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A model for Telecommunications service production

A case study: the GSM service in Nigeria

Synopsis. Existing telephone market is analysed under the working hypothesis that fixed and mobile telephone commodities are substitute to each other. It is, then, assumed that they have a common market and that the access to one or another commodity is oriented by the utility of consumers. Relationships between the two variables have been explored using mathematical approaches that let provide realistic forecasts.

Basic structure of mobile plant was derived from available regional (Africa and Middle East Region) statistics. In this way total capital cost and traffic demand could have been estimated and forecasted. The objective was to provide an estimate of input parameters (operating and economic) to use when drawing the Budget plan.

Provisional Budgets have been prepared for a period of five years (2002-2007) as an application of theoretical model; final provisional outputs expected at the end of each year should be compared with the results provided by the real market behaviour: in this way input data to use in the successive Budget can be adjusted in practical terms.
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1. Market survey

Mobile telephone service and fixed telephone service are substitute commodities as both can satisfy the same need: potential market is the same. The consumer applies for one service or for the others according to their availability in the market and with the objective of satisfying his need of communicating. Under normal supplying conditions, when both commodities are available, such a decision depends from price to pay, individual income and own utility but, when one commodity turns scarce or has poor quality, the consumer may decide to replace it with other available commodity as to recover his original level of satisfaction.

1.1 – Fixed telephone service (reference 1985/2007) (Annex 1 and 2)
From old available statistics (1985-1998), it seems that, in Nigeria, the satisfaction of expressed demand for fixed telephone was poor: the capacity of fixed plant was inadequate and a long list of waiting applicants was standing.

The comparison between the growth of actual fixed telephone demand and its representative model shows that, after 1995, operated demand suffered a stagnation and assumed a permanent deviation from previous trend equivalent to three years delay.

Graphical representation (Annex 2) gives evidence of such a deviation; whether no strategy will be developed to reduce the delay, the two functions will definitely diverge.

1.2 – The list of applicants (1985-2007) (Annex 1)
During the period 1985-1992, the waiting list for fixed telephone service accounts, as an average, for 46% of total demand (operated + waiting): telephone operated demand corresponds to 53 % of installed plant. Theoretically, a better use (85%) of installed plant might have let reduce the waiting list down (about 35%) but, since no decision in this sense was taken, the list of applicants kept large all over.

1.3 – The cellular service (Annex 1)

Cellular service started operation in 1993. The average rate of expansion of service, during the period 1993-1998, was about 14% per year, almost the double of growth rate for fixed telephone (7,65% per year during the same period). Nevertheless, the availability of this additional commodity did not help significantly matching the expressed market demand so that a consistent waiting list is still standing.

Whether this is the case,  at the year 2002 we may assume that Providers (either of fixed and mobile commodity) are under the pressure of waiting applicants who might be even ready to pay greater access price rather than missing the service. Within this market situation, Cellular service in Nigeria has a significant potential market share since it can be requested either as a standing facility and as a substitute of fixed telephone. 

According to poor information available, cellular market is mainly shared among three Providers: NITEL (dominant), MTN and ECONET. NITEL has the largest network (13 cities) and can offer low tariffs, while other competitors can provide limited coverage and greater (+42%) tariffs. There is notice that, at the year 2002, still, no agreement for interconnection was reached among Providers.

2. Demand function

As “demand function” we intend, in the plane pN, the straight line, negatively sloped:

p = A – bxN

where “p”  is the annual revenue per line, “A” is the maximum value of unit revenue (by which N=0) and “N” is the number of lines operated. Same formula is used for fixed and cellular telephone service.

The function lets analyse the characteristics of market (elasticity, surplus) and to estimate the correct (optimum) charge for the market satisfaction.

2.1 – Fixed telephone market demand (Annexes 3 and 4)
According to available data, parameters (“A”; “b”) of function are calculated as follows:

b = dp/dN = (average revenue/line – marginal revenue/line)/(Ninstalled – Noperated) 

A = average revenue/line + b*Noperated
Nmaximum = intercept on N axis: Nmax = A/b

elasticity = e = (dN/N)/(dp/p) = p/(b*Noperated)

market surplus = s = (A-p)/(A+p)

Once the formula is defined (Annex 3), a number of interesting checks can be performed to explore market behaviour. Whether demand function is used to estimate the increase in revenue when price is reduced, the exercise will show that the profitability of this strategy is not very significant even if market demand is very sensitive to price: its elasticity, in fact (Annex 4), is greater than one along the study period.

The great value of elasticity is inconsistent with the fact that connected subscribers economically belong to high-income group (telephone individual expenditure is 3 times greater than the average GDP/capita); we, then, may perceive that shortage of plant and price of service forced operated market into a critical condition.

Such a market constraint seem confirmed by consumers’ surplus which measures the amount consumers are willing to spend, in addition to their current charges, rather than give up the service. The indicator, calculated for actual demand (Annex 4), shows values ranging, over the study period, from 25,77% to 27,39% lower than high-income groups use to have.

2.2 – Telephone excess demand (Annex 4)
Excess demand exists when demand and supply are inconsistent. Nigeria is experiencing the case by which operated lines are much lower than plant capacity provided. Under these conditions, assuming a plant spare of 15%, the number of operated lines might be raised up to 85% of installed lines. The difference to actual operated lines is interpreted as “negative” excess demand because, according to relevant demand function, its addition to actual operated demand would lower current price.

The hypothesis of using the plant up to a maximum of 85% drives us to the “expected excess demand”, shown in the Table, which is the demand that cannot be satisfied under the existing capacity of fixed plant provided.

In the following, “expected excess demand” will be used for further considerations. 

2.3 – Cellular telephone demand function (Annex 5)

Potential demand for cellular service is the “excess demand” listed as “expected” in Annex 4. Assuming linear demand curves, the price decided by each seller (NITEL, MTN, ECONET) in the market is a function of the quantities sold by each competitor. 

If the three Providers had the same size (identical demand and cost function) then the “representative” Producer had the following demand functions:

p = A – (a + 2*b)*N

where “a” is the slope of own demand and “2b” is the sum of slopes (equal) of competitors’ demand. Under this case the market share would be 33% per Provider.

In real terms, we know that potential consumers face the market conditions (tariff and supply) already mentioned in para 1.3 and their choice is under the constrain of  their income. If we assume that access to services is a function of price to pay, than we accept that potential consumers might move from one Provider to another and that their objective is to keep unchanged their utility within their budget limitation.

From the definition of elasticity:  e = dN*p/(Ndp) we obtain

dN/N = e*dp/p

As we know elasticity “e” = 1,33 from Annex 4 and price difference among Providers “dp/p” = 0,42 from paragraph 1.3, we get:

dN/N = 1,33*42% = 55,86%

That is, almost 56% of potential consumers are expected to migrate from either MTN and ECONET to NITEL where they found better supply and tariff conditions. In this case the parameters of demand functions modify and the assessment of market share is the one indicated in Annex 5. NITEL is worth of about 76% of market while the remaining 24% is shared between MTN and ECONET.

3. Basic structure of mobile network

Basic structure of cellular plant is derived from the GSM architecture, by which subscribers are connected  to a Base Transceiver Station (BTS): their turn, BTS are connected to Base Stations Controller (BSC) and to Mobile Switching Centres (MSC). Under lack of information, plant structure in Nigeria was derived from reference regional (Africa and Middle East Region) network; in this way structure, traffic capacity and relevant cost were estimated and forecasted.

3.1 – Estimate of mobile plant in Nigeria (Annex 6)
Table 1 in Annex 6 shows the average structure of regional network from 1994 to 2001. Number of subscribers per BTS decreases during the first 4 years of the period and, then, increases; the ratio BTS/BSC keeps almost constant while the ratio BSC/MSC (including transit MSC) slowly increases (3,6%) over the period.

If, as a working hypothesis,  the average regional plant structure above is taken as reference, the plant structure of GSM in Nigeria can be estimated (Table 2) up to 2001 and projected to 2007 by using actual and forecasted demand (expected subscribers).

3.2 – Traffic capacity of mobile plant in Nigeria (Annex 7)
Again, traffic originated by subscribers and traffic capacity provided at nodes of network are derived from existing regional (Africa Region) statistics.

Table 1, in Annex 7, shows the average regional peak traffic per subscriber and the capacity provided at BTS and MSC nodes. Reference traffic originated per subscribers has an increase from 1994 to 1999, thereafter it reduces down to 0,0313 E/line which was taken as a reference for projection up to 2007. We note that traffic capacity provided either at BTS and MSC nodes is almost the double of peak traffic per subscriber.

Table 2, in Annex 7, reproduces the traffic estimate for mobile service in Nigeria. The table was drawn up by using actual and forecasted demand and assuming that unit consumption keeps constant after 2001. To calculate unit consumption in minutes, peak erlangs were multiplied by 60 (minutes/hour), by 8 (hours/day) and by 300 (days/year).

3.3 – Cost of cellular network in Nigeria (Annex 8)
Cost of cellular network in Nigeria was derived, as previous indicators, from existing regional (Africa) statistics. Reference estimate is given in Table 1, where component costs have been related to operated subscribers as well as total cost. Total cost per subscriber is decreasing over time: we assume, under lack of relevant information, that unit figure recorded in 2001 (471 US$/line) keeps constant up to 2007.

Under this hypothesis the Table 2 was obtained. 

4. Expected expansion of telephone services

The expansion plan proposed in this context has the purpose of comparing, over time, expressed demand, plant capacity and operated lines; the objective is to provide a picture of past and future trend as to help taking appropriate decisions for a sound and profitable growth of service. Theoretically, for optimum use of financial resources, annual cost relevant to expansion of plant should equal potential annual revenue that waiting applicants could provide. That is, at a given market date, the plant capacity, excluding spare (usually 15%) must cover the expected demand for, at least, one year ahead. Expansion plan is preparatory to period 2003-2007 and deals with either fixed and mobile telephone expansion.

4.1 - Expansion of fixed telephone service (Annex 9)

The plan for expansion of service over 5 years period (2003-2007) is derived from its historical growth up to the year 2002.

Total expressed demand is the sum of fixed telephone lines operated (model in Annex 1) and of waiting applicants (calculated as if the fixed telephone service were the only service available to market). Plant capacity was growing, up to 1998, at a rate of 6,76% per year: For lack of information the same trend was kept to forecast the plant expansion up to 2007. The connection of new lines, during 2003-2007, was accelerated as to force operated demand to recover part of its accumulated delay. 

The strategy requires the installation, during the 5 years plan, of 322,540 (1198485 – 875945) new lines (64,508 lines per year): this, in turn, would correspond to a financial engagement of 645,080,000 US$ (2000 US$/line) or: 129,016,000 $ per year.

Before turning into the provision of a budget plan, it is, therefore, necessary to verify whether relevant financing is available. Otherwise the plan should be revised.

4.2 - Expansion of mobile telephone service (Annex 10)
The plan for expansion of service over 5 years period (2003-2007) is based, as well as for fixed telephone service, upon its historical growth (from 1993 to 1998).

Potential demand for cellular service is derived from expected excess demand (see Annex 5) while operated demand was estimated upon its actual growth shown over time from 1993 to 1998. The result is a waiting list which increases over time making, then, vain the introduction of a new commodity to remove the existing shortage.

For lack of information the plant capacity was estimated as a curve approaching potential demand function over time. The expansion of operated demand was accelerated, after 2002, as to force the demand to recover its existing delay (8 years!). By the year 2007 operated demand is close to 85% of plant capacity. 

The above strategy involves, within the period 2003-2007, the installation of 252788 (521254-268466) new lines which corresponds to an investment of 505,576,000 US$ and, consequently, to a financial engagement of 101,115,200 US$ per year. Before providing the budget plan it is, then, necessary to check whether the financing is available.

5. Provisional Budget: mobile service 

An example of implementation plan of GSM service in Nigeria is illustrated in the following with reference to dominant Provider NITEL: the plan covers a period of 5 years, from 2002 to 2007. Data used are neither supplied nor supported by the Provider: they only derive from previous analysis. A provisional Budget is prepared per each year of the plan; it is accompanied by a productivity analysis which lets refining original choices. The exercise not only lets have a general perception of the business and of its improvement over time, but gives, in particular valuable information as to optimise: labour resources,  operating expenses, price per minute, wanted return, efficiency (lines per employee) of labour. The plan is a guide that needs being updated every year once the final results of current year are available.

5.1 – Reference provisional Budget 2002 (Annexes 11A and 11B)
For the starting Budget 2002 input data chosen are: 

· the number of lines operated X1 (Annex 10: 76,3% market share);

· unit consumption t0 (expected unit traffic as per para 3.2, Annex 7);

· labour productivity r0 (expected ratio revenue/operating cost);

· estimate efficiency of labour k0 (derived from fixed telephone service);

· estimate number of employees X2 (X1/k0);

· estimate of capital and operating cost C0;

· estimate of parameters of production function (a, b, A);

From data above a first attempt takes place:

· the production function A(X1)a(X2)b is defined according to formulas indicated;

· capital and operating costs are separated;

· unit cost per minute is, then, calculated as C0/Q0;

· the ratio price to cost is calculated as to include the wanted labour productivity;

· unit price and expected revenue are, eventually, calculated.

Final results obtained by the first attempt (Annex 11A) are as follows:

· number of employees is 2919

· profit/revenue = 11,22%

· net product/employee = 18070 US$

· labour productivity = 30% 

· labour efficiency = X1/X2 = 40,62

In practice, revenue does not increase indefinitely as a function of X2. Once the stage of plant saturation is reached, little additional traffic can be routed irrespective of growing of personnel. So that revenue grows, reach a maximum and, then, stagnate or decline. To account for this pattern original production curve is approached by a theoretical function. The process is shown in Annex 11B where:

· optimum labour resources account for 2147 employees. They provide a unit revenue per employee of 18456 $ corresponding to a productivity of 32,78%; 

· at 2147 employees, the labour efficiency is 55,22 lines/employee.

· At 2919 employees the ratio price to cost is: 1,0972.

Coming back to “2nd attempt” in Annex 11A, we observe that unit consumption is lower than the expected one (adjusted revenue divided by unit price and lines operated). Revenue, at 2919 employees, are lower than those calculated under the “1st attempt” and, in particular, revenue per employee dropped from 18070 to 17108 with a productivity of 23,08%.

From mathematical point of view, the preliminary budget process ends here. The model made available to management two fundamental choices that need appropriate action. The first one is the definition of labour: within the two figures obtained (actual and optimum) the management would select the one that fits better into the Firm’s structure and into the Firm’s social obligation. 

The second one concerns the unit price of commodity. According to the information about market expressed preference and to the competitors’ strategies the management should be able to fix the appropriate price in order either to improve its economic objectives and to maintain its position (share) in the market.

At the end of current market date, final figures should be compared with actual results as to adjust input data for next budget at next market date. 

5.2 – Provisional budget 2003 (Annexes 12A and 12B)
The process described in the previous paragraph for the Budget 2002, is repeated for the year 2003 under the working hypothesis that final outputs 2002 correspond to actual output provided by the market situation. In the Budget 2003, lines operated are 144877 (22% more than in previous year). Unit consumption was increased by 1% and unit operating cost is 14900 US$ per employee.

Final results obtained by the first attempt (Annex 12A) are as follows:

· number of employees is 3018

· profit/revenue = 10,66%

· net product/employee = 19370 US$

· labour productivity = 30% 

· labour efficiency = X1/X2 = 48,00

Productivity function lets us carry out the “second attempt” to improve the first process worked out. From curve in Annex12B, we have: 

· optimum labour resources account for 2248 employees. They provide a unit revenue per employee of 19827 $ corresponding to a productivity of 33,07%; 

· at 2248 employees, the labour efficiency is 64,44 lines/employee.

· At 3018 employees the ratio price to cost is: 1,0957.

Coming back to “2nd attempt” in Annex 12A, we observe that unit consumption is lower than the expected one (adjusted revenue divided by unit price and lines operated). Revenue, at 3018 employees, are lower than those calculated under the “1st attempt” and, in particular, revenue per employee dropped from 19370 to 18485 with a productivity of 24,06%.

As it was already said, from mathematical point of view, the preliminary budget process ends here. Again, the model made available to management two fundamental choices which need appropriate action. It is, then, up to the management to develop, accordingly, the necessary strategies.

At the end of current market date, final figures should be compared with actual results as to adjust input data for next budget at next market date. 

5.3 – Provisional budget 2004 (Annexes 13A and 13B)
The process described in the previous paragraph for the Budget 2003, is repeated for the year 2004 under the working hypothesis that final outputs 2003 correspond to actual output provided by the market situation. In the Budget 2004, lines operated are 173636 (18,95%more than in previous year). Unit consumption was increased by 1% and unit operating cost is 180000 US$ per employee.

Final results obtained by the first attempt (Annex 13A) are as follows:

· number of employees is 3061

· profit/revenue = 10,79%

· net product/employee = 23400 US$

· labour productivity = 30% 

· labour efficiency = X1/X2 = 56,72

Productivity function lets us carry out the “second attempt” to improve the first process worked out. From curve in Annex13B, we have: 

· optimum labour resources account for 2329 employees. They provide a unit revenue per employee of 23967 $ corresponding to a productivity of 33,15%; 

· at 2329 employees, the labour efficiency is 74,57 lines/employee.

· At 3061 employees the ratio price to cost is: 1,1054.

Coming back to “2nd attempt” in Annex 13A, we observe that unit consumption is lower than the expected one (adjusted revenue divided by unit price and lines operated). Revenue, at 3061 employees, are lower than those calculated under the “1st attempt” and, in particular, revenue per employee dropped from 23400 to 22707 with a productivity of 26,15%.

As it was already said, from mathematical point of view, the preliminary budget process ends here. Again, the model made available to management two fundamental choices which need appropriate action. It is, then, up to the management to develop, accordingly, the necessary strategies.

At the end of current market date, final figures should be compared with actual results as to adjust input data for next budget at next market date. 

5.4 – Provisional budget 2005 (Annexes 14A and 14B)

The process described in the previous paragraph for the Budget 2004, is repeated for the year 2005 under the working hypothesis that final outputs 2004 correspond to actual output provided by the market situation. In the Budget 2005, lines operated are 204850 (17,98%more than in previous year). Unit consumption was increased by 1% and unit operating cost is 190000 US$ per employee.

Final results obtained by the first attempt (Annex 14A) are as follows:

· number of employees is 3152

· profit/revenue = 10,32%

· net product/employee = 24700 US$

· labour productivity = 30% 

· labour efficiency = X1/X2 = 65,00

Productivity function lets us carry out the “second attempt” to improve the first process worked out. From curve in Annex14B, we have: 

· optimum labour resources account for 2336 employees. They provide a unit revenue per employee of 25262 $ corresponding to a productivity of 32,96%; 

· at 2336 employees, the labour efficiency is 87,68 lines/employee.

· At 3152 employees the ratio price to cost is: 1,0924.

Coming back to “2nd attempt” in Annex 14A, we observe that unit consumption is lower than the expected one (adjusted revenue divided by unit price and lines operated). Revenue, at 3152 employees, are lower than those calculated under the “1st attempt” and, in particular, revenue per employee dropped from 24700 to 23578 with a productivity of 24,09%.

As it was already said, from mathematical point of view, the preliminary budget process ends here. Again, the model made available to management two fundamental choices which need appropriate action. It is, then, up to the management to develop, accordingly, the necessary strategies.

At the end of current market date, final figures should be compared with actual results as to adjust input data for next budget at next market date. 

5.5 – Provisional budget 2006 (Annexes 15A and 15B)
The process described in the previous paragraph for the Budget 2005, is repeated for the year 2006 under the working hypothesis that final outputs 2005 correspond to actual output provided by the market situation. In the Budget 2006, lines operated are 238520 (16,44%more than in previous year). Unit consumption was increased by 1% and unit operating cost is 21000 US$ per employee.

Final results obtained by the first attempt (Annex 15A) are as follows:

· number of employees is 3180

· profit/revenue = 10,07%

· net product/employee = 27300 US$

· labour productivity = 30% 

· labour efficiency = X1/X2 = 75,00

Productivity function lets us carry out the “second attempt” to improve the first process worked out. From curve in Annex 15B, we have: 

· optimum labour resources account for 2419 employees. They provide a unit revenue per employee of 27972 $ corresponding to a productivity of 33,20%; 

· at 2419 employees, the labour efficiency is 98,59 lines/employee.

· At 3180 employees the ratio price to cost is: 1,0978.

Coming back to “2nd attempt” in Annex 15A, we observe that unit consumption is lower than the expected one (adjusted revenue divided by unit price and lines operated). Revenue, at 3180 employees, are lower than those calculated under the “1st attempt” and, in particular, revenue per employee dropped from 27300 to 26499 with a productivity of 26,18%.

As it was already said, from mathematical point of view, the preliminary budget process ends here. Again, the model made available to management two fundamental choices which need appropriate action. It is, then, up to the management to develop, accordingly, the necessary strategies.

At the end of current market date, final figures should be compared with actual results as to adjust input data for next budget at next market date. 

5.6 – Provisional budget 2007 (Annexes 16A and 16B)
The process described in the previous paragraph for the Budget 2006, is repeated for the year 2007 under the working hypothesis that final outputs 2006 correspond to actual output provided by the market situation. In the Budget 2007, lines operated are 274640 (15,14%more than in previous year). Unit consumption was increased by 1% and unit operating cost is 23000 US$ per employee.

Final results obtained by the first attempt (Annex 16A) are as follows:

· number of employees is 3231

· profit/revenue = 9,88%

· net product/employee = 29900 US$

· labour productivity = 30% 

· labour efficiency = X1/X2 = 85,00

Productivity function lets us carry out the “second attempt” to improve the first process worked out. From curve in Annex 16B, we have: 

· optimum labour resources account for 2500 employees. They provide a unit revenue per employee of 30668 $ corresponding to a productivity of 33,34%; 

· at 2500 employees, the labour efficiency is 109,86 lines/employee.

· At 3180 employees the ratio price to cost is: 1,106.

Coming back to “2nd attempt” in Annex 16A, we observe that unit consumption is lower than the expected one (adjusted revenue divided by unit price and lines operated). Revenue, at 3231 employees, are lower than those calculated under the “1st attempt” and, in particular, revenue per employee dropped from 29900 to 29335 with a productivity of 27,54%.

As it was already said, from mathematical point of view, the preliminary budget process ends here. Again, the model made available to management two fundamental choices which need appropriate action. It is, then, up to the management to develop, accordingly, the necessary strategies.

At the end of current market date, final figures should be compared with actual results as to adjust input data for next budget at next market date. 

6. Conclusions

The present work was developed under a scenario resulting from past statistics, which might not reflect the correct trend of indicators over time; on the other hand there exist poor update information that may help forecasts: understandably, no Provider in Nigeria wanted to disclose data which they consider as confidential.
The model, then, could not be checked by comparing theoretical results provided with actual data: it rather maintained its validity as it could supply a range of solutions to help management’s choices.  The preliminary value of input variables to decide for use into the model should satisfy the relationship stated by the path function:

R1X1/R2X2 = a/b

The estimate comes from the knowledge of at least 4 conditions out of the followings: 

1. the number of lines operated = X1;

2. the labour efficiency = X1/X2;

3. the ratio between capital and operating cost = R1/R2; 
4. the expected unit capital cost = R1;

5. the expected unit cost of operation = R2;

6. total budget available = C0 = R1X1+R2X2;

7. the ratio between capital and operating expenses R1X1/R2X2 = a/b;

8. the ratio between marginal and average production cost = MP1/AP1 = a;

9. the working hypothesis that a+b=1.

Following Table summarise the value of input variables decided in the Case Study during the period 2002-2007. 

Reference
Lines
Labour
Parameters of production function

years
X1
X2
“a”
“b”
“A”

2002
118,574
2,919
0,5787
0,4213
26,830

2003
144,877
3,018
0,6022
0,3978
26,536

2004
173,636
3,061
0,5969
0,4031
29,277

2005
204,850
3,152
0,6165
0,3835
28,747

2006
238,520
3,180
0,6267
0,3733
29,371

2007
274,640
3,231
0,6346
0,3654
30,010

The summary of economical results obtained are included in the following Table: 

Years
Unit cost
price/cost
Price
Productivity
Efficiency

2002
0,1480
1,0972
0,1624
23,08%
40,62

2003
0,1401
1,0957
0,1535
24,06%
48,00

2004
0,1389
1,1054
0,1535
26,15%
56,72

2005
0,1342
1,0924
0,1466
24,09%
65,00

2006
0,1364
1,0978
0,1497
26,18%
75,00

2007
0,1261
1,1006
0,1388
27,54%
85,00
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