average a.nnual rainfall range from a minimum of 

46.71 Oms (Delhi) to a ma.ximum of 69.57 oms (Alwar). The tehsils 

of high ra!Dfall are located in the east and southeast of the 

region (see table I). Most of the tehsils in the west of 

Arav allis received low rainfall. 

In the northern pa.rt of the region at Delhi and Gurgaon 

the vari~_tions in minimum and max~um temperature in summer is 

10° 0 (minimum 11° c.) In winter, this range is highest at 

Delhi - 25° c minimum, and· 36° c maximum. 



'Table No • .t 10 
Avera~e Annual Rainfall 

- ,..- ,. 

S.No. Tehsil Rainfall S.N'o. Tehsil Rainfall -
1. Behror N.A. 20. J. Ramgarh 51.66 

2. Manda war 54.48 21. Baswa 60.81 

a. Kish&ngarh 57.73 22. Bassi N.A. 

4. Tijara 57.23 23. Dausa 54.41 

s. Bansur N.A. 24. Sikari N.A, 

6. Alwar 69.57 25. Malawa 56.44 

7.- Thanagazi N.A. 26. Toda Bhim 55.12 

a. Rajgarh N.A. 27. Delhi 46.71 

9. -Laohhmangarh 53.82 28. Rewari 65.08 

10, D. man 64.39 29. Ba1l$.bgarh 63.2 

11. Nagar 58,62 30. Pa.lwa1 61.4 

12. Deeg 68.76 3l. Nub 60.04 

13. N~dbai 62.64 32. F. Jhirka 58.09 

14-. Bharatpur 66.98 33. Mathur a 66.00 
~ 

15• Weir 66.90 34 • Chhata 66.00 
• 

16. Kotputli 49.83 35. Agra 66.00 

17. Baix'ath 54.05 36. Kirauli 66.00 

18. Amber 58.32 37. Gurgaon 66.05. 

19. Jaipur 61.01 
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Tftble No, fL 

Averap Temp era ture Winter·' ;/SJmrne:r.: i 

(in c0 ) 

I I I ' 

S.No. i District I Winter:; I Summer1,;' 
I 1Minlmuma iix.imurn 1 Range aMlnimum 1 Maximurns Range 
I I I I I I I 

1. Gurgaon ll 21 10 20.0 36.0 10.0 

2. Alwar 11.5 15.0 2.5 ao.o 32.5 2.5 

3. .Jaipur 15.0 17.5 2.5 30.0 32.5 2.5 

4. S.Madhopur N.A. N.A. NeAe N.A. N.A. N.A. 

5. Bharatpur 12.5 15.0 2.5 30.0 32.5 2.5 

6. Delhi 11.0 21.0 10.0 25.0 36.0 11.0 

7. Agra N.A. N.A. N~.A. N.A. N.A. N .A.. 

s. Mathura N.A. N.A. N.A. N • .A. N.A. N.A. 

• 
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(a) Population& 

The region is inhabited by 11.8 million persons, out 

of which 5.8 mlllion are living in urban areas. The region bas 

48.94 per cent urban population whereas India's urban population 

is 19.19 per cent. The percentage of urban population in the 

region is much more than the country as a whole. It is because 

the region is very small but includes very large urban centres. 

The region had 37 towns in 26 tehs ils. The table No.3 shows the 

percentage of urban population in different tensile based on 1971 

Census. Out of 37 tehsils only 26 have urban population. Most of 

thetehsils which do not have urban population are located .on the 

west a.nd southwestern part of the region (west of the Aravallis 

over a hilly area.). Tehsils of Alwar district which are purely 

~Yi/:)"4,lmake almost a contiguous region. 

(b) Sex Ratio: 

• 
1961 Census indicates that the average sex ratio for 

theentire region was 843 females per thousand male, the rural sex 

ratio was 878 females per thousam male and for urban population 

it was 803 females per thousand male. But within the region we 

find significant variations in sex ratio. For example, Rewari 

had the highest ratio (926) and M._thura lawest {831) in rural 

population. While considering urban population, Amber had the 

highest ratio (90l) and L&chhmangarh the lowest (733). 



Table No, ,) 

Demo~aihic Features 1961 

I I I I I I 

S.No. I Name of Tehsil IDependen- ISex Ratio I Literacy a Occupational Structure I ~12endase 197,.1 
I loy Ratio IR I U I Rate I %age of "a fi.ge o:t' 1iage of I otal alage of 
I I I I I I workers 1 =workers I workers I Po pula- aurbsn 
I I I • I I I in Pri-a in Seoon•lin Ter- I tion apopula-
I I I a I I mary adary atiary • ltion 

I Sector 
o/ 

1 Sector a sector I I I I • • I 
I I • I I I I I I I 

l. I a I 3 I 4 I 5 I 6 I 7 I 8 I 9 I 10 I 11 

1 Chha.ta 1.17 .84 .85 14.7 80.60 6.89 12.51 257905 7.41 

2. Mathura 2•16 .83 .82 28.02 46.13 13.46 40.45 453698 ·39.49 

a. Kirau11 2.22 .as .89 16.35 72.71 9.74 17.34 224547 11.47 

4. Agra 2.55 .83 .82 29.40 17.30 30.05 52.65 832312 75.57 

5. Rewari 1.89 .92 .90 23.90 68.51 . 13.09 18.40 385064 14.98 

6. Gurgaon 1.91 .87 .87 < 26.11 62.39 12.61 25.00 296149 22.26 

7. Bal1abgarh 1.46 .83 .sa 27.92 59.24 22.15 18.73 323376 37.98 

s. Palwal 1.50 .84 .89 18.13 71.67 11.05 17.26 284387 17.71 

9. Nuh 1.18 .87 .as 11.72 82.57 7.24 10.18 230663 2.05 

10. F. Jh.irka 1.14 .91 .89 9.34 81.72 7.76 10.52 187730 4.24 

11. Behror 1.64 .93 18.58 82.44 6.23 11.32 159437 

12. Manda war 1.08 .89 15.55 87.02 4.58 8.40 106649 -
13- Kishangarh 1.57 .87 16.85 84.57 4.63 10.80 137365 7.78 -~ 



1 2 3 4 5 6 7 8 9 10 11 

14. Tijara 1.13 .sa 11.61 89.27 3.61 7.12 102510 -
15. Ban sur 1.48 .86 - 10.73 84.11 6.06 9.06 97876 -
16. A1war 1.15 .ee .86 20.75 72.52 10.80 16.69 312558 32.11 

17. Thanagazi 1.00 .90 10.13 78.34 10.81 10.79 87446 

18. Rajgarh 1.15 .90 .as 12.39 83.52 7.24 9.24 154186 7.15 

19. L$ chbmangarb 1.10 .sa .73 12.07 90.51 3.81 5.68 233135 2.06 

20. Kaman .98 .as .86 10.27 98.14 3.64 7.16 148161 10.63 

21. Nagar .98 .89 .- 11.45 91.12 2.45 6.43 97442 -
22. Deeg 1.68 .86 .sa 15.0 80.85 7.77 14.39 103957 21.42 

23. Nadbai 1.19 .86 .86 17.74 88.69 4.03 7.28 90390 9.72 

24. Bharat:pur 1.67 .87 .79 22.27 12.25 8.21 19.01 256008 27.30 

25~ Weir 1.10 .86 .86 15.10 87.80 4.88 7.32 117060 7.56 

26 •. Mahwa 1.08 .89 - 13.80 85.95 6.55 7.50 96828 

27. Toda Bhm .84 .87 .89 13.65 ro.11 4.75 5.10 106792 9.79 

28. I<Otputli 2.02 .89 .89 12.52 71.83 9.52 18.65 147887 8.35 



1 a 3 4 5 6 7 8 9 lO 11 

29. Baire.tb .96 .93 .87 11.95 71.16 18.40 10.43 157047 

30. Amber 1.01 .91 .90 13.25 72.10 16.06 11.85 211014 14.00 
• 

31. Jaipur 2.19 .87 .as 39.15 14.37 29.95 55.69 667937 92.11 

32. J'. Ramgarh .72 .s.9 8.94 77.39 14.34 8.26 156256 -
33. Baswa 1.02 .89 .84 14.80 80e33 5.58 14.04 131629 5.95 . 

34. Bassi .78 .90 - 10.60 82.69 9.67 7.64 JD2555 -
35. Dausa .sa .89 .87 11.67 77.63 13.48 8.89 144405 13.11 

36. Sikrai .88 .87 - 10.89 85.79 6.35 7.89 93543 

37. Delhi 2.11 .84 .78 52.74 8.36 26.00 65.61 4065698 89.70 
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(c) OccuPation Structure& 

According to 1961 Census, out of total :population of 

11762940 persons, 2388932 were enwnerated a$ workers in the whole 

region, which constitutes 20.30 per cent of the total population. 

The primary sector accounted for 66.43 per cent of the 

labour force, the share of secondary and tertiary saotor was 

12.39 per cent and ..t/.25 per cent •respectively. Here in this 

region the proportion of labour force in primary sector was not 

surprisingly high. It is because the region includes three big 

cities, one of which is Delhi itself, where secondary-and tertiary 

activities dominate. Nagar has the highest percentage of workers 

in pr~ary sector (91.12). Primary sector is the weakest in Delhi 

vmere only 8.36 per cent of the workers are engaged in this 

activity. The other tehsils of low primary activity are Jaipur, 

Agra and Bharatpur. The secondary sector is strongest in Agra, 

Jaipur and Delhi (with 30.05%, 29.951 and 26.03% labour force 

respectively)~ 

11. Levels of Economic Development of the Regiona 

The analysis of economic development is based on the 

stud.ies carried out by M.N. Pal and Asok Mitra on the subject. 

Asok Mitra• bas taken 33 variables which have been put under the 

following five blocks (based on 1960-61 data)a 

• Census of India (1961)1 Levels of Regional Development in India, 
Part I-A (1) , pp~9-14. 



1. Agricultural Infrastructure: 

(i) Area under double crop per cent of net area 

(ii) 

(iii) 

sown. 

Gross area irrigated per cent of gross area ·sown. 

Households cultivating 0-5 acres per cent of all 

cultivating households. 

{iv) Pure tenancy holdings per cent of all cultivating 

households. 

(v) Hired. attached workers per cent of all workers· 

atcultivation. 

(vi) Cultivators and a~ioul tural labourers per 100 

·acres of net area sown. 
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(vii) Cultivators and agricultural. labourers per cent of 

rural working population •. · 

2. Participation Rates in Traditional. Sector: 

(i) Male participation rate 1961. 

(ii) • Female participation rate 1961. 

(iii) Males working in agriculture % of male working 

·population 1961. 

(iv) Single and family workers in non-agricultural 

per cent of total non-agricultural workers 1961. 

. (v) Worke.rs in househo1d industry per cent of total 

working population 1961. 



3. Potential of Human Resources: 

(i) Persons per square rnile 

(ii) Females per 100 males 

(iii) Rural population per 1000 of total population 

(iv) Percentage increase of population, 1951-61 

(v) Immigrants per cent of total population, 1961 
" 

(vi) Children 0-4 per cent of women aged 15-44, 1961 
' 

(vii) Crude literacy rate, 1961 
' 

(viii) Scheduled Tribe ·population per cent of total 
' 

population 1961 

(ix) Scheduled ·caste population per cent of total 

population 1961 

4. Distributive Trade, Manufacturing and Infrastructure:· 

18 

(i) Workers in retail trade per 1000 of total population 

(ii) Workers in manufacturing per lDOO of total population 

(iii) Census houses used as business houses or offices 

per 1000 of all census houses 
• 

(iv) Census houses used as community centres for 1000 

of all census houses 

(v) Census houses used as restaurants and eating houses 

per 1000 of all census houses 

(vi) Census houses used as rest houses per 1000 of all 

census houses 

(vii) Census houses used as school houses per 1000 of all 

census houses 

(viii) Census houses used as medical institutions per 1000 

of all census houses 

(ix) Miles o:f surfaced roads per 1000 sq. miles of area 



5. Organised Industrial Activity in the Modern Sector: 

(i) Establishments run on electricity per cent of 

all industrial establishments 

(ii) Workers in registered factories per cent of all 

workers 

(iii) Whether headquarters town (a) generates own 

electr~city or (b) is connected to grid or 

(c) ·both or {NE) none. 

1! 

Asok Mitra has arrived at the composite index by ranking the values 

of each indicator for all the districts. Based on the abo"e mentioned 

variables, the districts of Delhi-Agra-Jaipur region have the follow

ing values and positions in different levels of development: 

S.No. Name of the District Position in the levels 

- of develoJ2ment 

1. Delhi ¥ourth or top level (Fourth QL) 

2. Gurgaon -do-

3. M$thura -do-

4. Bharatpur -do-

5. Agr:a -do-

6. Jaipur -do-

7. Alwar Third level (Third Q,L) 

s. s. Madhopur Second level (Second Q.L) 

However. according to M.N. Pal* who has taken seventeen 

variables in following four specific groups, there are wide variations 

in the levels of development of theEedistricts: 

• Pal M.N., "Regional Disparities in the Levels of Development 
in India" ;tfci!JM'~~ofll}gB&o,qa.l .§C)..(V¥9!• F)Hh f:_Loi7ohlef"Y/c c omfe ye 11CA?. 

\.~-{S) 
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AgricuLture; 

1. Agricultural labour productivity in-rupees per person 

11. Agricultural income per acre of cropped area in rupees 

iii. Percentage of irrigated area to total gross area sown 

Secondary Activities: 

1. 

ii. 

Percentage share of income in mining, manufacturing 

and small enterprises 

Concentration of labour engaged in secondary activities 

in number per square mile 

iii. Percentage share of labour force in secondary activities 

iv. 

v. 

vi. 

Concentration of large factories (more than 50 labourers 

using power or more than 100 labourers without using power) 

in number per thousand square miles. 

Concentration of all fac.tories in number per thousand 

square miles. 

Concentration of factory workers in number per thousand 
• 

square miles 

vii. Factory workers in per cent of total labourers engaged 

in secondary activities. 

Tertiery !ctiv i ties a 

i. 

ii • .. 

Percentage share of income in commerce, transport, 

communication and other services 

Concentration of labour engaged in tertiary activities 

in number per square mile 

iii. Percentage share of labour force in tertiary activities 



Urbanisation& 

DISS 
388.0954 

lb7 Tr 

Ill II IIIII II 11111111111 II Ill 
G34350 

1. Percentage of total population in urban areas 

11. Average size of a town in thousand person 

iii. Concentration of urban population per square mile of 

total area 

iv. Concentration of city population (each city has a 

population of 5000 persons or more) per square mile 

of total area 
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The weights of these Variables were determined by the 

Dethod of principle component analysis. The values in the composite 

index thus obtained are given in the following table along with their 

composite level of development. 

I I 
S.No. a Name of the District I Cooposite Index 1 Levels of Development 

I I values I 

• - I ' 
1. Delhi 3.8575 Exceptionally High 

• 
2. .Agra ~. 6949 Very High 

a. Mathura ~.2825 High 

4. ,Jaipur 1.~655 High 

s. Gurgaon 1.0848 Medium 

6. s. Madhopur .8121 Low 

7. Alwar .8076 Low 

s. Bharatpur .8052 Low 

'))1~ 5 
')<. _}-\ · '-\'1 ... q R._ r N bl -L~ -
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M.N'. Pal's index of development shows that Delhi in the 

north and Agra in southeast have very high level of development. 

According to Asok Mitra also they fall in the same level. Both 

these are located at the ne.tional highway junctions. Mathura which 

is l~cated at the extreme eastern side of the region and J&ipur in 

southwest have high level of development according to M.N. Pal but 

have very high level of development according to A. Mitra. The 

index calculated by M.N. Pal shows that the heart of the region 

, (which covers almost half of the total area) has low level of develop

ment, which in the composite index prepared by Asok Mitra falls in 

the high level of development. Most of the area of this continuous;ane 

is chilly and uneven (particularly the western half of it). In the 
I 

north of this zone and south of Delhi is the zone of medium level of 

development ~ccording to M.N.Pal, which according to Asok Mitra falls 

in the category of high level of development. 

The difference in the two m~thods can be explained in terms 

of their approach, while Asok Mitra's index gives simple ranks to the 

indicators of development, M.N. l?al gives weightages to the, indicators 

and calculates the composite index, which makes this method more 

quantitative and precise. Hence M.N. Pal's f~indings of the levels 

of development of the districts under study have been taken into 

account in our text to relate them with the transport indicators of 

development in a subsequent portion of the ~ext. For our convenience 

in map No.JU)o .. we have put M.N. Pal's exceptionally high and very high 

levels in one category, which we call high level of development. His 

high level of development, medium level of develo.Pment and low level 

of development we shallbe calling medium, low and very low level of 

development respectively. 
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v. An Introduction to Road ~ccessibility in the Region' 

The Delhi-Jaipur-Agra triangle has 7448 settlements. In 

this section a brief introduction has been given to their distance 

from the metalled roads. 

The set~lements in this region seem to be highly accessible 

with respect to roads. Nearly 63% of the settlements are within a 

distance of 2 miles from. the roads. However, there are wide variations 

in tehsils with respect to the percentage of settlements within 2 

miles from the road, which vary from 32 in Chhata to 96 in Ferozepur 

Jhirka (Table No.6). In northern part of the region (in all the 

tehsils of district Gurgaon and Delhi), ~ore than 90% of the settle

ments are within two miles from the roads. Most of the tehsils which 

have less than 50% vi~lages within two miles from the roads fall in 

the south-western part of the region and make a contiguous belt over 

uneven topography. 70% of the tehsils of the region have more than 

60~ settlements within 2 miles from the roads. Nearly 32 per cent 

of the settlements of the region are at a distance of 2 to 4 miles 

away from the roads. Ferozepur Jhirka has only 3. 71 per cent 

(minimum) of settlements from 2 to 4 miles av.ay from the roads 

(Table No.6), Kira.uli tehsil has 60.35 per cent (maximum) of the 

settlements within a distance from 2 to 4 miles from the roads. / 

There are only 6 tehsils where more than 50$ villages fall within a 

distance of 2-4 miles from the roads. These tehsils don't m~e a 

contiguous region and are scattered in the southwest, mid-southwest, 

southeast and east of the region. 
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Table No. L1 

Road Accessibility 
i 

I aNo. of vii1-a No.of vii1-:No. of alage ot IPercen-:Fercen-
s. I aages within a ages 2-4 avilla- avilleg- atage ofatage o·f 
No.a'Tehsil atwo miles ofa miles avay ages moreaes with-avilla- &villages 

' athe roads a from the &than 4 ain tm ages · ·) a more 
• : a roads a miles &111\iles ofa2-4 athan 4 
I a I aav..ay fr-:the a miles amiles 

• I I aom the a roads a away a away 
I I I &roads a If !."'m afrom the 
• I ' I I a the &roads 
a • I I I &reads a 

1. Delhi 236 22 - 91.97 8.52 
2. Gurgaon 212 12 - 94.64 5.35 
3. Rewari 403 22 94.82 5.17 
4. Ballabgarh 182 21 89.65 10.34 
5. Palwal 185 12 93.90 6.09 -
6. Nub 262 27 90.65 9.34 
7. F.Jhirka 233 9 96.28 3.71 
B. Cbhata 53 85 25 32.51 83.14 15.33 
9. Mathura 130 91 5 57.52 40.26 2.21 
10. Bharatpur 211 70 5 73.77 24.47 1.74 
11. NaQ.bai 93 16 5 81.57 14.03 4.38 
12. Weir :::;35 16 89.40 10.59 
13. Kaman 171 87 10 66.27 93.72 3.67 
14. Nagar 109 53 10 63.37 30.61 5.81 
15. Deeg 75 39 5 63.02 32.77 4.20 
16. Mahwa. 85 67 55.92 44.07 -17. Toda Bhim 87 49 5 61.70 34.75 3.54 
18. Jaipur 52 43 5 52.00 43 5.00 
19. Amber 103 75 40 47.24 34.40 18.34 
20. Sikr~i 96 30 10 70.58 22.05 7.35 
21. Dausa • 97 l37 35 40.41 57.08 14.58 
22. Baswa 58 80 30 34.52 47.61 17.85 
23. Kotputli sa 52 l8 42.62 42.62 14.75 
24. Bassi 107 98 5 00.95 46.66 2.38 
25. J. Rarngarh lD1 117 40 39.14 45.34 15.50 
26. Bairath 57 62 15 41.59 46.26 ll.19 
27. .A1~r 207 l34 15 57.98 37.64 4.21 
28. Kishangarh 128 94 57.65 42.34 -a e. Manda war 96 37 72.18 27.81 
30. Thanaghazi 65 79 8 42.76 51.97 5.26 
31. Ban sur 76 38 10 61.29 30.64 8.06 
32. Rajgarh 171 65 10 69.51 26.42 4.06 
33. Lachbmangarh 174 143 4 54.20 44.54 4.67 
34. Behror 108 55 15 60.67 30.89 8.42 
35. Tijara 141 67 67.78 32.21 -
36. Agra . 79 40.60 59.39 
37. Kirauli 67 102 39.64 00.35 
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Hardly ~ of the settlements of the region are located 

more than 4 miles away from the roads. Tehsils of district Gurgaon 

and Delhi in the north, Kirauli and Agra tehsils i.n southeast do 

not have any village which is more than 4 miles away from the roads. 

The values range from 1. 73 in Bharatpur tehsil (minimum)· to 18.34$ 

in Amber (maxnum). In the tehsils in southwest of the region (the 

areas which have hilly and forested topography) the percentage of 

those villages which are more than 4 miles away from the roads is 

higher (ranging from 4 to 18%). 

The road development plan of 1961-81'* lays down the follow

ing proposed diStances of settlements from a metelled or any other 

road in are Cil9 w1 th differe'nt levels of development. 

* A road development plan was snbmitted in 19SB by the Committee 
. of Chief Engineer.s to study the development of road construction 
made ,in this country. The following points were taken in considera-

tion while preparing this 20 year road development plan; (a) Need 
of semi-developed and undeveloped areas, including forest areas, 

' in ~ddition to the needs of highly developed and agricultural 
areas; (b) location of administrative peadquarters, places of 
pilgrimage, health resorts, tourist centres, universities and 
cultural cent-res; (c) location of industries, important commercial 
centres, big railway junctions and ports; and (d) the strategic 
needs of the country. Taking in account the future requirements 
of the different types of areas in the country, the Committee 
has laid dow.n the maxim~ proposed distances of roads from them 
as given below 

... 

Maximum distance (miles) of ~ny place 

Description of area 

Developed & Agr.Area 

Semi-developed area 

Undeveloped and 
uncultivable area 

: I 

•~-----N-o.rm~~~~----~-• :From a met&ll-a From anya 
led road 1 road 1 

4 

8 

12 

1.5 

3.0 

s.o 

Mileage per 100 
sq. miles of area 

70 

30 

19 
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But it is difficult to test the norms without exactly 

knowing how the Committee proposed to identify the areas into 

Developed and Agricultural Area, Semi-Deveoped Area and Undeveloped 

anc1 Uncultivable Area, as the information regarding it could not be 

obtained. 

• 
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OHAP'l'ER II 

LBVELS OF WAD NJTIORK DJVBIPBIENT 

GRAPH THEORY TE(!HNIQ,UE FOR NETWORK ANALYSISa 

Fundamental concepts of graph theory fa.cili tate s 

recognition of relations between seemingly non-correlated 

elements of transport network. The graphs are defined as 

~angement of points which are connected or not connected to 

one another by straight lines corresponding to the original 

network. Disregarding the exact difference between tbe net

work's vertices the graph may be redrawn in a more abstract 

way. The points and lines may be assigned with individual 

numerical values which represent the m~gnitude; 1. e. the 

values attached express the length of each route. Thus graph 

is simplified representation of network. 

Planer and non planer graghs a 

(1) Planer graphS a in these graphs all the inter-. .. . 
sections of edges are· junctions and considered as vertices. 

These graphs are in a single plane. 

(2) Non planer graphs I In non planer graphs edges 

can cross without any junction, for example, as in some raUways. 

Most of our railways and roads make planer graph, whereas 

air1'4ys make non planer graph. 

Graph theory provides the language to define tb8 

:topological properties of the netV«>rk. The theory deals with 



abstract configurations consi.sting of points and lines. 

Graph theoretic measures of network structure can be 

derived if we simplify the transport network into a graph. The 

following three symbols may be noted from this simplified graph& 

1. Each crossing of l'!outes or terminus is eonsidered 

as vertex (V) 

2. The route joins the two vertices is ·called edge by (e) 

a. Number of subgrapbs or subsidiary networks are denoted 

by P• 

Based on these three properties of graph &11 the 

following mentioned non-ratio and ratio aeasures of network as 

a wholes have been derived. 

1. Cyclgmatic Number a This is a fundamental index (non-ratio) 

of the graph theory. The cyclomatic number indicates the number 

o-f circuits• in a transport network. This may be calculated 

by the following formula& 
• 

)l.=e-v+p 

(E, V, and P are as defined earlier) 

Any disconnected or tree shaped network has ze1:0 cyclo.matic 

number. On the other hand, highly connected network nas higher 

values for u. It has been observed that under-developed countries 

have tree or disconnected graph-shaped network and developed 

countries have highly connected transportation network. This 

shows that cyclamatic number is. a very useful indicator of 

transport network structure. The greatest drawback is that it 

• dirculi·is a patfi Where we start from a particular place 
(vertex) and bat.ck to the same vertex without crossing tlny 
of the edges more than once. 
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does not consider the sbape and size of the region. For 

example, it is economical to connect the alongated region by 

some linear fashion. If the vertices are more possibly the 

circuits $lso ma..y be more.t thus the comparison of two different 

sizes of networks is not possible. 

2. Alpha: This is· an adjusted form of tbe cyclQmatic number. 

Its formula is given below. 

~fp:;i> - ~ ,. (V-1~ 

e stands for edges or routes,~ V stands for vertex, p. stands 

for the number of isolated subgraphs. The formula. may be 

interpreted as it is the ratio between the actual circuits 

and total possible circuits in a given area. In the above 

equation u denotes the actual number of circuits and denominat~ 

is equal to the total maximum possible circuits in the region. 

According to this index connectivity values will range from 

zero to one. For completely inter-connected network (1. e. 

maximum number of edges) the value will be one. As the 

edges decrease the connectivity value will go on decreasing 

towards zero. The value will be zero for the network which 

has no circuit. Thus the index is independent of the number 

of vertices in the network. The advantage of this index is 

that we can compaee two networks of equal or unequal sizes. 

a. Betal This expresses the relationship between edges 

(routes) and vertices of a given network. Mathematically it 

can be expressed as 

I 
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B fo·r developed network will have higher values, 

tree like or disconnected network will have less values, less 

than unity and the network which has one circuit only will have 

unity as its value. Better d.eveloped network h~.s flcfl:' 'VQEWt 

v e~ue more than unit,. ~he index is o.f'fected by shape and size 

of the area. 

Gameu - This denotes ratio between edges and ve~~ices and 

may be expressed by the following formula. 

(This foDnul~ indicates the ratio 
between edges and total possible 
vertices). 

Since gaga index is relative, its comparison between 

two networks is possible. The values of this index varies f'l:om 

zero to one. The most developed index will have the value of 

one. This index is independent of vertices. According to the 

index value one will be assigned to all the completely connected 
• 

networks irrespective of the number of vertices they have. 

s. Eta: - This is the ratio between total road mileage of an 

area and total number of edges in that area. This expresses 

relationship between the transportation network ~s a whole and 

1 ts routes as individual elements of network. Eta may be 

expressed by the following formula& 

n = M/e, where e denotes edges alld M stands for 

total mileage of the network. It has two drawb•cks; first 

that 1 t does not take into account the number of v ert1ces1 
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hence subjected to size variations, and second that it is dependeit 

on the spatial distribution of the vertices. This is a negative 

indicator. Higher value indicates lower development and vice 

versa. 

6. Theta: This is the ratio of the network as a whole to its 

vertices and may be expressed as &~= 14/v. ~his represents average 

length of edge per vertex. Its main property is tnat 1 t offers 

intoD&ation about length, structure and also on the degree of 

connectivity simultaneously. The disadvantage is that the 

comparison is not possible when the netmrks of regions have 

different shapes, and distribution of vertices is different. 

It is evident that all these reasons are abstract in that the 

geographical m~gnitude of the network is ignored wben all edges 

are arbitrarily essigned value one. 

7. ~oad Densi t2: Road density also has been taken as an indi

~tor of road network development. Tb.e total road mileage of 
• 

the network has been divided by the area of that region. 

s. H Index: This index shows the accessibility with respect to 

na.tional highway. The distance of the least aecessible v illa.ge 

from the national highway has been measured. Higher the value, 

lower the accessibility of a tehsil would be. 

This index is important because of tv.o reasons: (1) 

since our area of study is "The national highway triangle of 

Delhi-Jaipur-Agrau, there should be some indicator to reflect 

the national high~ay. (2) The second reason which is of greater 
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significance is that the particular roads which may be district 

roads, village roads or any other. category of the roads, are not 

independent systems. These tributaxy and feeder roads utlimately 

join the national highway. Thus through the link roods the whole 

region is brought in the national picture. In this way, looking 

at the overall network system of a region, the accessibility of 

a tehsil or area from the national highway is very important. 

The H index has been calculated from the key map of 

road network. From each tehsil a least accessible v Ulage (from 

the national highway) has been taken and its distance measured 

from thes 8Jlle. Tehs ils which have higher values mean that they 

are least accessible and v ice'!-v ersa. 

9. Q. Index: This is the index Gf settlement eonnectiv ity, 

where the definition of connectivity is somewhat different. If 

any village is slightly away from the road one must not call it 

as absolutely unconnected. So some importance should be given to 

those set:tlentents which are nearer to the roads. We have taken 

this limit as two miles away from the roads. 

Another important aspect of this index is the size 

of different villages. SUppose there are two villages; one is 

big and the other one is small, big village bas ~. better chance 

to be connected earlier. Now if they are being connected at 

the same time, the bigger village should be given some penalty 

which can emphasize this degree of disadvantage, resulted in 

because of its being connected later. Contrary to it more and 
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Table .lfo. S~ 

Process of Q, Index 

a:t.. Viifayes on the Roads a Sage o't the villages tci the total 
1 (of six categories) 1 villafes of that class 

I 

s. ' 
No. aTehs11 at III alii a iV. 1 v 1VI a I · a I 1 III 1 IV a V a Vi 

l. JAIPUR 2 5 l 2 0 0 o.o30 o. 217 0.125 o. 400 OeOOO -'0.·000 
2. AMBER 3 7 4 5 1 0 0.028 0.137 0.12 5 o. 416 o. 500 o. ooo 
3. 1111.11&1.~ 6 1 0 2 1 0 0.092 0.023 o.oo o. 500 1.000 o.ooo 
4. DAUSA. l2 1 4 1 0 0 0.077 0.019 0.173 0.142 o.ooo o.ooo 
s. BASRA 2 4 2 2 0 0 0.022 o.oa8 o.1oo o.285 o.ooo o.ooo 
6. KOTPUTLI 5 4 11 3 0 0 0.029 0.093 0.366 0.250 o.ooo o.ooo 
7. BASSI 7 4 4 3 0 0 0.048 0.137 0.333 o.soo o.ooo o.ooo 
a. JIJINA 

o.o65 o.12o o.os3 o. soo o.ooo BAMGARH 11 4 3 1 1 0 0.078 
9. BAIRATH 2 3 2 4 1 1 o.o4l o.1oo o.o83 0.222 o.a33 1.ooo 
10. ALWAR 20 10 1 4 1 0 0.094 o.l35 o.o25 o.266 1.ooo o.ooo 
ll. KISBANGARH 7 lO 3 2 0 0 0.058 o.142 o.166 o.285 o.ooo ~.ooo 
l2. MA.NDA'f AR 5 3 7 2. 0 0 o.U6 0.054 0.291 0.285 o.ooo o.ooo 
13. THANAGHAZI 7 "6 3 1 0 0 0.084 0.214 0.176 0.142 o.ooo o.ooo 
14. BANSUB. 4' ·5 3 ·1 1 0 0.074 o.128 o.125 o.2oo o. 500 o.ooo· 
15. RAJGARH 23 5 7 5 0 0 0.153 0.096 0.233 0.454 o.ooo o.ooo 
16. LACHHMA.N-

GARH 16 11 0 3 1 0 0.100 0.106 o.ooo 0.166 1.000 o.ooo 
17. BEHBOR ;1.0 9 6 2 1 0 0.196 0.152 0.120 o. 222 1. 000 o.ooo 
lB. TL1ARA 17 9 2 3 0 0 0.134 0.176 0.142 0.750 o.ooo o.ooo 
19. TOD.A.BHIM 6 9 1 1 0 0 0.085 0.250 0.043 0.125 o.ooo o.ooo 
20. MAHWA 8 6 5 3 0 0 0.088 0.206 0.217 o.soo o.ooo o.ooo 
21. D!LHI 8 9 12 32 3 1 0.173 O•l83 0.160 0.551 0.500 0.500 
22. BALLABGARH 2 J: 33 30 17 3 0 0.338 0.687 0.681 0.772 o.ooo o.ooo 
23. GURGAON 29 31 37 11 4 0 0.439 0.455 0.649 0.647 1.000 o.ooo 
24. NOH 45 20 -61 19 3 0 0.348 0.338 0.446 0.791 1.000 o.ooo 
25. F .JHIRKA 47 39 24 7 3 0 0.405 o.590 o.615 o.777 1.ooo o.ooo 
26. PALWAL 20 28 18 5 7 0 0.392 0.430 0.428 0.263 0.975 o.ooo 
27. JmRARl 42 58 29 15 0 0 0.283 0.362 0.397 o. 714 o.ooo o.ooo. 

vnrages within two mlJ:es 
of the roads 
i III JIII IIV I VI VI 

24 9 6 3 0 o.oo 
43 20 17 2 1 o.oo 
43 29 14 0 0 o.oo 
51 23 3 1 1 0.79 
29 10 8 1 0 0.48 
12 12 7 2 0 o.aa 
66 16 4 3 0 0.89 

42 26 8 4 1 0.81 
11 11 16 6 0 0.44 
106" 39 20 6 0 0.171 
64 31 8 3 0 0.106 
29 35 11 4 0 0.79 
28 11 6 3 0 0.480 
25 21 13 3 0 0.62 
82 ao 15 4 0 0.131 .. -

- ' - • ;-! 

73 44 17 9 0 0.143 
22 28 27 3 0 0.80 
79 21 9 1 0 o.110 
35 l8 12 5 0 0.70 
42 12 8 1 0 0.63 
38 40 63 26 3 1.171 
41 15 14 5 3 0.78 
37 37 20 6 0 0.100 
84 39 26 5 0 0.154 
'69 27 15 2 0· 0.113 
31 37 24 14 1 0.107 
106 102 44 6 1 0.259 

.• ...... 

•• 
2 

liage of villages to the total villages of 
lthat class 
I i Q II I III T :I I2 I v f VI 

0.369 0.391 o. 700 0.600 o.ooo o.ooo 
0.401 0.392 0.531 0.166 o.soo o.ooo 
0.661 o. 690 o.7oo o.ooo o.ooo o.ooo 
0.331 0.400 0.13) 0.142 1.000 o.ooo 
0.322 0.222 0.400 0.42 o.ooo o.ooo 
0.352 0.279 0.233 0.166 o.ooo o.ooo 
0.458 0.551 0.333 o.ooo o.ooo o.ooo 

0.297 0.426 0.320 0.333 0.500 o.ooo 
0.229 0.366 0.666 0.333 o.ooo o.ooo 
0.502 0.527 o.roo 0.450 o.ooo o.ooo 
0.533 0.442 0.44.4 0.428 o.ooo o.ooo 
o. 674 o. 636 0.458 0.571 o.ooo o.ooo 
0.337 0.392 0.352 0.428 o.ooo o.ooo 
0.462 o. 538 0.541 0.400 o.ooo o.ooo 
0.646 o.ms 0.600 o.aes o.ooo o.ooo 

• I . -
'c ., .. r 

o.4se 0.427 0.459 o.ooo o.ooo o.ooo 
-0.431 0.474 0.540 0.333 o.ooo o.ooo 
0.626 0.411 0.642 0.250 o.ooo o.ooo 
o.soo 0.500 0.821 o. 625 o.ooo o.ooo 
0.466 0.·413 0.347 0.166 o.ooo o.ooo 
0.826 0.816 0.840 0.448 o.soo 0.500 
0.661 0.312 0.318 0.227 o.ooo o.ooo 
0.560 o. 544 0.350 0.352 o.ooo o.ooo 
0.651 o. 661 0.553 0.208 o.ooo o.ooo 
0.594 0.409 0.384 0.222 o.ooo o.ooo • o.6o7 0.569 0.571 0.736 0.125 o.ooo 
0.716 0.637 0.602 0.285 1.000 o.ooo 
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Table No. 

Process of Q Index 

3 

After giving the weight to villages on the roads s. :rehsil 
No: 

, ____________________________________________________ __ 

1· 
2· 
3. 
4. 
5. 
6. 
7. 
8. 
g. 

t • t 
t 
~ 

10. 
11. 
12· 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 

Jaipur 
.Amber 
Sikrai 
Dausa 
·Baswa 
Ko tputli 
Bassi 
J.Ramgarh 
Bairath 
Alwar 
Kishangarh 
Mandawar 
Thanaghazi 
Ban sur 
Rajgarh 

$ • ! , 
' 

Lachhmangarh 
Behror 
Tijara 
Toda Bhim 
Mahwa 
Delhi 
Ballabgarh 
Gurgaon 
Nuh 
F. Jhirka 
Palwal 
Rewari 

I 

.578 
0.540 
1. 774 
1.485 
0.424 

. 0.559 
0.925 
1·504 
0.790 
1.813 
1.118 
2.37 
1.62() 
1.427 
2.951 
1-929 
3. 781 
2.584 
1.639 
1.697 
3.337 
6.520 
8.468 
6.713 
7.812 
7.92 
5.459 

. 
: • t 

' 
II 

4.149 
2.619 
0.439 
0.363 
1.682 
1.778 
o. 707 
1.242 
1.912 
0.669 
2. 715 
1.032 
4.091 
2.447 
1.835 
2-026 
2.906 
3.365 
4. 780 
3.938 
3.498 

13.135 
8.699 
6.462 

11.280 
8.221 
6.921 

• : 
' t • 

III 

3.253 
2.326 
o.ooo 
3.219 
1.861 
6.911 
6.197 
2.233 
1.544 
0.465 
3.089 
5.416 
3.275 
2.326 
4.336 
o.ooo 
2.233 
2.642 
o.80o 
4.038 
2.977 

12.674 
12.079 
8.300 

11.446 
7.965 
7.388 

• : 
• IV t 

' 

7.038 
7.320 
8.798 
2.498 
5.015 
4.399 
8.798 
1.460 
3.906 
·4.680 
5.015 
5.015 
2.498 
3.519 
7.989 
2.921 
3.906 

13.197 
2.199 
8.798 
9.695 

13.584 
11.385 
13.919 
13.672 

4.628 
12.564 

• . ; v 
' I 

0 
7 .6!4 

15.228 
0 
0 
0 
0 

7 .6!4 
5.070 

15.228 
0 
0 
0 

7.614 
0 

15.228 
15.228 
o.ooo 
o.ooo 
o.ooo 
7.614 
7.614 

15.228 
15.228 
15.228 
14.843 

0 

t.. . 
: 

: VI ; To tal 
• • 

0 15.019 
0 :;n. 419 
0 25.239 
0 7.565 
0 . 8.982 
0 13.547 

·0 16.627 
0 14.053 

10.152 23.374 
0 22.855 
0 11.937 
0 13.832 
0 11.484 
0 17.333 
0-. 17 .111· 
0 22.104 
0 28.054 
0 21.788 
0 9.413 
0 18.471 
5.076 32.197 
0 53.527 
0 55.859 
0 50.622 
0 59.438 
0 43.581 
0 32.332 

4 

After giving t weight to villages within t'Ml miles of the roads 

I 

3.559 
3.867 
6.375 
3.192 
3-105 
3.395 
4.417 
2.864 
2.208 
4.841 
5.140 
6.500 
3.250 
4.455 
5.266 
4.427 
4.156 
6.037 
4.822 
4.494 
7.966 
6.375 
5.401 
6.278 
5.729 
5.854 
6.905 

. 
t 
I II 
t 
t 

3. 737 
3.747 
6.596 
4.302 
2.122 
2.667 
5.267 
4.072 
3.498 
5.038 
4.225 
6.080 
3. 747 
5.143 
5.506 
4.082 
4.531 
3.929 
4.780 
3.948 
7.800 
2.982 
5.2JQ 
6. 319 
3.910 
5.439 
6.089 

. 
' • Ill 
' , 

6.979 
4.941 
6.514 
1-209 
3.722 
2.168 
3.098 
2.977 
6.197 
4.653 
4.131 
4~262 
3.235 
5.034 
4.653 
4.271 
5.025 
5.974 
4.848 
3.229 
7.817 
2.959 
3.257 
5. 1'9{> 
3.573 
5.313 
5.602 

. . . • 
' • 

. 
IV : ; v 

' 

5.278 o.ooo 
1.46G 3.807 
o.ooo o.ooo 
1.249 7.614 
3.695 o.ooo 
1.460 o.ooo 
4.399 o.ooo 
2.929 3.807 
2.929 o.ooo 
3.519 o.ooo 
3.765 o.ooo 
5.023 o.ooo 
3. 765 o.ooo 
3.519 o.ooo 
3.191 o.ooo 
4.399 o.ooo 
2.929 o.ooo 
2.199 o.ooo 
5.498 o.ooo 
1.460 o.ooo 
3.941 3.807 
1.997 3.807 
3.096 o.ooo 
1.829 o.ooo 
1.953 o.ooo 
6.475 0.951 
2.507 7.614 

. 
: 
• VI , 
• 

o.oab 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
2.538 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 

. . . 
I 
I • 

. • . 
Total ; 

I 

19.553 
17.822 
19.485 
17.566 
12.644 
9.690 

17.181 
16.649 . 
14.832 
18.051 
17.261 
21.865 
14.037 
18.151 
18.618 
17.179 
16 ~641 
18.139 
19.948 
"!3.131 
33.869 
18.120 
16.954 
19.572 
15.165 
24.032 
28.717 

Q. Index 

34.572 
38.241 
44.724 
25.131 
21.626 
23.237 
33.808 
30.702 
38. 2:)6 
40.906 
29.198 
35.698 
25.521 
35.484 
35.729 
39.283 
44.695 
39.927 
29.361 
31.602 
66.066 
7 !.647 
72.813 
70.194 
7 4.603 
67.613 
6!.049 
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more weightage should be given to smaller ~nd smaller villages. 

Above mentioned, facts have been reflected by the Q. index, 

which has been cal eulated by the following v..ay. In the first 

step of calculation all the settlements in the region have 

been put in three categories according to the distance f'rom 

the roads; (1) the villages on the roads (2) villages within 
" 

-two miles of roads (3) villages more than two miles away from 

the roads. Villages more than two miles ?.way from the roads 

were considered unconnected. 

Another step was to classify the villages in six 

categories• according to their size. The villages on the 

roads were put in table number 5" and villages within two miles 

f'rom the roads were put in table number ~ The villages located 

on the roads have been divided by the total number of villages 

of thtat class in a particular tehsil, thus making the figures 

comparable. Similarly the villages within two miles from the 

roads (as given in table number$:) were processed. 
• 

The next stage was how to give the weightage to a 

particular size of village. As mentioned earlier the villages 

were classified in six categories accordirig to the population. 

The mid values were taken for all the six classes and these 

values have been arranged in tl.scending order (highest value 

at the top and lowest in the bottom). The cumulation figures 

* These six classes of village are based on census of India 
alas sifi ca. tion. 
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were arrived at in such a way that with gradual decrease in 

actual figure (mid values of different classes), resulted in 

gradual increase in cumulative values. The percentage for each 

cumulative value with 1 ts total has been calculated. The per

centage for eaah cumulative value with its total has been 

calculated. The percentages were taken as the weightages* for 

the respective classes of villages, highest weight being for 

the lower most size of villages. The percentage of different 

villages in different tehsils .{class wise) were multiplied by 

these weightages. 

A similar process has been adopted for the villages 

which are within two miles of the roads with the exception of 

the fact that the weightages given were half of those which 

were. given to the villages located on the roads. After allott

ing the weightages all the twelve values of both tables were 

added for each tahsil. This became the value of Q, index for 

that particular tehsil • 
• 

While preparing indices of road network development 

vertices and subgraphs were calculated in different way. All 

the settlements in a tehsil and crossing or terminu~ of routes 

were considered vertices. Apart from subgraphs of road. network, 

• The following formula has been worked out for giving 
weighte.,ges: 

CIW,j 
Wj a m 

£CMVJ 
aMVj = c~lative mid value of the class size from 

above in j th class 
Wj - weightage assigned to jth class 

EciW = Sum of CUMUJ 1 s 
(J = 1, 2 •••• m) 

m = total number of classes. 
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all other settlements away from the roads were also considered 

as subgraphs. The reason is that on this basis we take in 

consideration the overall situation of a unit area. Afterall 

the ultimate objective is to connect all the settlements of a 

given area. On this basis we oa.n take in consideration all the 

settlements whether they are on ~he roads or not. 

EFFBJTIVENESS OF DIFFERENT INDICATORS 

In figure 3 the effectiveness* of above indicators has 

been mapped. From this map the position of each index in each 

tehsil can be seen. 

It is noted that all these indicators are not equally 

effective in each and every tehsil. On the basis of shape and 

size of polygons (which indicate effectiveness of various indica

tors) the whole region may be divided roughly in following three 

zones. 

• 
I. The first zone includes Delhi and tehsils of Haryana. 

Two things are noted in this zone: 

(i) The polygons are of large size, which indicate 

the high level of network development. 

(ii) Secondly, in this zo.ne of high level of network 

d.ev elopment, cyclQmati c number and Alpha indices 

are most dominating and effective. 

• (1) In order to show the effectiveness of indicators, scale 
free values have been shown by lines in definite direetions 
hav 1ng a common scale. 

(2) Only eight indicators h~ve been shown in this map and 
Q. ind.ex has been avoided because 1 t was calculated only 
for 27 tehsils due to data limitation. 
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These ~wo indices are dominating because the zone has got 

very complicated road network, which is responsible for more 

circuits in the said zone. Alpha is effective because it 

depends mainly on the circuits observed in a particular region. 

(iii) Lastly, ~11 other indicators are also not so 

weak in this zone, except Delhi. 

II. The tehsils of ~edium size polygons are fragmented in 

three sub-regions. The tehsils of these sub-regions can be 

further grouped under two categories: 

Firstly, the tehsils where particular indicators are 

dominating and most effective. For example, in Bharatpur, gama 

is most effective, in Nadbai and Kotputli H in£\ex plays O.omina

ting role, in Jaipur alpha ismost effective, in Alwar tehsil 

cyclomatic number is more important. The remaining tehsils of 

this category comes in second group where polygons are almost 

regular and domination of particular index is not so much. 

• 
III. In this category there are sub-regions where the 

polygons are of very amall size, anowing lowest level of road 

network d.ev elopmeat. Except T 1ja.ra and Kisha"ngarh all other 

tehsils make ·a contiguous region extending from west to east 

in southern h&lf' of the region. The H in£\ex is very much 

effective in all those tehsils which are crossed by national 

highway. Through~ut this southern zone the regularity of 

polygons is disrupted mainly by the effeotivens s of H index. 
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Table Nv· £ 

Inter - Correlation matrix 

r Dn n 

.40 .98 .66 .71 -.40 

1 .48 .55 .62 -.18 

1 .67 .74 -.02 

1 .77 -.32 

1 -.37 

1 

• 

Theta Q. H o.I. 

.69 .26 .07 
. 

• 82 
I 

.51 -.18 -.26 -69 

.65 .so .04 .81 

.66 .26 -.03 .71 

.sa .-86 -.10 .86 

-.01 -.99 .39 -.33: 

l .as .10 .71 

1 -.72 .67 

l -.27 

l 
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VALIDITY OF THE INDICATORS TAKEN IN STUDY 

In order to see the valid_ity of the indicators taken in 

this study the inter correlation matrix of the said indicators 

has been prepared. Those indices which have~t significant 

correlations, particularly the structural indices, have been 

el.ininated from the study. The $ttacned(Table No.,) matrix 

shows that out of 36 sets of correlations 24 are positively 
-R.~ 

correlated. The following are positively correlated atj% level 

·.of significance. 

Oyclamatic number and Alpha 

Beta and Theta 

Road Density and Beta 

Beta and Alpha 

Beta and Oyclarnatio Number 

Cyclamatic Number and Theta 

Alpha and Road Density 
• 

Cyclamatio Number and Road Density 

Road Density and Theta 

Alpha and Theta 

Beta and Goma 

Gua and Road Density 

Ge!ma and Theta 

.98 

.as 

.77 

.74 

.69 

.66 

.66 

.6'4i 

.sa. .s, 
" 61 

The lowest correlation value is .04 for Alpha and 

National High?.e.Y accessibility, whioh shows that the said two 

variables have no correlation. The following sets are negatively 

significant in their correlations& 



Settlement Index and Eta - .99 

Settlement Index and National Highway accessibility_ .72 

Oyolamatic Number and Eta 

Beta and Eta 

Road Density and Eta 

c- .40 

-- .37 

-.::2 

National Highway accessibility and Eta are both negative 

indicators and hence their correlation is positive with r 

value .39. 
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If' we see the correlation of these variables with 

composite index of road network development we found that 

cyclamatio number, Gama, Alpha, Road density, Beta, Eta, Theta, 

Settlement Index (~ index) H index (National Highway acoessi-. 
bility) nave r value .82, .69, .sl., .71, .86, -.33, .71, .67, 

-. 27 respectively. Correlation values are very high among 

Beta and composite index, cyclamatic number and composite 

index, Alp~ and compos! te index. This shows that those 

three variables are the greatest contributor in form~tion of 
• 

the composite index (which indicates the level of road net

work development). 

Composite Indexa 

Oyclamatic Number, Beta, Alpha, Gama, Eta, Theta, 

Road Density, National Highway accessibility Index (H Index) 

settlement connectivity index (~ index) were taken for 

compositing together. The attached table number':'\ shows the 

value of different indicators tehsilwise. Mean v a.lue has been 
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calculated for each indicator. The values of all the indicators 

for each tehsil were divided by their· respective means except Eta 

and H Index (which are negative indicators) where the mean has been 

divided by the actual figtires. Thus we arrived at new figures 

which. were scale free and added up all the scale free values and 

lastly divide the total score· of each tehsil by number of indicators 

taken there in the study. By this process we got the composite l'l,akH.. 

showing 'the levels of road network devetopnent. 

Tnes of existing Road ~etwork in the Region 

Before analysing· the actual composite index o f network 

-· development, it would be interesting to throw some light on the 

- ...... ~.._ general features of the transport network of this region. If' we 

see the whole region we find different types of road networks 

ranging from very simple to complicated ones. The whole northern 

part (Map No.?~.) of the region is appearing like a thick net of 

roads. If we proceed southwards from Haryana we find some abrupt 

change in the road development particularly in case of district 
• 

Jaipur and Al.war. For example, Kishangarh and Tijara tehsils are 

just along Rewari and Ferozepur Jhirka, but their road network is 

very poor as compared to latter ones. Another point is that the 

~valll range and 1 ts surroundings have very poor network. Just 

looking o.t Amber, Than~azi, J aJilwa Ramgarh, Behror and Western 

part of Alwar, Dausa and Sikrai, the r.oad network is very poor, 

at the same time the settlements are also very few, which is the 

direct effect of physiography. Among the four tehsils otu.P. 

Agra has better road network. The actua.l road network has been 

s~plified in ~P No.4,5. 
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The simplified road network also gives some interesting 

pictures. In many tehsils the road system is a broken one, which 

shows the absolute backwardness of the network. In such a network 

which does not link each other roads, the chances of interaction 

are least hence may be considered as poor network. The road·net

work in Agra, Rewa.ri, Delbi seems to· be very much radial type from 

the maps. This indicates the importance of focal point from where 

all these roads are radiating. Generally, the roads are eoncentrated 
' 

towards the tehsil headquarters with few exceptions. In all, the 

six tehsils of Harya.na have very much complicated road network. 

Except A.lwar and Bharatpur, all the tehsils of Bba~atpw:, Alwar 

.and. s. Madhopur district have very few roads. Road network of 

Tijara shows that there are good number of roads which are linked 

to tbe.main roads but they don't contribute much to the structural 

efficiency of the network.system. Thistype of system is not 

supposed to be good one because here the degree of inter-connectiv~ty 

is least. The network systems which have maximum number of triangles, 

quartangle, squares or any type of such shapes contribute much to 

the total network structure in the region. It is because these 

types of roads connections make the circuits which lead to maximum 

inte:J:aotion. Delhi, Ballabgarh and Gurgaon are very good examples 

of this fa ct. 

Levels of network development 

The composite index showing the transport network 

development has the values ranging from o. 43 in K~man to 2.44 

in Ballabgarh. By quartiling the composite score the whole region 

is divided into four Qlasses. The most developed tehsils, (which 



Table No. 7 
48 Levels of Road Ne t"MJ rk Dev e lo pm en t 

-i Indices of Develoement of ··Road Network Indices of Devel Road Network Scale FrE!e . : . . . ~--
. . . . • . . . . . (t.l) S.Noj Name of 

: : t ; . 
; . z : t t i Tehsil M 1 

A-... 
I Dn p ' n ; Q M ' : J... On 13 

I ' .. r I • • fheta ; H r n • t I 1 Divided by 
I I $ : t t ' I 

' ' I I 
t I I f 

J I r I I Theta I H : ' Total I indicators 
, t t ' • I I 

t 
! t ' ' ' I ' •• 

• I t t ~ I , • f 

' 
, 

I I 

. 
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comes in fourth quartile) from the point of view of transport 

network development~ are the following: 

Ballabgarh 2.44 

Gurgaon 2.34 

Rewari 2.19 

Delhi 2.02 

F. Jhirka 2.00 

Nub 1.96 

Agra 1.32 

Kiroli 1..28 

All these highly developed tehsbils are crossed by the 

national highway except F.Jhirka and Nuh. The tehsils which have 

appeared to be the most b&ckward (which come in first quartile) 

regarding the network development are the following: 

C.I. Values C.I. Values 

Kaman .43 Deeg .49 

Lachhmangarb .45 To,da Bhim .53 

Jamwa Ramgarh .47 Kisbangarh .57 

Dausa .48 Bassi .59 

Baswa .48 

ltap No. I! indicates that there are distinct inter-regional 

yariations in tbe levels of road network development. The north, 

nor.tb eastern and eastern parts of the region are· making a distinct .... 

zone of' developed transport network. There is another smaller 

zone of the tehsil of Weir, which also has high level of road 



DELHI-:;A/PUl? ..... AGRA TRIANGL£ 
rood~ ttel work 
Le-~eh of dcv;elopm~nf 
BASED ON COMPOSITE INDEX 

FIG'6 

..... 



51 

netwo~. This smaller zone is surrounded from all three sides 

by lowest leve:t of road network, mod.erately low level of network 

and lastly by moderately high level of road network. 

It should be noted that most of the tehsils which have 

high level of road network, do occupy marginal positions and most 

of them are crossed by national. highway. On the other hand, a 

big chunk of area in soutbwest (except Jaipur and Amber), and 

Tehsil of Tijara, Kishangarh; Lachhmangarh, Deeg, Kaman and Nagar 

(which are in the interior of the region)show the low level of 
. 

road network dev elopnent.. Tehsils of .Alwar, Jaipur, Bharatpur 

are the unique cases in the region. These tehsils have high 

level of road network development, but surrounded by the tehsils 

of low level of network development. For example, the value of 
• 

c.omposite index (which shows the level of road network development) 

for llwar tehsil is 1.00 where as thi·s value is only .45 for 

Lacb.hmanga.rh and • 57 for :Kishangarh. This abrupt variation in 

the levels of network development can be understood by.the fact 

that these tehsils of high level of network development (which 

are surrou!¥led by low level of road network development) are 

distriQ~ he~quarters. ~~eing important from {ldministrative point 

of view, these have more interaot~ns, which resulted in high 

level of road network development. If we compare the levels of 

network .development (Jiap N'o. 6) and the actual road network . 
(Map N0.1~), some interesting conclusions· emerge out. In the 

areas where the road network is complicated the levels of road 

network in terms of the value of composite index is also high. 
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For instance, Ballabgarh, ~urgaon, Nuh, Rewaris etc. tehsils 

in Harye-na have complicated road network in the sense that the 

number of roads is comparatively very bight ·wnose composite 

scores are also very high. This means that there is close 

relationship between the volume of roads and the canposite scores 

of tehsils. Howevers there are certain exceptions to' this 

feature, for instance Tijara tehsil. Thistehsil bas no doubt 

several roads but their structure is such that most of the roads 

stretches are parallel to each other and are connected by few 

appro$ich roads. In such tehsils roads do not make circuit as a 

result of which the interaction in the hinterland of that road 

remains poor. 



53 
CH.ll'TBR III 

REGIONAL TRANSPORT OONNIDTIVITY 

In this chapter the patterns of transport connectivity 

have been worked out within the region at two levels of &real 

analysis; first within the tehsil and secondly betwe.en the tehsils. 

By transport connectivity we mean the linkages of settlements by 

bus-transport. However~· no reference has been made either to the 

frequency of transport or passenger movement by bus. It is presumed 

here that the bus linkages could give at least the connectivity- · 

pattern, though not its intensity. The bus time-tables collected 

from Regional Transport Offices of Ja.ipur and Agra, Haryana Roadways 

Head Offices at Gurgaon and Na.rnaul, Scheduled Section of Delhi 

Transport Corporation at Delhi, provide the data base for the analysis 

carried out in this chapter. 

The connectivity indices for within the tebSil and. between 

the tehsils ~ve been worked out on two basisa (1) Connectivity as 

the ratio of f!laximwn possible connectivity of settlements along the 

road and (2) Connectivity as ratio to maximum possible connectivity 

of settlements in a tehsil. The first index has been 09-lculo.ted to 

see what is the level of connectivity of settlements which are 

already along the roads. For calculating connectivity on second 

basis the reason is that the connectivity of the settlements along 

the roads is not the:t'inal aim but ultimate objective is to see the 

level of connectivity in relation to total settlements in a tehs il. 

There are 7448 settlements in the region out of which 

1343 are along the roads. By the settlements along the roads we 
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we mean all those settlements which are within a distance of one 

furlong from the roads. Of the total settlements in the region, 

18.03 ~~fbi' are along the roatl s. 

'The northern part of the region (including tehsils of 

Haryan.a and Delhi) and Agra in the east have highest proportion 

of settlements a1ong the roads. Gurgaon ~nd Ballabgarh are the 

tehsils where half of its total settlements are along the roads. 

This northern part of the region has very high road density. This 

is the category in which the proportion of settlements along the 

roads is above 20. 

The tehsils of aoderately high concentrati~n of settle

ments along the roads are fra.gmented into three small sub-regions;. 

Mathura~ in the southeast, Raj g~.rh in midsouth, Behror and 

Kotputli in west, form these sub-regions. Here the percentage 

of settlements ranges from 15 to 20. 

The tehsils which have low concentration of settlements 

(10-15%) are highly fragmented and do not occupy a contigUous 

regien. the tehSils which have lowest concentration of settlements 

along the roads make four sub-regions where the percentage is 

below 10. The biggest chunk of area of this category is located 

in southwest of the region. 

The settlements concentration along the roads is below 

1$ in all tnose tehsils which lie over the rugged surface of 

Arav allis in south-western part of the region. 
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Intra-Tehsil Bus Co·nnectiv ity: 

Not· all the villages within the tehsils are connected 

by buses. It is only those settlements which are along the roads 

that are connected through the buses acting as either transitory 

points or terminal points. This prompts one to investigate into 

the connectivity amongst the settlements which are along the roads. 

By connectivity, we mean the linkages of a settlement by bus with 

another settlement. Thus, 1£ a settlement is linked with a large 

number of settlements by bus, it is said to have higher connecti

vity than a settlement which is linked with a fewr: number of 

settlements. Thus the matrices have been prepared for all the 

settlements along the roads for every tehs 11, where each linkage 

is given the value of one and from '~ere a composite value for 

bus-connectivity has been calculated, thus giving the observed 

connectivity (c) of settlements along the roads. The observed 

co nne ctiv ity is different from the optimum connectivity which 

iS cal.culated as n(n-1) (where n stands for the total number of 
. . . 

settlements), where every settl~ent would be connected with 

every other settlement. The ratio between the observed connecti

vity and the optimum connectivity v.euld give us the oonnectiv ity 

index. 

Thus CI : 0 

n(n-1) 

Where OI stands for the index of connectivity 

c stands for the observed connectivity 

n sta.tils for the total number of settlements within the tehsj 



56 

In the second instance the connectivity indc (OI) has been 

· calculated as the ratio of observed oonnectiv ity amongst the 

settlements along the roads (c) to optimum connectivity amongst 

such settlements where n1 stands for the number of settlements 

along the road. 

I. Interpretation of Connectiv 1 ty IndeJS: 

Tbe values of the connectivity index (C~ = ~0--~ 
ii(n-fl 

have been plotted in fig.7 based on quartiles to identify the 

regional pattern of distribution of its values. Xhe following 

observations are made: 

(1) High ~onneetivity Ar~a~ 

The tehsils of high connectivity are Delhi, Mahwa, 

Kotputli, Agra, Weir, Ra.jgarh, Ballabgarh, Jaipur, Palwal and 
' . 

Behror, where the irr:tex values range from .ooso to .0119. These 

tehs ils do not form a oontiguous region, but are in four frag

mented subregions in the north, south-south-east, south and west. 

The northern sub region has the ~aximum area covering the 

tehsils of Palwal, Ballabgarh am Delhi. While the eastern 

sub-region consists of Agra tehsil alone. 

(ii) Medium Oonnectiv ity Areas 

The tehsils of Gurgaon, N'uh, F. Jhirka, Jaipur, 

Thangazi, Sikrai, Manda war, Bansur" and Amber have mod€rately 

high level of co nne ctiv ity. The ind,ex values in these tehsils 
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range from .0025 to .0048. This region too is fral§Ilented intD 

four sub-regions. The northern sub-region consists of the 

tehsils of Gurgaon, Nub and F. Jhirka. The sub-region in the 

southwest consists of Jaipur and Amber; in the west 'only Bansur 

ani Thangazi and in south. Sikrai. As seen from fig.?, most of 

the tehsils of moderately high connectivity are located in the 

western part of the region extending from northeast to southwest. 

(iii) Low Oonne otiv i ty; .A.reas 

The tehsils of low oonnectiv ity are Bairath, Nagar, 

Chhata, Dausa, Na..dbai, Tij ara, Mathur a, Toda-Bbim, J. Ramgarh. and 

Rewari where the oonneotiv ity index values range from .0011 to 

0022. The sub-regions of this categpry are scattered and occupy 

marginal positions in the region. The southwestern sub-region 
' which covers tehsils of Bairath, J. Ramgarh, and Dausa occup1es 

the maximum area. Rewari and Tijara form a sub-region in the 

northwest, Obhata am Mathura form a sub-region in the east. 

(iv) Lowest Oonnectiv ity Areas 

The tebSils which fall under the lowest level of 

connectivity are Kishangarh, Bassi, Baswa,~ La ohhmanga.rh, 4lwar. 

Deeg, Kaman, Bharatpur and Kiraoli where eonnectiv ity irtdttx 

values range from .0008 to .0011. Leaving apart Behror, Bas'V\8. 

and Sikrai, the tehsils of this level of connectivity make almost 

a contiguous belt extending from northwest to southeast. 

II. Connectivity index for settlements along the roads 

1 [ 01 = c 1 has been illustrated in fig.S on the 
n1 (ni-l> _ 

' 
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basis of quartile method. The regional patterns emerging out 

of the illustration have been discussed in the following para

graPhs: 

(i) Hi@. Oonneotiv it;y; Areas 

The tebsils where the 01 values are bigb are Sikrai1 

Jaipur, Mahw~, Kotputli, Thangazi, Weir, Baswa, Amber and Dausa. 

The im ex values range from • 294 to • 755. All these tehs ils of 

high intra-tehsil oonnectiv ity are located in the southwest of 

the region. 

(ii) Medium Co nne ctiv ity Areas -
'Tb.e tehsils of medium oonnectiv ity are N&dbai, .Bansur, 

Bairath, J. Ramgarh, Behror, Mandawa.r, Rajgarh, Agra and Nagar 

where index values range from .189 to .277. Most of the area 

which falls under this level of connectivity is located in the 

west and southwestern part of the region. 

(iii) Low Co nne otiv i ty Areas 

The tehsils of moderately low intra-tehsil bus 

connectivity are Cbhata, Kaman, B@ssi, Kishangarh, Laohhrnangarh, 

Deeg, Alwar, Toda Bhim and Bharatpur with oonnectiv ity values 

ranging from .092 to .183. The zone of this connectivity level 

lies roughly in the- fil: ~~ middle of the region, is almost 
-- ' 

contiguous zone only interrupted by Nagar tehsil. 
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(iv) Lowe11t Oonnectiv ity Areas 

Tbe Whole of northern part of the region and Koraoli 

and Mathura tebsils on the southeast have low intra tehsil bus 

connectivity. The connectivity index values range from .010 to 

.o78. 
In brief, one can identify well marked intra-regional 

variations in connectivity index from fig. s. In the north and 

east is the region o.f lowest level of connectivity followed by the 

zone of moderately low connectivity in the middle portion of the 

region. This zone has a tendency to extend towards the mideast. 

The third zone of medium connectivity stretches in the mid-western 

position. In the west and south west of the region, is observed 

the hjgbest level of co nne ctiv ity. Thus the connectivity index 
l 

shows a tendency for decl:inefrom southwest to north and northeast. 

If we put all the four categories only in two groups of 

high and low connectivity, the region is clearly divided into two 

parts i.e. northeast and southwest. Northeastern region has low 

level of connectivity and southwestern half high level of connecti

vity. The point which should be noted is that the zone of high 

connectivity has rugged topography, while the zone of low level of 

connectivity is characterized by level surfaced topography. 

The comparison of figure numbers 7 and 8 reflects some 

contrasting situation in northern part of the region. Here the 

intra tehsil busAonnectivity is high if it is calculated in 

relation to total settlements. The situation becomes just 

reverse if it is calculated as ratio to maximum possible connecti

vity of settlements along the roads. This sharp contrasting 
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pbenomenon can be explained if we see the mechanism of two 

different formulae used for determining the levels of oonnectiv ity. 

The tehsils of Haryana have high index of oyclamatic number and 

alphatwhieh have increased the chances o£ high interactions of 

settlements among themselves. Because of bigh level of road net

work development the intra tehsil bus-6onnectiv ity (as ratio to 

maximum possible bus connectivity of settlements in a tehsil)is 

also high. But the level of eonnectiv ity comes lowest in this 

region 1:f the connectivity is analysed as ratio to maximum possible 

intra tebs il busconnectiv ity of settlements along the roads. The 

reason is that there are large number of settlements along the 

roads and on all the roads the buses are not plying. As a result 

of that the denomin~tor value (maximum possible connectivity of 

settlements along the roads) becomes very high which has resulted 

in the low level of oonnectiv ity. On the other hand there may be 

some tehsils where there are very fe~ads but all are served by 

the buses. Here the connectivity may become very high since the 

denominator value is low (because of few settlements along the 

roads). Thus the intra tehsil bus connectivity of northern region 

could be e.xplained. 

Inter Tehsil Bus Cot¥lectiv ity 

Inter-tehsll bus oonnectiv ity bas been calculated by the 

summation of direct connections of vUlages of one tehsil to the 

villages of another tehsil. Afterwards, 1 ts ratio has been 

calculated first to (1) to maximum possible connections in two 

given tehsils [<v1XV2~' V1 stands for number of vertices in a 
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tehsil, v2 stands for number of vertices in another tehsill 

seconily to the maximum possible connections of the set~lements 

along the roads (vlxV2), v1 stands fo_r number of settlements &:long 

the roads in one tahsil, v2 stands for number of settlements along 

the I:Oads in another tehsil). 'l'hus by takj,ng the ratio the inter

tahsil bus conne otiv ity values become comparable in the analysis. 

The degr:ee (values) of inter-tehsil bus connectivity of one tahsil 

with others bas been shown in the flow maps (Fig. Nos. 91 10, 11, 

12, 13, 14, 15, 16, 17, 18, 19, 20, 21). 

A. lnter-Tehsil Bus Oonneotiv itz (Conneotiv 1 tz as tbe ratio 
g! maxltiium: possibie conneeilvltx of' settiementsh 

The average inter-tehsil bus connectivity based on total 

number of settlements is lowest for·Tijara (.0007) and highest 

(.0065) for Gurgaon, as noted fmm oft diagonal columns of the 

matrix a. '.Cbe following patterns of inter-tehsil bus oonnectiv ity 

emerge f'rom the study of flow maps. (Fig. 9, 10, 11, 12, 13, 14, 

15, 16, 17). 

1. Tehsils pf high connecti~ity and high distance range 

Tehsils with a high degree of connectivity and covering 

larger range of distance are Behror, Dausa., S1krai1 MabWa, Toda.

Bhim, F. Jhirka, Gw:gaon, Pa.lwsl. 1 Bharatpur, Kotputli, Bairath, 

JatrffJ. Ramga.rb, Jaipur, Bassi, Matbura, OhhSta, 1leir1 Agra and 

Kiraoli. These_ make almost a contiguous circular zone, covering 

maximum area al.ong tbe national bigb.ways. The settlements of 

Ja1pur tehsil have maximum interconnection w1tb 131 settlements .iJi 
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the region and settlements of Kotputli have minimum connections 

only witll 21 villages. The maximum distance of interaction is 

284 between kms between the villages of the tebsils of Jaipur and 

Gurgaon. 

2. Low mnnectiv1tf and low distance rs~ 

The tebSils with lo•w connectivity ana. low distance range 
0 

are B&nsur, Tij ara, Kisb.angarb, Deeg, Nagar, Kaman, Lacbhmangarh 

and ~swa. They do not :tom a contiguous region, yet a~l the . 

sub-zones lay in the middle of the region. The settlements of 

Deeg have maximum direct connections with 53 settlements and minimum 

connections are of ·the settlements of Bansur with 14 settlements of 

the region. The maximum interaction exte.a:is up to a distance of 

152 kms between the villages of tehSils Deeg and Delhi. 

3. High conneotiv itx and low distance ra.gse 

()l'llY two tehsils, viz., Mandawar a.r¥l Raj garb tall in 

this category. They form two discontinuous areas (Fig.l7a). The 

settlements of RaJ garh interact:t with 47 settlements and settle

ments of Mandawar with 30 settlements in the. region. Hone of the 

villages of these tehails have interactions beyo~ a distance of 

50 kms. 

4. Low connectivitY artt high distance range 

The tehsils of Thanagazi, Alwar, Nub, Ballabgarh, Amber, 

!fadbai1 Rewari and Delhi fall in this group. .These tehsils form 

several sub-regions on account of their a·real discontiguity. 

However, a large part of the area witb th.ese characteristics is 
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located in the western balf of the region. In this group the 

settlements of Del;hi have. maximum direct connections with 141 

v ill&ges of the region and settlements of Ball&bgarb tehsil 

interact;. only with 35 villages (minimum in the group). The 

maximum distance of interaction is 300 kms. 

B. 

Matrix 9 shows the i.ater-tebsil bus oonnectiv ity as 

ratio to maximum possible oonnectiv ity of settlements along the 

roads. Here the average inter-tehsil bus oonnectiv ity values 

range from .00130 for B.allabgarh tD .06777 for Sikrai. The study 
- . . 

of flow maps (Fig.Nos.18, 19, 20, 21) brings out the following 

four types of regions of bus connectivity on the basis of said 

indicator: 

1.- High ~nnectiv ity; and High Dis"t;_a.nce }\apse 

The tehsils which have high connectivity and high 

distance range are Nadbai, Bharatpur, Agra, Bassi, Dausa, 

Kiraoli, Sikrai, Mabwa, and Weir. They make a oont 1nuous zone 

along the southern border of the region (t1g.2la). All the 
-

tehs ils through. which the Jaipur-Agra national bigbway passes, 

except the tens Us of Jaipur aid Toda Bhim, fall in this group • 

. The villages of Bhara tpur are connected with maximum number of 

villages ll.2 in the region and villages of Bassi are connected 

only with 48 villages (minimum in the region). Here the 

interaction of villages extends up to a 118ximum distance ot 
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approximately 238 kms (between S1kra1 and Agra). The main reason 

of long distance 1nte~ctions is the national high\\EI.Ys which links 

the villages witb each other for much longer distances. 

2. Low ConnectivitY and I.Dw Distang,e Range 

Tbe tebsils of Man4awar, Bansur, Aabert Tijara, 

F. Jbirka, ICisbangarb, Th&nagazi, Lachhmangarh, Deeg and Kaman fall 

in this category. These tebSils make tvo sub-regions. The smaller 

sub-region is in the 1test which includes only .&Dber tehsil d5..., 

connected with 67 villages (maximum) of the region and settlements 

of Bansur are connected with 14villages, minimum in the region. 

The maximum interactions extend. approxJmately up to a distance of 

230 kms. 'fbis is the exceptional cas e. Most of the connections 

are below 100 kms. 

3. High Oonnecti.v i ty and Low Dist~tnce Range 

This pattern is shown by Baswa, Raj garh and Nagar tehsils. 

These also make two small sub-regions located 1n mid south of tbe 

region. ~he settlements of Nagar tebsil are connected ~th 52 

villages which is maximum in this group and Be.swa With onl:lf 39 

settlements (minimum in the region). The interconnections of the 

sftttlements of these tebSils are up to very limited distance. Tbe 

maximum distance covered between the: v ille;ges of Basva to J~ipur 

is about 60 kms. 

4. Low Co nne ctiv 1 ty and High Distance Range 

This pattern is shown by the tebSils of KOtputli, :Mathura, 

Buh, · Gurgaon, Be.irath, Palwal, Toda Dhim, Jaipur1 AJ.war, Bebror, 
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Ohba..ta, Delhi, Jamwa Ba.rngarh and Rew&ri. The sub regions formed 

by these tebsils, occupy maximum area of our region. Bxcept 

Alwar (which occupies middle position) and Toda Bhirn (located in 

extremely south) all other tebsils make a contiguous zone Wbicb 

appear like an inverted V, extending over Delhi..Jaipur and Delhi

Agra nat.ional high ways. The villages of Delhi are connected with 

maximum number of villages (141) a!¥1. villages of Kotputli ere 
" 

oonne cted with mimil!lum _number of v illa.ges (21) in tbe region. 

The settlements of the tehsils of this group have interactions 

up to e. mazimum distance of 320 kms. Tbe following salient 

features emerge from the study of inter-tebsil bus connectivity• 

1. The tensile which are traversed by the national highway 

have high distance range. This can be explained by the fact that 

the national highWay tends to link the settlements of far off 

distances. The tehS ils, which have interior location in Delhi

J&ipur-Agra trU.ngle tend to have restricted distance range. 

2. All connections, which reflect the high distance range 

are gravitated towards Agra, Delhi and Jaipur, i.e., indicating 

their tendency to be closely linked with the national highv.eys 

and larger urban centres. 

s. Generally, the tehsils of one n$.tional highV\6Y do 

not have intera.ctions with the tebsils of another national 

highway. 

4. Pattern shown by .t.lwar tebsil is unique. · The· tehsil 

shows a radial pattern and its interactions extend in all the 
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directions. It has its connections with all the three national 

highways (Fig.R'o.l4, 20). 

~. The tehsils which have high connectivity and low 

distance range are rather few in number and they are located 

mostly in the middle of the region. 

a. Most of the tehsils in south along Jaipur-Agra 

national highway do have high connectivity and high distance: .. , 

range on both the basis. The reason is that there is low . . 

proportion of settlements along the roads but all these are 

directly interconnected to each other. 
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CHAPTER IV 86 

In the earlier two chapters road network development 

and bus connectivity have been analysed. The aim of this chapter 

,is to identity the natare of relationship between road network 

development and flow. 

The roQd development index. which reflects the extent 

of the transport activities in an area has an important bearing 

on bus connectivity. But there are some other forcestoo which 

affect the bus connectivity. SUch factors may be the administrative 

importance of the area, markets, m&ndies, religious importance, 

topogr~phy, tourist places, ~tc. The role played by these factors 

varies from tehsil to tehsil. Though the network develoPment and 

bus connectivity a.re supposed to be correlated, for a given level 

of transport development, there Will be differentials in the bus 

connectivity in different regions, depending on the nature of the 

operation of the forces other than network development. An under

standing of the extent and the nature of the forces which affect 

the bus connectivity besides the road development will further 

help in identifying the areas where these forces PlaY a positive 

and negative role. It will further enhance the understanding of 

the existing.bus connectivity. In this chapter an attempt has 

been made to find out the answers for the following questions: 

1. Whether the intra tehsil bus connectivity (connecti

vity as the ratio of all the settlements within the 

tehsil) can be explained by road network development, 

and if. so, what sort of relationship exists between 
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2'. Whether the intra tehsil bus connectivity {connectivity 

as the ratio of the settlements located along the 

roads) depends on road network development, and if so 1 

what is the relationship between the two? 

3. Up to what extent the inter tehsil bus connectivity 

(connectivity as the r$tio of total settlements 

within the tehsil) is dependent upon road development? 

4. Whether the inter tehsil bus connectivity (connectivity 

as the ratio of the settlements located along the 

roads) is dependent on road network development? 

s. Wha.t is the relationship between intra tehsil bus 

connectivity and inter-tehsil bus connectivity 

(connectivity as the ratio of all the settlements 

within the tehsil). 

6. W~t is the rel$tionship between intra tehsil bus 

connectivity and inter tehsil bus connectivity 

(connectivity as the ratio of settlements located 

along the roads). 

To see the relationship of a.bove mentioned variables, 

Pearson's product-movement coefficient of correlation has been 

worked out as follows: 
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... Y stands for bus connectivity and 

•x stands for road network development 

(which has been selected as an independent variable) 

The significance of the coefficiAnt of correlations 

has been tested by student's t test as given below; 

t = r / :~:: with n-2 degree of freedom 

Residuals from the regression have been used to 

identify the areas where beside the ro·ad developments the bus 

connectivity is affected by the other forces. The intensity of 

these forces depends upon the magnitude of the residuals. Thus 

the bus connectivity y ·bas been linearly regressed on x (road 

network development). 
y 

The constants of the regression line y 

= a + bx have been estimated by the least square metb.od. Tbe 

estimated value of y is the average of different observed values 

of six variables selected corresponding to any given level of x. 

Difference of each y from its estimated mean value will be 

positive or negative if actual y is more than estimated y or 

less than estjmated y. Therefore, by putting the va.lue of road 

network development of each tehsil in the regression equation, 

the estimated value of bus connectivity has been computed and is 
f\ 

denoted by y. The residuals have been calculated by the difference 

between actual bus connectivity (y) and the estimated bus connecti
fl 

vity (y). In order to have relative picture from the residuals 

they have been divided by the ~ctual value. And thus the resi-
1\ 

duals given here are y-y X 100. - The residuals ba"e been 
y 

• applicable only for .t.lrst f.0ur sets. 
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divided into categories of positive and negative residuals. 

These are further subd.iwided into five or six categories and are 

plotted in. fig. 22, 23, 24, 25, 26 and 27. 

Resul.ts& 

~. Residuals from the re~ession of intra-tehSil bus 
conne ctiv i ty (co nne ct~v i ty as the ra tlo of the 
total-settlements within the tehsil) on road 
network development& 

The coefficient ~f correlation between road network 

development and intra tebsil bus connectivity is .32 1 which is 

significant at 5I level of significance for 35 degree of freedom. 

Though the coefficient is not very high but shove a tendency 

towards positive relationship and hence supports the statement 

mentioned above. The results of the regression analysis are: 

.001572 + • 00157*X 
Yz 

rt= .10 
(.0007716)@ 

•Significant at $ level of significance 

@ Standard Error 
ht'$h. 2 

As bas already been noted that r is not veryj,R 

is only .10, but a significant b value certainly indicates that 

y is sensitive to x. 

The results of the regression show wide regional 

variations as seen in fig.22. 

Delhi, Agra, Mahwa and Kotputli tehsils have very 

high positive residuals, which do not make a contiguous region. 

They are located on the N.H. falling on the periphery of the 

region. The high positive residuals show that the areas ha.v e 

bus connectivity higher than the estimated bus connectivity 
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based on the road network development. The possible reason is 

that Delhi is the national capital and a business centre, 

therefore, the people in large number enter and leave every day. 
1 

Agra city is the main trading centre in the tehsil and large 

number.of people from within the tehsil also come and leave every 

day. This is important centre of the sales and purchase of 

agricultural commodities and industrial goods. Tehsil Mahwa also 

has important Mandi at Mandawar2. where people gather very frequently4 

Behror, Rewari, Kiraoli, Bharatpur and Alwar tehsils 

show very high negative residuals, which make a dis continuous belt 

extending from northwest to southeast across the region. In 

this belt of high negative residuals, some of the tehsils which 
t 

renect the unier---Ujilization of road infra structures are 

important from the point of view of trade, religious places and 

some tourist centres, e.g., Bharatpur and Alwar. These two are 

historical places where not only weekly markets and mandies 

function in large numbers but as well attra.ct large number of 

local people on the occasions of certain festivals and fairs.• 

The map surprisingly does not show a very high bus connectivity 

keeping in view road network development. This may be primarily 

on account of other traffic vehicles used for transport, e.g., 

tongas, lorries.~ cycles, bullock carts, ete. 

1. Joshi E. B. (1965) a Uttar Pradesh District Gazetteers: 
Agra, p.l67, 177. 

2. Census of India (196lh District Census Handbook, S.:Madhopur, 
p. viii. 

• (i) Census of India (1961) District Census Hand Book, Bharatpur, 
. p.viii. 

(ii)Census of India (1961) District Census Handbook, Al\\'B.r,p.vii. 
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In all the tehsils mentioned above which have high 

residuals,· the intra tehsil bus connectivity is either greater. 

or lesser than is indicated by the road network. This also means 

th~t in these tehsils, intra tehsil bus connectivity is not 

explained by road network development, but there are some other 

factors which have not been considered in the study. Some of 

them have been mentioned earlier. 

O,n the other hand, Ballabgarh, Gurgaon and Nub tehsils 

in the north, Amber and Bairath in the west, Chhata in east, 

Dausa in south and Nagar in the centre of the region, have very 

low negative residuals. This shows that in these parts of the 

region the road network is a better expla.nator of the bus 

connectivity. The effect of factors other than road network is 

much less. 

Along the western fringe of the Ara.valli hills and in 

the tehs ils of Jaipur, Weir, Sikrai and Pal wal, the positive 

residuals are of least magnitude. This show that the road network 

development index is an important explanatory variable. The 

effect of other variables is not much but it is in positive 

direction. Taking the region as a whole, road network develop

ment index explains about 10~ variation in the intra tehsil bus 

connectivity. The balance of variation in.the intra tehsil bus 

connectivity is explained by some other factors. Some of them 

have been mentioned earlier. 

The fact which needs to be mentioned here is that the 

development of road network does not imply that buses alone 
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Will utilize it but the~e are other means of transport as well, 

i.e., private passenger and freight transport which might be 

using the roads. Thus if all means of road transport are combined 

1Dgether, the road network development atight be a dominating 

explanatory variable. · 

network evelo_pment: 

The coefficient of correlation between two variables 

is -.4l, which is significant at J$ level of significance for 

35 degrees of freedom. The results of the regression are mentioned 

below& 

y ::: .326465 

R = .17 

.l2076*.>C 
(.644756)@ 

*Significant at ~ level of Significance 

R2 is only .17 but a s·ignifica.nt b value certainly 

shows that y is· sensitive to x. 

The residuals have been depicted in figure No.23. 

There are only 8 tens ils in the region where the magnitude of the 

residuals iS less than 2~. 21 tehsils of the region have more 

than 50% deviations from the regression line. 

Fig. 23 shows that most of the tehs ils which have very 

high positive residuals lie in the southern and western part of 

the region. These high positive residuals show that this is 

the part of the region where intra tehsil bus connectivity is much 

more than the expected average bus ·connectivity from the road 
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network development. The possible reason for high positive 

residuals is that Jaipur is the capital of Raj as than, Amber 

has.many temples of historical importance and. Mahwa has important 

mandi. These factors lead to high mobility and resulting into 

high bus connectivity. 

.' 

The northern part of the region and Mathura tehsil in 

the south-east have very high negative residuals, i.e., where 

the bus connectivity is much less than the one predicted from 

· the road network development. 

. e,)''l1 

Jamwa. Ramgarh, Bassi and Rajgarh in the south-west-/part 

of the region, Ballabgarh in the north-eas·t, Nagar, Ohhata a.nd 

Kaman in mid-east show very low negative residuals. 

Except Agra, other tehsils of low positive residuals 

are located in south-west of the region. These are the tehsils 

where network and bus connectivity has more effective relationship. 

The road network development index can explain only 

171 variation in the intra tehsil bus connectivity. The unexplain-

ed variation may be due to some other factors as mentioned earlier. 

-
Another problem is that of negative correlation where 

the road network development is high, there the intra tehsil bus 

connectivity is law and vice-versa. This may be understood by 

the following phenomena. 

In the northern part of the region, particularly 

Haryana, has very high development of' roads. So many roads 
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nave been constructed in the last few years. But the buses are 

not plying on all the roads because the people do not have a 

demand for that, \"bich is the nature of an under-developed economy. 

3. Residuals from the regression of inter tehsil buS 
connectiv ltl (connectivity o.s th"e ratio o? total"" 
settlements on road network !evelopments 

The coefficient of correlation between road network 

development and inter tehsil bus connectivity is .50 which is 

significant at 11 level of significance for 35 degress of freedom. 

The relationship is positive which supports the third statement 

as mentioned in the beginning. The results of the regression are: 

y ~ .000138 + .000153~ ' 
(.0000434)@ 

If': .25 
*Significant at 1% level of significance. 

Though the R2 is only • 25 but the significant b 

value definitely shows that y is sensitive to x. 

If a particular tehsil has efficient road network 

that also means that it should be linked through buses from 

different tehsils, because generally the buses cannot terminate 

just at the border of a tehsil. In other words, inter tehsil 

bus connectivity should be dependent on how the existing network 

links one tehsil with the others. 

Agra in the east, Mahwa and Sik!-ai in tb.e south, Ko tputli 

and Bairath in the westt are the pockets which have much higher 

inter tehsil but connectivi:t~ as compared tD expected connectivity 
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from road network developnent (fig.24). The areas of high 

negative residuals are contiguous in the northern part of the 

region. In the remaining region the pockets of high negative 

res:itduals make scattered ~ppearance. 

Almost all the tehsils (except (Alwar and Deeg) where 

the inter tehsil bus connectivity is higher than the expected 

connectivity from the road network, do lie at the ov~er margins 

of the region and corssed by nation highways. The possible 

reasons for high positive residuals at national highway is that 

it links a particular tehsil at greater distances also. So the 

inter tehsil movement of such tehsils is much more high as 

compared to those which are located at minor routes. This means 

that national highway is very important in promoting the connec

tions of one tahsil with the others. 

The road network development can explain 25% variation 

in the inter tehsil but connectivity. 

The coefficient of correlation between two is -.35, 

which shows negative relationship between t~e?t'' This is significant 

at 2% level of significance for 35 degrees of freedom. The 

regression results are given below& 
*

y = .026607 - .008635x· 
(.db382)@ 

• Significant at 2% level of significance. 
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The R2 is only .12 but the significant b value 

certainly indicates that y is sensitive to x. 

100 

There is significantly negative relationship between 

the two, where the road network is very efficient, there the 

buses are not plying on all the roads. All those tebsils where 

there is high under-estimation of inter te~sil bus connectivity 

or in other words where the bus connectivity is much higher than 

expected connectivity from the road network development, are 

located in southern part of the region. This indicates that in 

southern part of the region factors other than road network are 

niore effective in positive direction. 

' If we see f1g.No.25, we observe tha~ whole of the 

northern $nd north-eastern region and a big chunk of area in 

southwest represents negative residuals, i.e. where the road 

. netwol:k is under utilized. S0111e of the possible reasons have 

been given already. 

5. 

The coefficient of correlation between two variables is 

.49, which shows positive relationship and significant at 1% 

level of significance for 35 degrees of freedom. The regression 

results are as follows& 

Y •• ooo701 + t~offi@ 

R
2= .24 

•significan~ at l% level of significance. 
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2 Though R is only .24 but the significant. b value 

·certainly indic~tes that y is sensitive to x. 

A particular tehsil is better linked with other tehsils 

because some important centres are located there in the tehsil 

within the tebSil also, if there is some awareness among the 

people of the importance of those centres, it should be well 

connected to these centres. Fig.26 shows that· in the extreme 

noth of the region we observe high intra tehsil bus connectivity 

than the expected intra tehsil bus connectivity from inter tehsil 

bus connectivity. There is a contiguous belt of medium positive 

residuals in the southWestern part of the region. Behror, Alwar, 

Kotputli, Deeg, Baswa are the tehsils Where the intra tehsil bus 

connectivity is much over estimated. This shows th.St the inter 

tehsil but connectivity is not the important effective explanatory 

variable but some other variables have very high negative e:ff'ect. 

Here the inter tehsil bus connectivity explain only 

2$ variation in intra tehsil bus connectivity. 

6. Residuals from the regression of' intra tehSil bus 
connectivity on· inter tehS ii bus connectlv ltz 
(connectivity as the ratio of s~ttlements on the roads)a 

The coefficient of correlation between two is .58 

which is significant at a level of significance for 35 degrees 

of freedom. , Tbe regression results are as follows: 

y = .079204 + 6.91 .· 
(i.if72)@ 

If- .34 

•Significant at 11 level of significance. 
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The significant b value shows that y is sensitive to x. 

Fig.27 shows that northern part o·f tb.e region bas very 

low intra tehsil bus connectivity than expected from inter tehSil 

bus connectivity. Southern and southwestern part of the region 

has high intra tehsil bus oonnecrt.!vity than expected from inter 

tebsil bus connectivity. 

In this set the inter tehsil bus connectivity can explain 3- variation in intra ~ehsil bus connectivity. 

The following conclusions aan be drawn' 

1. Intra tehsil bus connectivity (connectivity as ratio 

of total settlements) is dependent on road network 

development. There is a positive relationship between 
only 

the two. The road network development can explainllll -
variation in the intra tebsil bus connectivity 

(connectivity as ratio of total settlements). 

2. Intra tehsil bus connectivity (cannectivity as ratio of 

settlements on the roads) can be explained only 171 by 

road network development. The relationship between two 

is negative and significant. 

3. Inter tehsil connectivity (connectivity as ratio of total 

settlements) and road network development is also 
' 

positively correlated. Only 251 of it can be expl$ined 

by road network develoPment. 

4. ~here is negative correlation between inter tehsil bUS 

·connectivity (connectivity as the ratio of settlemats 

on the roads) and road network development. Here 
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road network development can explain only 12% variation 

in the inter tehsil bus connectivity (connectivity 

as the ratio of settlements on the roads). 

5. Inter tehsil connectivity can explain 2$ variation in 

the intra tebsil bus connectivity (connectivity as 

ratio of total settlements). 

6. Inter tehSil bus connectivity can explain about 331 

variation in intra tehsil bus connectivity (connectivity 

as the ratio of total villages on the roads). 
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' CHAPTER V 

SUMMARY .AND . CONCLUSION 

A critical analysis of the transport development in 

the Delhi~aipur-Agra triangle, which covers 37 tehsils from the 

StB:tes of Delhi, Haryana, Rajasthan a.nd Uttar Pradesh highlights 

quite a few salient points 'Wilrtb enumeration. The analysis which 

is based on bus connections and transp_ort linkages, shows that the 

region has a fairly high level of road network development. This 

is evident from the fact ~hat n~arly 63% of settlements in the 

entire region are within a distance of two miles from the metalled 

r~ads; 32:J from 2 to 4 miles and 5% beyond 4 miles from the roads. 

The existing standards of the road network seem to be higher than 

the ones proposed by ~hief engineers in 1958 in the Road Development 

Plan, for India (l.96l•l981). Within the region~ the tehsils of 

north like Delhi and Gurgaon,. 'Which have the highest level of road 

network development, do not have a single village more than 4 ~miles 

away from the road. 90$ of the settlements of these tehsils are 

Within a distance of two Biles from the roads. 

It b.as, however, been obsel.'Ved that all the indicators 

of road network development are not uniformally effective through

out the re·gion. Cyclamatic number and alpha ind.ices are most 

effective in the northern part of the region. National highway 

accessibility index (H) is most effective in south and southwest 

along the national highway. (Alpha, Beta and cyclamatic numbers 

play the dominating role in the composition of road network develop

ment index as reflected from the coefficients of correlation values). 
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National highways play a major role in determining the 

degree and range of connections of settlements and national highways, 

have their connections for a longer range of distance. Almost all 

tehsils in.the south along Jaipur-Agra national highway show high 

distance range and high connectivity. •11 the high distance range 

connections are gravitated towards Agra, Delhi and Jaipur, thus 
I 

indicating their tendency to be closely linked with the national 

highwaysand larger urban centres. However, the tehsils along one 

national highway do not have interactions with the tehsils of 
), 

another nationa~ highway. ~war 'is an exception which has its 

direct connections with all the three national highways. It has 

been observed that the.tehsils which are in the middle of the region 

and are not traversed by any of the national highways, have low 

distance range, thougl:l have high connectivity. 

Intra tehsil bus connectivity'is very high in the 

northern part of the region if it is calculated ~s ratio to maximum 

possible connectivity of the settlements. It beoomes very low if . 
its ratio is taken to the maximum possible connectivity of settle

ments along the roads. The analysiS shows that the road network 

development and intra/inter tehsil bus connectivity (connectivity 

as the ratio to maximum possible connectivity of settlements along 

the roads) are negatively correlated to each other. Where the 

levels of road network development are low there the intra/inter 

tehsil bus connectivity is high and vice versa. Road network 

development and intra/~nt~r tehsil bus connectivity (connectivity 

as the ratio to maximum possible connectivity of settlements) 
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have positive relationship. Where the road network development is 

high, there the bus connectivity is also high. 

The level of transport development in the region has 

shown a positive relationship with the level of its economic develop

ment, the later having been obtained from M.N. Pal's criteria of 

measuring the level of economic development in this region (Chapter I)'. 

It has been observed that the norther.n_part of the region, which 

according to M.N. Pal, has high level of economic development, has 

a high level of transport development according to our investigations. 

Not only the pattern of road network is quite complex but is also 

circumvented in such a fashion as to cover quite a few villages. 

This is specially so in the tehsils of Haryana (Map No.3G). The 

middle region covering the districts of AJ.war, Bharatpur and Sawai 

Madhopur, which has low level of economic development, also bas a 

low level of transport development. Hilly topography, hawever, 

seems to be the main factor in the low transport network development. 

Similarly, the south-western part of the region which has low level 

of economic development~ faces low level of transport development. 

Through the analytical sketch of data, though we are 

in a position to deduce a relationship between the levels of economic 

development and those of transport development, we are not in a 

position to judge whether one is the cause or the effect of the . . 

other. A time series analysis of the two types of indicators of 

development might lead us to a vicious circle where the level of 

economic development is high because the level of transport 

development is high or vice versa, or else it might lead us to 

some concrete conclusion, an aspect Which could be taken up for 

further investigation. 
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' Though the region on the whole has a fairly high level 

of trans~ort development, there are vast intra regional variations, 

which are more distinct as one moves from north to south or from 

the national highways to the interior of the region. Thus there is 

a lot of scope for further improvement. 
lvl.o:..b~~ 

The map of transport lines · 

still shows vast. areas where the road.s· -have not been laid still and 

which need to be immediately laid to connect the remote settlements 

with the national highways or with the urban centres. Once the 
' -

road~network is laid, the bus connections will follow, thus improve 

interactions. 'iJ:he following missing links coul.d be taken up in 

the first phase of programme. 

The Chhata tehsil which falls in an agriculturally 

developed district has 6B$'of the villages more than 2 ~iles ~way 

from the roads. 
c 

A road stretch of 25 miles ~ould be laid down 

starting from Ohhata towards Achhnera, cro~ sing Gov erdhan-Mathura 

route $nd Bharatpur-Mathura route. By this additional road large 

number of villages of Ohhata and Mathura tehsil will come within 

· 2 mile.s from the roads. These additional villages will be linked 

to .Mathura, Agra and Bharatpur, thus linking to national highway. 

This agriculturally developed area will further develop due to 

·improved transportation. In southwestern part of the region_,11u.¢.., 

~ a.u..-topo~'c -~~~-~--Q~c~·~~~- ~~~M-:A.c\ul,~i;l( 
• I 

"~~~- ~~·-~4~tfl'V'~.c-.~r~·There should be direct links 

from Gov indgarh to Deeg and Nagar to Bharatpur, which may link 

these villages with Jaipur-Agra national h~ghway and ~ make 

many villages accessible to the roads. 

J 
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Table No. l.O 

Appendix I 
(a) Residuals from the regression (b) Residuals from the regression 

of intra-tehsil bus connecti- of intra tehsil bus connect!-
vity (connectivity as the vity (connectivity as the 
ratio of the total settlements ratio of total settlements 
within the tehsil) on road on the roads) and road network 
network development development 

1. Behror -560.00 l. F. Jhirka -700.00 
2. Rewari .354.54 2. · Rewari -520.00 
3. Kiraoli -350.00 3. Palwal -402.77 
4. Bharatpur· -312.50 4. Nub -350.00 
5. Alwar -244.44 5. Tfjara -303.27 
6. Kaman· -175.00 6. Mathura -259.66 
7. Deeg -155.55 7. Delhi -186.20 
s. Lachhmangarh -155.55 s. Toda Bhim -175.78 
9. Baswa -130.00 9. Deeg -158.49 
10. Kishangarh -127.27 10. Lachhmangarh -151.85 
11. Mathur a -123.07 u. Gurga.on -131.57 
12. Bassi -118.18 12. Kishangarh -122.41 
13. Nadbai -106.66 13. Kirao1i -120.51 
14. T.ijara -100.00 14. Bharatpur -108.69 
15. Toda Bh.im - 84.61 15. Alwar -108.08 
16. F.Jhirka - 80.28 16. Ballabgarh - 68.42 
17. ;;-. Bamgarh - 76.92 17. Kaman - 00.03 
lB. Dausa - 43.75 lB. Chhata - 44.75 
19. Chhata - 38.88 19. Bassi - 38.03 
20. Nagar - 21.05 20. Nagar - 25.40 
21. Amber - 16.00 21. Rajgarh - 17.24 
22. Nuh - 14.28 22. J. Ramgarh - 11.57 
23. Bairath - 13.63 23. Amber +288.50 
24. Gurgaon - s.3o 24. Jaipur + 70.45 
25. Ballabgarh 8.00 25. Sikrai + 68.24 
26. Mahwa + 72.16 26. Weir + 55.52 
27. Kotput11 + 71.13 27. Mahwa ... 51.13 
28. Delhi + 60.50 28. Kotputli + 44.89 
29. A.gra .... 52.63 29. Behror + 41.12 
30. Rajgarh + 50.94 30. Thanagazi + 37.12 
31. Thanagazi + 46.80 31. Nadbai + 25.63 
32. Palwal + 39.28 32. Baswa + 19.21 
33. Weir + 33.96 33. Agra + 13.01 
34. Sikrai + 27.03 34. Manda war + 10.45 
35. Jaipur + 26.00 35. Dausa + s.so 
36. Ban sur + 21.87 36. Ban sur + 7.29 
37. Manda war "~+ 8.57 37. Bairath + 1.56 



111 

(c) Residuals from the regression (d) Residuals from the regression 
of inter tehs U bu's connect!- of inter tehsil bus oonnecti-
vity (connectivity as the vity (connectivity as the 
ratio of total settlements) ratio of settlements on the 
on road network development roads) on road network 

development 

1. Ballabgara -690.90 J:. Kotputli ' -783.10 
2. Tijara -242.85 2. Tijara -435.56 
3. Ban sur -187.50 a. Ballabgarh -323.07 
4. Amber -140.00 4. - Palwal -318.15 
s. Kaman -122.22 5. Mathura -236.51 
6. Lachbmanga.rh -110.00 6. Bansur -224.24 
7. Nuh -109.~ 7. F. Jhirka -181.81 
s. Rewari -104.34 8. Kaman -150.78 
9. Baswa - 90.90 9. Kishangarh -116.80 
10. Kishangarh - 61.53 10. Gurgaon - 92.19 ' 

11. Nagar - 56.25 11. Rewari - 72.72 
12. Mandawar - 52.63 12. Amber - 59.08 
13. :Mathura - 34.28 13. Mandawar - 50.00 
14. nraoli - 26.92 14. Tbanagazi - 48.61 
15. Rajgarh - 20.00 15. Chhata - 39.35 
16. Thana.gazi - 9.52 16. Rajgarh - 33.16 
17. F. Jhirka - 7.31 17. J. Ramgarh - 22.88 
lB. Delhi 7.14 18. Nagar - 21.30 
19. Kotputli ... 70.90 19. Baswa - 20.43 
20. Mabwa + 52.83 20. Delhi - 20.19 
21. Bairath + 47.72 21. Nuh 7.2 
22. Age a + 40.35 22. Deeg 5.5 
23. Sikrai + 39.2'1 23. Lachhmangarh +133. 74 
24.- Toda Bhitn + 29.83 24. Sikrai + 70.23 
25. Behror + 25.00 25. Bharatpur + 65.80 
26. Bharatpur + 24.39 26. Mahwa + 45.60 
27. Gurgaon + 23.07 27• Nadbai + 43.27 
28. Bassi + 17.85 28. Weir + 40.46 
29. Deeg + 16.00 29. Dausa + 40.10 
30. Chhata + 14.81 30. Jaipur + 35.91 
31. IBusa + 13.79 31. Kiraoli + 31.70 
32. Jaipur + 10.52 32. Agra + 31. EO 
33. Nadbai + 9.37 33. A1war + 29.47 
34. Palwal + 8.57 34. Bairath + 29.38 
35. Alwar + 6.45 35. Toda Bhim + 10.88 
36. J. Ramgarh + 4.54 36. Bassi + 9.2 
37. Weir + 3.30 37. Behror + 5.9 
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(e) Residuals from the regression (f) Residuals from the regression 
- of intra tehsil bus connecti- ~ of intra tehsil bus oonnecti-

vity on inter tehsil bus v ity t\rid inter tehsil bus 
connectivity (connectivity as connectivity (connectivity as 
the ratio of total settlements) the ratio of settlements on 

the roads) 

l. Behror -700.00 l. R.ewari -1000.0( 
2. Bharatpur -412.£0 2. F. Jhirka - 920.0C 
a. .Alwar -266.67 a. Gurgaon - 436.8~ 
4. Kiraoli, -262.50 4. Nub .. a8o.oc 
5. Baswa -240.00 5. Bharatpur - a65.2: 
6. Deeg -211.11 6. Ballabgarh - 363.1~ 
7. Mathura -176.92 7. Delhi - 272.4 
8. Bassi -172.7a 8. Kiraoli - 205.1~ 
9. Tod@ Bhim -153.85 9. Palwa1 - 194.44 

10. Rewari -1a6.36 10. Mathura - 187.0~ 
11. Nadbai -126.67 11. _Toda Bhim - 164.2: 
12. Bairath -100.00 ·12. J.lwar - 159.5! 
1a. Dausa - 9a. 72 1a. Deeg - 113.2( 
14. J. Ramgarh - 92.31 14. Tijara 73. 7' 
15. Kaman - 75.00 15. Bassi 50.31 
16. Lao!Uwangarh - 66.67 16. Laohhmangarh 36.1: 
17. Chhata - 66.67 17. Kishangarh - 27. 5E 
18. Kishangarh - 63.64 18. Agra 21.8~ 
19. F. Jhirka - 57.19 19. Dausa 15. 9E 
20. Sikrai - 32.43 20. Bairath s. 5~ 
21. Gurgaon - 29.17 21. Nagar 3.1' 
22. Nagar 5.25 22. Chhata - 2.1~ 
23. Ballabgarh + 86.00 23. Kotputli ... 7B.3E 
24. Delhi + 64.71 24. Nadbai + 71.1: 
25. Ban sur + 56.25 25. Jaipur + 56.3! 
26. Rajgarh + 54.72 26. Tbanagazi + 55. 6~ 
27. Mahwa .. 47.42 27. Ban sur + 54.3' 
28. Thanagazi + 46.81 28. Amber + 47.9: 
29. Kotputli + 45.36 29. Baswa + 37.24 

30. Palwal ~ 35.71 30. Weir ... 32.9: 
31. Mandawar 't· 34.29 31. Mahwa + 30.7~ 
32. Weir + 33.96 32. Manda war + 27.2~ 
33. Jaipur + 28.00 33. Sikrai + 26.8~ 
34. Agra + 27.63 34. K~an + 25. J.: 
35. Amber + 24.00 35. Behror + 17.2; 
36. Nuh + 10.71 36. J. Ramgarh + 14.41 
37. Tijara + 1.53 37. Raj garh + 9. 61 
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