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Sustainable Development

Exercises: Brief answers!

1. Megafaunal extinction

Sorry, no written answers available for these questions yet

2. Solow

2.1.

2.2.

2.3.

The first three parts of this question are standard. IChetes and literature. Part
(d) is a bit tricky though. Denote total factor productivif-P) by A, so that we can
write Y = AF (K, L) whereF is CRS inK andL. And assume tha grows at a constant
exogenousrate. Thenif the savings rate is constant the@etpoonverges to a balanced
growth path on which bot andK grow at the same rate @ But to prove this is
beyond the scope of the course.

(@ A*%=05,6=01,s=0.2.

(b) 1.

(c) The relative shares ¢f andL are fixed atr /(1 — a).

(d) 1t makes no difference in the model.

(a) Technological progress.

(b) What drives technological progress?

(c) Inlong run, and when shifts between different types aidoict are known to be

important. For instance in the case of resource or energy use

3. DHSS

3.1

Check notes and literature for part (a), the answergbtiat | extract everything if
the resource price is growing more slowly than money in thekband nothing if the
resource price is growing faster than money in the bankefrésource price grows at
the same rate as money in the bank then | am indifferent betertacting now and
extracting later. Part (b) is tricky. By setting up the Lagg&an and solving we find that

Witt1/Wit = 1/B8 =1+p,

wherep is the interest rate per period. How is this related to thevanso (a)? After
all, the price path and the interest rate are both exogenouaffected by my extraction
rate! The answer is that the equation is a necessary conditiche existence of a non-
corner solution to my extraction problem. If it doesn’t hthén the first-order condition
cannot hold, implying that we must have a corner solutiomwither zero extraction or
extracting everything in one go. And we still need the intuittrom part (a) to complete
the solution. To answer part (c) you must show that if the wes® price is expected
to rise ‘too steeply’ then no resource holders will sell,siag a jump up in the current
price and thus reducing the expected rate of increase ower Bimilarly, if the resource
price is expected to rise ‘too slowly’ then all resource lotwill try to sell their entire
holdings, causing a jump down in the price and raising theetqal rate of increase. In
equilibrium the expected rate of increase must be ‘justthigle. w1 /Wit = 14 p.

INote that | just give very brief answers here for you to chegéirmst. Explanation and calculation is required in
the exam!
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3.2.

3.3.

3.4.

3.5.

3.6.

3.7.

3.8.

Check lecture notes. Resources are available in a fikemyn, finite quantity, with
zero extraction costs. Regarding their role in the productiinction, the elasticity of
substitution between resources and other inputs is 1. Ifakeurce share is small, this
implies that changes in the quantity of resource inputs mekglittle difference to the
quantity of production. Perhaps resources could be sontedfianergy input; they are
necessary, but resource use per unit of production can appmero. They seem to be,
in some sense, ‘waste’, i.e. not incorporated in the finatipco.

For part (a), note that if resource use is declining atealfrated then we can write

R = Roeiet.
Integrate this between 0 andto show that
6 =Ry/S

if the resource is to be asymptotically exhausted. For ggroéte that we can write
K = sY, henceK /K = sY/K. For the final part, the answer is

_1-a-p B
Oy = h-T,

g 0.

(&) WriteY —C = sY on balanced growth, and then find expressiorkf;éK .
(b) Differentiate the production function w.r.t. time aeh use the answer to part (a)
to show that

=1L gurn)

Finally, sinceY = yL thenY/Y =y/y+n, hence

o l-a-p B
vy = 1—a A 1-q"
(c) If yis constant then
l-a-B P
1—a A1 g"
hence nzligiﬁgA.

This implies that—given reasonable values for the pararseta slow rate of
technological progress allows a rather rapid rate of pamuiarowth.

(d) To enrich the model further we could make growtijnendogenous (endogenous
growth), and also the saving raeza¢éRamsey).

(e) When population growth stops then we have

1-a-8

1-a da.

Oy=0v =

() The fact that there is a fixed quantity of land puts a smafigty on the growth

rate that can be achieved, compared to a situation in whiwth i unlimited so
B=0.

Here we aren't told anything about resource prices.r&fbee you should state what

you assume. In the spirit of the ‘Limits’ model we assume thay are free. So we
have growth based on increasing labour productivity, asdugces get ‘sucked in’ due
to the Leontief production function and the fact ti#qt either doesn’t grow at all, or
(when it grows) the growth rate declines over time. At somiaipiie stock runs out
and the economy crashes. Concerning the views of the ¢ritifex to the literature.

No. ‘Their model is based on capital accumulation andsdnot allow us to better

understand or test the strength of the three mechanisms.give

Check lecture notes. The key ones are ‘depth’, teclgyadod wages. The effects of

the latter two tend to cancel each other out.

(@) px = ay/x.



(b) The expressions are:

X/X: eax* 90X7
Px/ Px = Y/Y — X/
and y/y=(1—a)Ba+ ax/x.

(c) In the primitive economyy is constant because the extraction rate is very low.
Furthermore we are told th&fy = 8. So we have

X/X = an,
Px/Px =0,
and y/y = Bax.

Over time the extraction rate increases, &aan no longer be assumed to be
constant. That is, the economy leaves the initial b.g.p.
(d) It should look something like the following figure.

GDP

In scale

quantity

price

time
(e) When the resource is close to exhaustion and there angstitstes then extrac-
tion costs become irrelevant and scarcity takes over. Bh#teé price rises at the
discount rate, and resource use declines exponentialbrtsazero:

Px/ Px = p.

4. Resource demand and pollution: Solow’sthree mechanisms

41. (@Y=[AL)E+ (ARR)E]l/S. The parametes must be negative.
(b) Labour: Workers.
Resource: Tons / day.
AL Widgets/(workeay).
Ag: Widgets/ton.
(c) Relative factor sharesy L/(wgrR) = [A_L/(ArR)]%.
4.2. (a) 91 houses per week total, 0.91 per capita.
(b) Hmm. Now it's 909. Seems like rather alot ...
(c) In the first casev, = 0.826,w, = 0.826, andw;Qa/ (WpQp) = 10.
In the second case, = 0.826,w, = 82.646, andwaQa/ (WpQp) = 0.1.
(d) The rate of housebuilding doubles, with input quarditad relative prices con-
stant. S, andK, are both doubled.
4.3. The Lagrangian should look something like this:

L =py[(KitGit)€ + (ketGre) €] € — Wa(Zt + zrt) — (Wi Qe + Wrt Gt )
— A (ke — Qikie128) — Are(ket — Crker—120).

You should find thaty /zz = wiq;/(Wrqr). Sincee < O there is a stable b.g.p., along
which the factor shares are such that, =wiq /(Wi g ) = (/1) ?. So sustainability
under resource constraints is no problem, a bit like in DHE®HSS you get sustain-
ability by investing in capital, here you get it by investimgknowledge. In both cases
very optimistic assumptions are made about the long-rummetto such investment.



4.4. (a) The first thing to get a grip on here is the rebouncceffegeneral. Assume that
energy efficiency in production of good 1 increases by 1 percH there is no
rebound (i.e. no reallocation of labour between goods 1 atided energy use in
production of good 1 will go down by 1 percent, whereas enagsgyin production
of good 2 will be unchanged. The percentage drop in totalggneseR will then
be

ri r
R ri+ry

Soif nr = —r1/(r1+r2) then there is no rebound effect.

Next note that in cases (i)—(iv) we have the following: (i) rebound; (ii) no
rebound; (iii) negative rebound; (iv) positive reboundeTkasons are as follows:
() no reallocation of labour; (ii) there is a reallocatiohl@bour, but it makes no
difference as the products are equally energy-intensivergallocation towards
low-energy products, therefore negative rebound; (ivjoeation towards energy-
intensive products, therefore positive rebound.

(b) Since we know that many products use energy, and thafjghgically accounts
for anything from 1 to 15 percent of factor costs, we know tiebund effects of
energy-saving technological progress may commonly beeitegative or posi-
tive, with progress on product categories which are alr@dttyw energy intensity
leading to negative rebound. On the other hand, progressoolugt categories of
high energy intensity may lead to more rebound. But note ofs®that the latter
type of product may account for much more energy use.

Regarding policy, given the complex results described abawcareful study of
each case is needed to judge the overall effects of policgastenergy-efficiency
in a given product or set of products.

4.5. (a) Youshould find that unit costs, and hence the gyj¢es given by

W, We
A A
(b) From the demand function aivd= AcE we have

-n

(c) For simplicity let's assume that = 1, as given at the start of the question. Then

we have
-1
Wi
E=a (ITAe +We) )

and the elasticities are

W Ae
Nae = —% and Nwe=—wa——
LT + We A + We

(d) The elasticities are5/6 and—1/6. So energy demand is more sensitive to energy
efficiency than it is to the price of energy. (Why is this, itittely? It has to
do with the factor share of energy ...) On the other hand, i beeasy for a
regulator to raise the price of energy, but very hard to raisgy efficiency. And,
of course, a rise in the energy price may be required on effigigrounds (i.e. a
Pigovian tax).

(e) In the long run demand elasticity is likely to be greasereffects build up over
time, thus reducing the effect energy-efficiency improveta¢because of greater
rebound) and increasing the effect of energy-price ine®ad-urthermore, an
energy-price increase should lead to energy-efficienagages over time.

4.6. For (a), the production functions from question 3.3 ldalo fine, with adjusted no-
tation. For (b), note firstly thaD is cheaper, hence it is preferred@ Furthermore,
its knowledge is also easier to build through research. El@nbas an unambiguous
advantage oveC, and (if prices are exogenous and fixed) oblyvill be used. (c) The
regulator, in order to encourage a switch frénto C, must make a one-time interven-
tion to makeC more attractive thaD; Once firms prefe€, investment will go that way,
andC will remain dominant.



47. (@ pL/(pR) =a/(1-a).

(b) wiL/WmR)=a/(1—a).

(¢) WC/(WgD) = (C/D)* = (Wie/we) ~5/(1-%).

(d) C enters the market and takes a share in accordance with dsveeprice (or
guantity if that is the exogenous variable.

(e) Fits reasonably well, although the instant adaptatioof icourse oversimplified.
At least, that's my story.

(f) Short-run policy to favour renewables will never be egbu (Compare to Ace-
mogluet al 2012.)

4.8. Examples of possible functions....

@ Y = [(kia)® + (kear)?]VE.
(b) Y = min{kq, [(kele)® + (kata)€]Y/ 5}
© Y = (q)TYE % Yo = [(kete)® + (Kgag)¥] Y%

5. Pollution

5.1. The difference is caused by a number of factors. On #sstrce’ side it is simple: re-
source prices have remained remarkably constant, as sieggaroductivity of extrac-
tion inputs is approximately matched by increases in theggrof those inputs (which
is not surprising since the productivity of those input®atecreases in other parts of
the economy) while increasing depth (or decreasing qualityhe marginal resource
deposits has had little effect on the price.

The ‘pollution’ side is more complex, because the costs oitterg pollution are
twofold: firstly, the costs of buying the input that giveseri® the polluting emissions,
and second the cost of paying for Pigovian taxes (or coste$enh due to other regu-
latory instruments; for instance a ban on emitting a pofititarresponds to an infinite
unit cost of emissions). The former cost is constant, whsttealatter rises as a function
of GDP (the higher is GDP, the higher is the willingness to foegvoid suffering a given
level of pollution). As long as the latter cost is small ralatto the former, polluting
emissions will behave like resource use. But when the laéeomes large compared to
the former the overall cost of polluting starts to rise, antlyting emissions are braked.

This explains why polluting emissions might level off, bubywould they fall so
steeply? This will happen if the price rise makes some othaayxction process (which
uses a differentinput, or involves end-of-pipe cleanugefollutant) becomes cheaper
than the polluting process. At this point polluting emissidall rapidly to a new level,
which is determined by how clean (or polluting) the new pesds.

5.2. (a,b) The marginal costs are input costs plus damages:

MC1 = wi + W(A L)Y 9RY;
MC, = Wl(lJr y)

(c) The marginal benefits are identical for the two inputs:
MB; =MB; =aY/R.

(d) The condition is
wiy/g = (ALL)Y R,

and it implies that agy andL grow (also causing; and hencér to grow) there
comes a point when it is better to use inpitinstead ofX;.

(e) If the economy is optimally regulated th&will initially be produced using«s,
and X; (and also pollution flows) will grow at a high rate (close te thverall
growth rate). As GDP increases, pollution damages becaognédisant, and brake
the growth inX; somewhat (this could be through the use of a Pigovian tax, for
instance). Then, when the condition above is fulfilled, #re hecomes so high
that the economy switches totally to inp(t. (Alternatively, inputX; is banned.)

(f) If there are multiple alternative inputs then this pregeould be repeated many
times.

(9) If the alternatives were imperfect substitutes thentthesition from one input to
the other would be more gradual (but still potentially gaibeupt).



6. Labour supply and sustainable development

6.1. (a) Labouhis the same as| (we are told this). And if the wage is then con-

sumption isvh =w(1—1). Andw is of course linked to productiviti.

(b) Thisis ‘status’, the ratio of own consumption to averagasumption.

(c) The three arguments—consumption, status, and leisare-poorly substitutable
for one another. If the price of one of them falls, we will sgdess money on it
rather than more. This implies< 1.

(d) The inputc;/cis always equal to 1 in symmetric equilibrium. When produitti
is very low both consumption and leisure will be very how, teq /C is greater
than the other two. As productivity increases householdsipize the inputs in
short supply, i.e. consumption and leisure. They consume nwit also reduce
their labour hours.

(e) When productivity is high both consumption and leiswae grow without bound,
while the status termis locked at 1. Hence it falls below tie s, and households
give it increasing attention, supplying more labour in amed attempt to raise
ci/C. Hence labour supply stops falling, and consumption comesirto rise.

(f) Asocial planner would let labour supply approach zerprasiuctivity approached
infinity.

(g) Maybe we need policy instruments to help us chill out mbegping to solve the
consumption externality.

6.2. The externality could also affect patterns of consumnpiVe should tend to focus more
and more on goods that give status. But what goods give 8tétitss energy-intensive
goods such as big houses, powerful cars, and internati@val then we are in trouble.
But maybe this will change over time...

6.3. (@) If 1 work hard this pushes wgfor everyone else, lowering their utility. My status

rises, their’s falls.

(b) Because of the above, everyone works hard (sacrificisgrie) playing the zero-
sum status game. Ifthey could all agree to chill out more thewyld all be happier.

(c) The regulator could impose a tax on income (or consumptio reduce labour
supply. See below for how to work out the level of the tax.

(d) The extended model (previous questions) is more retevacause here we see
that the strength of the status effects increases in a ggpe@onomy, causing
increasing problems. Potentially we can also explain condion patterns with
this kind of model.

To solve for optimal policy, first take the tax as exogenouswark out how much each
household chooses to work. To do so, substitute into thiéafiiinction to yield

u=[li(1—1)+It]* (R—1;)*/c.
Take the first-order condition ifp and solve to show that
li=aR—(1—a)lt/(1-1).

So when income tax is zetp= aR: as labour income dominates the utility functian (
high) households devote more of their time to labour andttekssure.

Now assume a symmetric equilibrium such that average ldhbswqual to the labour
supplied by householidl;. Inserting this into the above result we have

- aR
@) =i eyaon

Now the question for a regulator is, what level of tarmaximizes utility for house-
holds? Economic theory tells us that if markets are perfem the optimal tax should
be zero, henck = aR. But if there is a consumption externality—i.eci$ > 0—then
this no longer holds.

To solve the problem, we insert the expressionffas a function of into the utility
function—noting that in symmetric equilibriug) = c and (as already statell)}=1—
to obtain

aR aR 1-a

Clira—oras r)} {R_ I+ (1-a)r/1-1)




Simplify to obtain

U= Rl—azaalw—(l—az)(wi a)l—a

where w=1+1-a)t/(1-1).

3

Take the first-order condition it to solve for the optimado, and then use the definition
of w to solve for the optimal tax:

az
T= .
ay+ a2

(b)

So, the stronger the weight of ‘conspicuous consumptionitility, the more labour
income should be taxed.

How big is the effect? Assuming conspicuous consumptioreas! weight to con-
sumption in utility then labour income should be taxed at fcpnt. The effect of the
tax is to reduce labour supply by a factor And if leisure has 50 percent weight in
utility (implying thata = 0.5 so in laissez-faire the individuals would work 8 hours and
have 8 hours of leisure time, assuming that 8 hours are ndedskkep) therw = 1.5,
so labour supply is reduced by one third.
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