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ALLAMA IQBAL OPEN UNIVERSITY, ISLAMABAD 

Course: Advanced Microeconomics (805)  •  Level: MSc Economics 

Semester: Autumn 2026 

Assignment No. 2 (Units 6–9) 

SOLVED ASSIGNMENT GUIDE 

(For Study & Reference) 

Note: This guide is prepared for study and reference purposes. Students are advised to read the relevant 

units of the course book, understand the concepts, and then write the assignment in their own words. 

Total marks of the assignment are 100; each question carries the marks shown with it. 

 

Question 1: The Monopolist's Demand for an Input When Several 

Inputs Are Used (20 Marks) 

Derive monopoly demand for an input when several inputs are used in the production process.  

Introduction 

The demand for a factor of production is a derived demand: a firm demands labour, raw 

materials or capital services not for their own sake but for the revenue their output can earn. 

When the firm is a monopolist in its product market, its input demand differs from that of a 

competitive firm in two ways: the relevant value of an input's marginal product is its marginal 

revenue product rather than its value of marginal product, and — the subject of this question 

— when several variable inputs are used together, the demand curve for any one input is not 

simply a single marginal revenue product curve. A change in the price of one input changes the 

quantities used of the other inputs as well, and these induced changes shift the first input's own 

marginal revenue product curve. This answer derives the monopolist's demand for one input 

with several variable inputs, step by step, first recalling the single-input case, then showing the 
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substitution and output effects of an input-price change, and finally identifying the true 

demand curve as the locus of successive equilibria. 

The Benchmark: One Variable Input 

With a single variable input, say labour L, producing output Q = f(L), the monopolist's profit is 

revenue from selling output minus cost. Hiring one more worker adds the marginal physical 

product of labour, MP_L, to output; but because the monopolist faces a downward-sloping 

demand curve, the extra output can be sold only by lowering price on all units, so the extra 

revenue is marginal revenue times the extra output: MRP_L = MR × MP_L. The firm hires labour 

until the marginal revenue product equals the marginal cost of the input — the wage, if the 

labour market is competitive: MR × MP_L = w. Two consequences follow. First, since MR is less 

than price for a monopolist, MRP_L = MR × MP_L is everywhere less than VMP_L = P × MP_L, 

the competitive measure; the monopolist's demand curve lies below and is steeper than the 

competitive one, as Figure 1 shows. Second, with only one input, the MRP curve itself is the 

demand curve: as the wage falls, employment moves along a fixed MRP curve, because nothing 

else in the firm changes. 
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Figure 1: Because marginal revenue is below price, the monopolist's marginal revenue product (MRP) lies 

below the value of marginal product (VMP); with one input, employment is read off the MRP curve at the 

ruling wage. 

Why Several Inputs Change the Analysis 

Now let the firm use several variable inputs — labour L and capital K for concreteness, with 

output Q = f(L, K) — buying both at given competitive prices w and r, and selling as a 

monopolist. Profit maximisation requires two families of conditions to hold simultaneously. On 

the technical side, the input combination must be the least-cost one for the chosen output: the 

firm operates where an isoquant is tangent to an isocost line, so MRTS = MP_L/MP_K = w/r. On 

the output side, the firm produces where marginal revenue equals marginal cost, MR = MC. 

Jointly these imply the hiring rule for every input: MR × MP_L = w and MR × MP_K = r — each 

input is employed until its marginal revenue product equals its price. The difficulty is that the 

MP of each input depends on the quantities of both inputs (with diminishing and interacting 
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marginal products), so when the price of one input changes, the whole system of conditions 

must be solved again; the other input's quantity adjusts, and that adjustment shifts the first 

input's marginal product and hence its MRP curve. 

Derivation: The Effect of a Fall in the Price of One Input 

Let the wage w fall, the price of capital r remaining constant. Trace the adjustment in stages. 

Stage one — point on the original MRP curve: at the existing employment of capital, the lower 

wage means MRP_L now exceeds w, so the firm hires more labour, moving down along its 

initial MRP_L curve exactly as in the one-input case. Stage two — substitution effect: the fall in 

w lowers the least-cost input ratio; along any given isoquant the firm substitutes labour for 

capital until MRTS again equals the new ratio w/r. Capital employment falls, and because the 

inputs are (normally) cooperating — with more labour and less capital — the marginal physical 

product of labour changes, shifting the MRP_L curve itself. Stage three — output (scale) effect: 

cheaper labour lowers the marginal cost of production. With MC reduced, the monopolist 

expands output to the new point where MR = MC (a monopolist's output always responds to a 

fall in MC by rising, though by less than a competitive firm's). The larger output raises the 

demand for both normal inputs: the firm now wants more capital as well as more labour, which 

shifts the MRP_L curve further, typically to the right, because a larger scale of operations and 

more cooperating capital raise the marginal product of labour. The final equilibrium is a fresh 

point — new output, new input combination, MR × MP_L = new w — which does not lie on the 

original MRP_L curve at all. 
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The Derived Demand Curve 

The monopolist's true demand curve for labour is constructed by repeating this experiment for 

every possible wage and joining the resulting equilibrium points. It is the locus of the successive 

equilibrium quantities of labour, each read off a different, shifting MRP_L curve. Because the 

output effect reinforces the substitution effect when inputs are normal and cooperating, the 

derived demand curve is flatter — more elastic — than any single MRP_L curve: a fall in the 

wage sets off an expansion of output that raises the demand for the input beyond the 

movement along the original curve. (This is the monopoly counterpart of the familiar 

proposition for a competitive industry that the long-run derived demand, allowing for the 

responses of other inputs and of output, is more elastic than the short-run MRP curve.) 

Monopoly modifies the result in one respect: the output response is muted because the 

monopolist restricts output (only part of a cost fall is passed on in expanded sales, and MR falls 

as output rises), so the derived demand of a monopolist is less elastic than the derived demand 

of an otherwise identical competitive industry, and it lies to the left of it — the monopolist hires 

less of the input at every input price, reflecting the restriction of output. 

Determinants of the Elasticity of the Monopolist's Input Demand 

The Marshall–Hicks rules of derived demand, adapted to monopoly, summarise what makes 

this demand elastic. (1) Elasticity of demand for the product: the more elastic the product 

demand, the more a cost fall expands sales, and the more elastic is input demand; monopoly 

adds that what matters operates through marginal revenue and its rate of decline. (2) Elasticity 

of substitution between inputs: the easier it is technically to substitute the input whose price 
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changed for others (a high elasticity of substitution), the stronger the substitution effect and 

the more elastic the demand. (3) The share of the input in total cost: the larger the share, the 

bigger the effect of its price on marginal cost and hence on output and employment — the 

'importance of being unimportant' in reverse. (4) The supply elasticity of cooperating inputs: if 

the other inputs are in inelastic supply, their prices rise as the firm tries to expand, choking off 

the output effect and making demand for the first input less elastic. Together these rules 

explain, for example, why a monopolist's demand for a specialised component forming a tiny 

share of cost is highly inelastic, while its demand for a general, easily substituted input forming 

a large share of cost is highly elastic. 

A Note on the Input-Market Side 

The derivation above assumes the monopolist buys inputs in competitive markets, so that the 

input price is given and the hiring rule is MRP = input price. If the firm is also a monopsonist 

(sole buyer) in the input market, marginal factor cost exceeds the input price, the rule becomes 

MRP = MFC, and employment is restricted further. The question concerns monopoly in the 

product market, but it is worth noting that the 'several inputs' logic — shifting MRP curves and 

the substitution-plus-output decomposition — applies unchanged; only the cost side of the 

hiring rule is modified. 

Conclusion 

To conclude, with several variable inputs the monopolist's demand for an input cannot be 

identified with a single marginal revenue product curve. Profit maximisation requires MR × 

MP_i = p_i for every input together with MRTS = the input-price ratio and MR = MC; when one 
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input's price falls, substitution towards it and the monopolist's expansion of output as marginal 

cost falls change the employment of the cooperating inputs and shift the input's own MRP 

curve. The demand curve is the locus of the successive equilibria so generated — more elastic 

than any individual MRP curve because of the reinforcing output effect, yet less elastic and 

further left than the corresponding competitive derived demand because monopoly restricts 

the output response. Its elasticity is governed by the elasticity of product demand, the elasticity 

of substitution, the input's share in total cost, and the supply conditions of cooperating inputs. 

Question 2: Walras's Law and Its Significance for General Equilibrium 

Analysis (20 Marks) 

Explain Walrus's law and its significance for general equilibrium analysis. [Note: the law is 

named after Leon Walras; it is spelled 'Walrus's law' in the printed question paper.]  

Introduction 

Leon Walras, in his Elements of Pure Economics (1874), founded general equilibrium theory by 

writing down a complete system of equations for all markets of an economy simultaneously. 

Walras's law is a fundamental proposition of that system. It states that the sum of the values of 

excess demands over all markets is identically zero — at any set of prices whatsoever, 

equilibrium or disequilibrium. If some markets show excess demand worth a certain sum of 

money, other markets must show excess supply of exactly the same total value. This answer 

states and derives the law from consumers' budget constraints, illustrates it numerically, and 

then explains its considerable significance for general equilibrium analysis. 
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Statement of the Law 

For each market i, define the excess demand function z_i(p) = quantity demanded minus 

quantity supplied (initial endowment plus production) at the price vector p. Walras's law 

asserts: p_1 z_1(p) + p_2 z_2(p) + ... + p_n z_n(p) ≡ 0, for all price vectors p. The identity sign is 

essential: the law does not merely claim that the sum is zero in equilibrium (when each z_i is 

separately zero, which would make the result trivial); it claims the sum is zero even in 

disequilibrium, when individual excess demands are not zero. Positive excess demands in some 

markets are necessarily and exactly financed by negative excess demands — excess supplies — 

elsewhere. 

Derivation from Budget Constraints 

The law is not an assumption but a consequence of the fact that every agent's planned 

spending is limited by the value of what he owns. Each household h must satisfy its budget 

constraint: the total value of its planned purchases equals the total value of its endowments 

(plus its share of firms' profits). In symbols, for household h: sum over i of p_i x_i^h = sum over i 

of p_i w_i^h, where x_i^h is household h's demand for good i and w_i^h is its endowment of 

good i. Rearranged, the value of the household's total excess demand is zero: sum over i of p_i 

(x_i^h − w_i^h) = 0. Now add this identity across all households. The left-hand side becomes the 

value of aggregate excess demand over all markets, and the right-hand side remains zero. 

Hence sum over i of p_i z_i(p) ≡ 0, which is Walras's law. Because each budget constraint holds 

at every price vector — a household cannot plan to spend more than the value of its resources 

whatever prices are — the aggregate identity holds at every price vector too. A small numerical 
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illustration makes the logic concrete: in a three-market economy (goods A, B and money), if at 

some prices the value of excess demand for A is +Rs 500 and for B is +Rs 300, then the value of 

excess demand for money — that is, the amount of money balances people are trying to run 

down — must be −Rs 800; equivalently there is an excess supply of spending power offerings 

worth Rs 800 in the goods markets combined. One cannot have, in value terms, a general 

excess demand for everything. 

Significance for General Equilibrium Analysis 

1. One market-clearing equation is redundant 

The most famous implication is that if n − 1 markets clear (excess demand zero), the nth market 

must clear automatically. For if z_i = 0 for all i except possibly market n, Walras's law reduces to 

p_n z_n = 0, and with a positive price, z_n = 0. The analyst may therefore drop any one 

equation from the system — conventionally the money market — and solve the remaining n − 1 

independent equations. Walras himself used this to show that his system had exactly as many 

independent equations as unknowns (relative prices), supporting his claim that general 

equilibrium exists as a determined solution. 

2. Only relative prices matter 

Closely connected, the law holds for any absolute price level: if all prices double, every budget 

constraint and every excess demand (in quantities) is unchanged, and the identity remains 

satisfied. Demand and excess demand functions are homogeneous of degree zero in prices. 

Consequently the system can determine only n − 1 relative prices; one good must be chosen as 

numeraire, its price set equal to one, to give the system a scale. This is not a defect but a 
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discovery: a barter-like real equilibrium underlies monetary prices, and the absolute price level 

must be determined by additional, monetary considerations. 

3. It disciplines the construction and use of equilibrium models 

Any model that claims to be a general equilibrium model must respect the law; model-builders 

use it as a consistency check, and applied general equilibrium (CGE) models are routinely 

validated by verifying that Walras's law holds in their solutions. In theoretical work the law 

reduces the conditions needed in existence proofs: in the Arrow–Debreu framework, one 

shows that a price vector exists at which excess demands cannot be positive, and Walras's law 

then converts 'no positive excess demand anywhere in value' into market clearing. It is also a 

working tool in dynamics: the tatonnement adjustment process, in which the auctioneer raises 

prices of goods in excess demand and lowers those in excess supply, is designed so that 

Walras's law holds along the path. 

4. Macroeconomic and monetary implications 

Walras's law is the rigorous answer to loose talk of a 'general glut' or 'general shortage'. An 

excess supply of goods in general (a recession in the goods markets) must, by the law, be the 

mirror image of an excess demand for something else — money or financial assets — which is 

precisely the Keynesian and monetarist diagnosis of depression as excess demand for money 

balances, and the reason Say's law, properly stated, is an application of Walras's law when 

money is included among the markets. It likewise implies that a balance-of-payments or budget 

imbalance must have its counterpart elsewhere in the system, a consistency discipline used 

daily in national accounting and open-economy macroeconomics. 
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Limits of the Law 

Two cautions protect against over-claiming. Walras's law is an accounting-cum-budget identity, 

not a behavioural law: it does not by itself prove that equilibrium exists, that it is unique, or 

that the economy converges to it — those require separate arguments about continuity, 

convexity and stability. And it rests on budget constraints being binding equalities; if agents are 

allowed to plan unspent income (non-satiation is violated), the law survives only as an 

inequality. Within its proper domain, however, it is exactly as strong as it needs to be. 

Conclusion 

To conclude, Walras's law — the value of aggregate excess demand is identically zero at all 

prices — follows directly from summing the budget constraints of all agents. Its significance for 

general equilibrium analysis is foundational: it makes one market-clearing condition redundant, 

establishes that only relative prices are determined (hence the numeraire), provides the 

consistency test and a key step in existence arguments for equilibrium systems, and supplies 

the correct framework for discussing general gluts and monetary disequilibrium. Few single 

identities do so much work in economic theory. 

Question 3: Marginal Rate of Technical Substitution — Definition, 

Meaning and Measurement (20 Marks) 

Define marginal rate of technical substitution? What does it indicate and how can it be 

measured? 
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Introduction 

Modern production theory describes the technology of the firm by isoquants: curves showing 

all combinations of two variable inputs, say labour (L) and capital (K), that produce a given level 

of output. The marginal rate of technical substitution (MRTS) is the central concept describing 

the slope of an isoquant. It tells the firm, and the analyst, the rate at which one input can be 

substituted for another without changing output. This answer defines the MRTS precisely, 

explains what it indicates — about technology, about the relative marginal productivity of 

inputs, and about least-cost behaviour — and then shows the several ways in which it can be 

measured: from an isoquant schedule, from marginal physical products, from the production 

function by differentiation, and geometrically as a slope. 

Definition 

The marginal rate of technical substitution of labour for capital, MRTS_LK, is the amount by 

which the quantity of capital can be reduced when one extra unit of labour is used, so that total 

output remains unchanged. Formally, MRTS_LK = −ΔK/ΔL (with output constant), the negative 

sign being dropped by convention so that the MRTS is quoted as a positive number. In the limit, 

for infinitesimal changes, MRTS_LK = −dK/dL along an isoquant — it is the (absolute value of 

the) slope of the isoquant at the point in question. Just as the consumer's MRS describes 

substitution possibilities in consumption, the MRTS describes substitution possibilities created 

by technology in production. 
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What the MRTS Indicates 

1. It indicates relative marginal productivity 

The MRTS is exactly equal to the ratio of the marginal physical products of the two inputs: 

MRTS_LK = MP_L / MP_K. This is proved in the measurement section below, and it gives the 

MRTS its meaning: it shows how productive an extra unit of labour is, in terms of the capital it 

can release. If the MRTS is 3 at some input combination, the marginal unit of labour does the 

work of 3 units of capital at the margin; labour is, at that combination, three times as effective 

as capital at the margin. The MRTS therefore expresses the technical terms of trade between 

inputs at the firm's current operating point. 

2. It indicates the ease and the limits of substitution — and normally diminishes 

As the firm moves down an isoquant, using more labour and less capital, the MRTS normally 

falls: this is the law of diminishing MRTS, which makes isoquants convex to the origin. The 

reason is the law of diminishing marginal returns operating on both inputs: more labour lowers 

MP_L, while less capital raises MP_K, so their ratio falls. Economically, it indicates that 

substitution becomes progressively harder — the first units of abundant labour replace capital 

easily, but as capital grows scarce relative to labour, ever more labour is needed to compensate 

for losing one unit of capital. Extreme cases mark the boundaries of the concept: for perfect 

substitutes the MRTS is constant (straight-line isoquants); for inputs used in rigid fixed 

proportions (Leontief technology) the isoquant is L-shaped and substitution is impossible — the 

MRTS is zero along one segment and undefined at the corner. The speed at which the MRTS 

diminishes is summarised by the elasticity of substitution, a key parameter of technology. 
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3. It indicates the direction of cost-minimising adjustment 

Compared with the input-price ratio, the MRTS tells the firm whether it can cut costs. Least cost 

for a given output requires MRTS_LK = w/r (the wage–rental ratio), the tangency of isoquant 

and isocost. If MRTS_LK = 3 while w/r = 2, one unit of labour replaces 3 units of capital but costs 

only as much as 2: the firm should hire more labour and less capital. If MRTS_LK is less than 

w/r, it should do the reverse. The MRTS thus indicates, at every point, both whether the firm is 

efficient and which way to move — and in general equilibrium, the equality of MRTS across all 

firms is one of the marginal conditions of Pareto optimality. 

How the MRTS Can Be Measured 

Method 1: From an isoquant schedule (discrete measurement) 

Given the input combinations that produce a fixed output, the MRTS between successive 

combinations is the capital given up divided by the labour gained. Table 1 gives the five 

combinations A to E, each producing 100 units of output, and Figure 1 plots them. 

Table 1: An isoquant schedule (output = 100 units) and the MRTS between successive combinations 

Combination Labour (L) Capital (K) Change in K Change in L MRTS ( = -

change in K / 

change in L) 

A 1 14 — — — 

B 2 9 -5 +1 5 

C 3 6 -3 +1 3 

D 4 4 -2 +1 2 

E 5 3 -1 +1 1 

 

Moving from A to B, one extra worker allows the firm to release 5 units of capital while still 

producing 100 units, so the MRTS is 5. From B to C it is 3, then 2, then 1 — diminishing exactly 
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as the law states. This discrete measure is an average over the interval; the finer the intervals, 

the closer it comes to the true point value. 

 

Figure 1: The isoquant for 100 units of output through combinations A–E of Table 1. The MRTS, the slope of 

the isoquant, falls from 5 to 1 as labour replaces capital. 

Method 2: As the slope of the isoquant (geometric measurement) 

Graphically, the MRTS at a single point is the absolute slope of the tangent to the isoquant at 

that point. Draw the tangent at the point of interest; the ratio of its vertical intercept segment 

to its horizontal segment (equivalently, the amount of capital cut per unit of labour added along 

the tangent) is the MRTS. This is the measurement used when isoquants are estimated from 

engineering or statistical production data and drawn. 
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Method 3: From marginal products and the production function (analytical measurement)  

Analytically, move along an isoquant: output is constant, so the total differential of the 

production function Q = f(L, K) is zero: dQ = MP_L × dL + MP_K × dK = 0. Rearranging, −dK/dL = 

MP_L / MP_K. Hence MRTS_LK = MP_L / MP_K, and measuring the MRTS reduces to measuring 

(or computing) the two marginal products. A worked example: for the Cobb–Douglas function Q 

= L^0.5 K^0.5, MP_L = 0.5 L^(−0.5) K^0.5 and MP_K = 0.5 L^0.5 K^(−0.5), so MRTS_LK = K/L. At L 

= 4 and K = 9, MRTS = 9/4 = 2.25: at that combination, one more worker can replace 2.25 units 

of capital without reducing output. (Check by the definition: along this isoquant, output is fixed 

at Q = (4 × 9)^0.5 = 6; the formula K/L is the exact slope measure at that point.) Similarly, if 

direct observation of a production process shows that adding one worker raises daily output by 

20 units and adding one machine raises it by 10 units, the MRTS of labour for capital is 20/10 = 

2 at the observed combination. 

Conclusion 

To conclude, the MRTS of labour for capital is the quantity of capital that one additional unit of 

labour can replace while output stays constant — the slope of the isoquant. It indicates the 

ratio of the inputs' marginal physical products, the technical ease with which inputs substitute 

for each other (normally diminishing, which makes isoquants convex), and, by comparison with 

the input-price ratio, the direction in which a cost-minimising firm should adjust its input mix. It 

can be measured discretely from an isoquant schedule (the fall in K divided by the rise in L), 

geometrically as the slope of the tangent to the isoquant, or analytically as MP_L/MP_K, 

obtained by differentiating the production function along a constant-output path. 
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Question 4: Externalities, Their Forms, and the Optimality of Perfect 

Competition (20 Marks) 

What are externalities? Discuss their various forms. How do they alter the optimality of perfect 

competition? 

Introduction 

The claim that perfect competition is optimal — that it delivers a Pareto-efficient allocation of 

resources — rests on an invisible assumption: that all the costs and benefits of an economic 

activity fall on the parties to the transaction themselves, and are therefore registered in the 

prices they pay and receive. Externalities are precisely the cases in which this assumption fails. 

An externality exists when the production or consumption activity of one person or firm directly 

affects the welfare or the production possibilities of others, without that effect being paid for 

— or charged for — through the market. The smoke from a factory that soils the washing of 

neighbours, the education that makes a citizen more productive for everyone's benefit, and the 

orchard-keeper's blossom that feeds the beekeeper's bees are all externalities. This answer 

defines externalities, classifies their various forms with examples, and then shows exactly how 

they break the marginal conditions on which the optimality of perfect competition depends. 

Definition and Essential Features 

Three features mark a true (technological) externality. First, the effect is direct and unpriced: it 

does not travel through a market price. (Effects that do travel through prices — a new factory 

bidding up local wages — are pecuniary externalities; they redistribute income but do not by 
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themselves cause inefficiency, because the price system still registers them.) Second, the effect 

is incidental to a legitimate activity but is not deliberately compensated: the affected party 

neither pays for the benefit nor is paid for the harm. Third, because the effect is unpriced, the 

decision-maker has no incentive to take it into account: private cost and social cost, or private 

benefit and social benefit, diverge. That divergence is the whole source of the trouble, and 

Pigou, who gave the classic analysis in The Economics of Welfare (1920), built his distinction 

between the marginal private net product and the marginal social net product upon it. 

The Various Forms of Externalities 

1. Negative and positive externalities 

A negative externality imposes an external cost: air and water pollution from factories and 

vehicles, noise from airports and late-night businesses, congestion imposed by each additional 

driver, cigarette smoke in shared spaces, and the depletion of a common fishery by each 

trawler. A positive externality confers an external benefit: education and vaccination (which 

protect others as well as the recipient), research and development whose results spill over to 

rivals, the restoration of a historic building that beautifies a street, and a well-kept garden 

enjoyed by passers-by. Negative externalities lead markets to produce too much; positive 

externalities, too little — the direction of the distortion is the first thing the classification tells 

us. 

2. Externalities in production and in consumption 

Production externalities arise when one firm's output or inputs affect another firm's costs or 

output: the chemical plant upstream raises the water-treatment costs of the food processor 
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downstream; the orchard's blossom (an input to honey production) raises the beekeeper's yield 

— Meade's famous reciprocal example, in which beekeepers in turn pollinate the orchard, so 

each creates a positive production externality for the other. Consumption externalities arise 

when one person's consumption enters another's utility: loud music and smoky rooms 

(negative), vaccination, education and tasteful dress or gardens (positive). Combining the two 

classifications gives the standard fourfold table: negative production (pollution), positive 

production (technology spillovers, bees and orchards), negative consumption (noise, passive 

smoking), and positive consumption (vaccination, education). The remedy and the responsible 

party differ by cell, which is why the classification matters practically. 

Table 1: The four basic forms of externalities, with examples 

Form Negative (external cost) Positive (external benefit) 

In production Factory smoke and effluent; 

congestion of a shared fishery; 

upstream pollution raising 

downstream costs 

Bees pollinating orchards and 

orchards feeding bees; R&D 

spillovers; training workers who 

later move to other firms 

In consumption Noise, passive smoking, litter, 

congestion from extra cars 

Vaccination, education, well-

maintained houses and gardens, 

charitable giving that others 

value 

 

3. Other distinctions 

Externalities may be reciprocal (two parties affect each other, as in the bees-and-orchard case 

or neighbours' competing noise) or unidirectional (a factory pollutes a river's downstream users 

who do nothing to it). They may be marginal or non-marginal, depletable (my congestion is 

worsened by yours on a fixed road) or non-depletable, and some are essentially public goods in 

character — clean air benefits everyone non-rivalrously — which links the theory of 
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externalities to the theory of public goods and common-property resources (the 'tragedy of the 

commons', where open access is itself the institutional form of a negative production 

externality). Finally, externalities can arise between contemporaries or across generations, as 

with climate change and nuclear waste, where the affected parties cannot bargain at all. 

How Externalities Alter the Optimality of Perfect Competition 

The optimality of perfect competition requires, at the margin, that price equal marginal social 

cost and marginal social benefit: P = MSC = MSB, which is the competitive form of the general 

condition MRS = MRT. Under perfect competition, however, each firm and consumer responds 

only to private magnitudes: the firm produces where price equals marginal private cost (P = 

MPC), and the consumer buys where price equals marginal private benefit (P = MPB). When an 

externality is present, MPC differs from MSC (or MPB from MSB) by the marginal external cost 

(MEC) or marginal external benefit (MEB): MSC = MPC + MEC. The competitive equilibrium 

therefore satisfies the wrong equation, and the allocation fails the Pareto test — resources are 

misallocated even though competition is perfect in every other respect. 

For a negative production externality, MPC lies below MSC, so the competitive industry 

produces where demand (MSB) equals the too-low private cost: output is greater than the 

social optimum, as Figure 1 shows (competitive output 75 against the optimum 60, with the 

shaded zone between the curves representing the deadweight welfare loss on the excess units, 

each of which costs society more than the benefit it yields). The price is also too low — it does 

not signal the true social scarcity of the good — so consumers over-consume it as well. For a 

positive externality the mirror image holds: the market produces where MPB = cost, ignoring 
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MEB, so output is smaller than the social optimum (vaccination, education and research are 

chronically under-provided by unsubsidised markets), and activities with social value beyond 

their price may not be undertaken at all. In both directions the marginal conditions of 

optimality — MRS equal to MRT measured in social terms — are violated, the contract-curve 

and production-efficiency results no longer describe the outcome, and the first fundamental 

theorem of welfare economics fails: a perfectly competitive equilibrium with uncorrected 

externalities is not Pareto optimal. The economy sits inside its social utility possibility frontier. 

 

Figure 1: A negative production externality. Competition equates price with marginal private cost and 

produces 75 units; the optimum equates price with marginal social cost and produces 60. The shaded band 

marks the range of overproduction. 

Corrective Principles (in Brief) 

The standard corrections aim to re-align private and social margins: a Pigouvian tax equal to the 

marginal external cost on a polluting activity (or a subsidy equal to the marginal external 
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benefit on a beneficial one) restores P = MSC; the assignment and enforcement of property 

rights allows Coasian bargaining where transaction costs are low; regulation, standards and 

tradable permits address cases where direct pricing is impractical. Each remedy has costs and 

information problems of its own, but the analytical point for this question is that some 

correction is needed: laissez-faire competition alone does not self-correct, because the missing 

price is precisely the market signal that competition relies upon. 

Conclusion 

To conclude, externalities are unpriced spillover effects of production or consumption on third 

parties; they take negative and positive forms, in both production and consumption, reciprocal 

or one-way, and include public-good-like and common-property cases. They alter the optimality 

of perfect competition by driving a wedge between private and social costs and benefits: since 

competitors equate price to marginal private cost or benefit, negative externalities cause 

overproduction and positive externalities cause underproduction relative to the Pareto 

optimum, violating the MRS = MRT condition. Externalities are therefore the classical first entry 

in the catalogue of market failures and the standing counterexample to any claim that perfect 

competition is automatically optimal. 

Question 5: The Concept of Pareto Optimality (20 Marks) 

Explain in detail the concept of Pareto optimality.  
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Introduction 

Pareto optimality, named after the Italian economist Vilfredo Pareto (1848–1923), is the central 

efficiency concept of modern welfare economics. It provides a criterion for judging whether 

resources are allocated efficiently without requiring any comparison of one person's utility with 

another's — a deliberate advantage, since economists since Robbins have doubted that such 

interpersonal comparisons can be made scientifically. This answer explains the concept in 

detail: its definitions (Pareto improvement and Pareto optimum), the three efficiency 

conditions that characterise an optimum, its graphical representation through the Edgeworth 

box, the contract curve and the utility possibility frontier, its connection with competitive 

general equilibrium in the two fundamental theorems of welfare economics, and finally its 

limitations. 

Definitions: Pareto Improvement and Pareto Optimum 

A change in the allocation of resources is called a Pareto improvement if it makes at least one 

person better off and no person worse off. An allocation is Pareto optimal (or Pareto efficient) 

when no Pareto improvement is any longer possible from it: every feasible reallocation that 

would benefit someone would necessarily harm someone else. Two points in the definition 

deserve emphasis. First, the criterion is unanimous-consent logic: a Pareto improvement 

commands everyone's agreement, so recommending it requires no value judgement about 

whose welfare counts for more. Second, Pareto optimality is a property of an allocation, and 

there are generally very many Pareto-optimal allocations — one for every possible distribution 
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of income between people, from near-equality to extreme inequality. The concept certifies 

efficiency; it is silent about fairness. 

The Three Efficiency Conditions 

A Pareto optimum in a complete economy must satisfy three marginal conditions 

simultaneously, corresponding to the three decisions every economy makes: how goods are 

distributed, how inputs are used, and what is produced. 

1. Efficiency in exchange (distribution of goods) 

Given the total quantities of goods, their distribution among consumers is efficient when the 

marginal rate of substitution between any two goods is the same for all consumers: MRS(X,Y) of 

A = MRS(X,Y) of B. If the rates differed — A willing to surrender 3 units of Y for one of X, B only 1 

unit of Y — exchange of one unit of X from B to A against 2 units of Y would make both better 

off, so the starting point cannot have been optimal. Efficiency requires gains from trade to be 

exhausted. 

2. Efficiency in production (allocation of inputs) 

Given the total quantities of inputs, their allocation among firms and industries is efficient 

when the marginal rate of technical substitution between any two inputs is the same in every 

use: MRTS(L,K) in industry X = MRTS(L,K) in industry Y. If the rates differed, inputs could be 

swapped between industries to increase total output from the same total resources, and the 

extra output would permit a Pareto improvement. This condition places the economy on its 

production possibility frontier rather than inside it. 
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3. Efficiency in product mix (composition of output) 

The economy must produce the combination of goods that consumers want: the (common) 

marginal rate of substitution between two goods must equal the marginal rate of 

transformation between them along the production possibility frontier: MRS = MRT. If 

consumers value one more unit of X at 3 units of Y (MRS = 3) while the economy sacrifices only 

1 unit of Y to produce it (MRT = 1), shifting resources into X yields a surplus of welfare; 

production should expand until rising MRT and falling MRS meet. This top-level condition joins 

the consumption and production sides of the economy together and completes the 

characterisation of the optimum. (A parallel condition governs factor supply: each worker's 

MRS between leisure and income must equal the wage, itself equal to the value of labour's 

marginal product.) 

Graphical Representation: Edgeworth Box, Contract Curve and Utility Possibility 

Frontier 

For exchange between two consumers with fixed total quantities of two goods, the Edgeworth 

box displays every possible allocation. Each consumer has indifference curves convex to his own 

origin (A's origin at the bottom-left, B's at the top-right, as in Figure 1). Allocations off the locus 

of tangencies are inefficient, because the lens-shaped area between the crossing curves 

contains allocations better for both. The set of tangency points — where MRS_A = MRS_B — is 

the contract curve: every point on it is Pareto optimal for the exchange problem, and voluntary 

trade from any endowment leads somewhere on it (within the segment both prefer to no 

trade). Adding production, the economy chooses a point on its production possibility frontier; 
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each point of that frontier generates an Edgeworth box and contract curve, and mapping the 

maximum utility of one consumer for each utility of the other across all of them yields the 

grand utility possibility frontier. A Pareto optimum is a point on this grand frontier where it is 

tangent to the highest attainable social indifference curve if a social welfare function is supplied 

— but every point of the frontier is Pareto optimal, whether or not a social welfare judgement 

selects among them. 

 

Figure 1: The Edgeworth box. Pareto-optimal allocations of the two goods between consumers A and B lie on 

the contract curve, where the indifference curves are tangent and the two MRSs are equal. 

Pareto Optimality and Competitive Equilibrium: The Two Fundamental Theorems 

The concept gains its practical importance from two theorems. The first fundamental theorem 

of welfare economics states that a competitive general equilibrium — with perfect competition 
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in all markets, complete markets, no externalities and no public goods — is Pareto optimal: the 

price system drives every consumer to a common MRS (= price ratio), every firm to a common 

MRTS (= factor-price ratio), and (with price equal to marginal cost) MRS to equality with MRT, 

satisfying all three conditions simultaneously. The second fundamental theorem states the 

converse: under convexity assumptions (diminishing MRS and MRTS, increasing MRT), any 

desired Pareto-optimal allocation can be achieved as a competitive equilibrium if endowments 

are first redistributed by lump-sum transfers. Together the theorems show that efficiency and 

equity can in principle be separated: the market mechanism handles the efficiency conditions, 

while distributive goals are pursued by transfers — though the practical difficulty of truly lump-

sum taxation limits the second theorem's direct application. 

Limitations of the Concept 

Pareto optimality must be used with a clear view of what it does not say. (1) It is distributionally 

silent: an allocation in which one person holds nearly everything can be Pareto optimal, since 

enriching anyone else would 'harm' him; most real policy therefore needs distributional criteria 

in addition. (2) It yields only a partial ordering: most pairs of allocations (where someone gains 

and someone loses) cannot be ranked by the Pareto criterion at all, which is why extensions 

such as the Kaldor–Hicks compensation criterion were proposed — with their own well-known 

reversals and difficulties. (3) It takes the existing distribution of endowments and the existing 

set of preferences as given, and judges only moves from them, giving it a conservative, status-

quo bias. (4) Its conditions are marginal and local: with non-convexities, second-best problems 

arise — if one condition cannot be satisfied, satisfying the others exactly is generally not the 

best policy (the theory of the second best). None of this diminishes the concept's role as the 
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minimal, uncontroversial standard of efficiency; it only warns against mistaking efficiency for 

the whole of welfare. 

Conclusion 

To conclude, Pareto optimality defines efficiency without interpersonal utility comparisons: an 

allocation is Pareto optimal when no reallocation can make anyone better off without making 

someone worse off. Such an allocation is characterised by three simultaneous marginal 

equalities — equal MRS across consumers in exchange, equal MRTS across producers in the 

allocation of inputs, and MRS equal to MRT in the composition of output — pictured by the 

contract curve of the Edgeworth box and by the grand utility possibility frontier. The 

fundamental theorems connect the concept to competitive equilibrium, which is Pareto optimal 

under ideal conditions and can in principle deliver any chosen optimum after redistribution. Its 

silence on distribution and its partial ordering are genuine limitations, but as the benchmark of 

allocative efficiency against which markets and policies are measured, the concept of Pareto 

optimality remains indispensable. 
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