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Instructions

ECON4925

This	is	some	important	information	about	the	exam	in	ECON4925.		Please	read	this	carefully	before	you	start
answering	the	exam.
	
Date	of	exam:		Tuesday,	17	December	2019
		
Time	for	exam:	14.30	-	17.30	(3	hours)
	
The	problem	set:		The	problem	set	consists	of	2	questions	with	several	sub-questions.		Question	1	counts
60%	of	the	total	grade	(each	sub-question	is	given	equal	weight)	and	Question	2	counts	40%	of	the	total	grade
(each	sub-question	is	given	equal	weight).	
	
Sketches:	You	may	use	sketches	on	all	questions.		You	are	to	use	the	sketching	sheets	handed	to	you.		You
can	use	more	than	one	sketching	sheet	per	question.		See	instructions	for	filling	out	sketching	sheets	below.	It
is	very	important	that	you	make	sure	to	allocate	time	to	fill	in	the	headings	(the	code	for	each	problem,
candidate	number,	course	code,	date	etc.)	on	the	sheets	that	you	will	use	to	add	to	your	answer.		You	will	find
the	code	for	each	problem	under	the	problem	text.	You	will	NOT	be	given	extra	time	to	fill	out	the	"general
information"	on	the	sketching.
	
Access:	You	will	not	have	access	to	your	exam	right	after	submission.		The	reason	is	that	the	sketches	with
equations	and	graphs	must	be	scanned	in	to	your	exam.		You	will	get	access	to	your	exam	within	2-3	days.
	
Resources	allowed:	No	written	or	printed	resources	-	or	calculator	-	is	allowed	(except	if	you	have	been
granted	use	of	a	dictionary	from	the	Faculty	of	Social	Sciences).
	
Grading:		The	grades	given:		A-F,	with	A	as	the	best	and	E	as	the	weakest	passing	grade.		F	is	fail.
	
Grades	are	given:		January	6,	2020
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Attaching	sketches	to	this	question?
Use	the	following	code:

	
Fill	in	your	answer	here	and/or	on	scantron	paper
	

Maximum	marks:	0



Question 1
Attached



Final Exam

Question 1: Resource Extraction.

You study a discrete time resource extraction problem. The resource Et is used to produce
final output Yt:

• Yt = AtK
κ
t E

ν
t , where ν + κ ≤ 1.

The technology levels in the final goods sector At evolves exogenously. Capital evolves as

• Kt+1 = Yt − Ct (full depreciation).

The resource flow Et reduces the available stock Rt:

• Rt+1 = Rt − Et.

The initial resource stock is R0 and it cannot be negative: Rt ≥ 0 for all t ∈ IN. A social
planner maximizes the stream of discounting future utility

∑∞
t=0

βtu(ct) with u(ct) = ln ct.
You will solve this extraction problem analytically, step by step.
Note: You do not have to verify second order conditions.

i) Using the definitions kt ≡ logKt and xt ≡
Ct

Yt

, express the utility u(ct) in terms of the
consumption rate xt and log-capital kt.

ii) Express the equation of motion for capital in logs and in terms of the consumption rate
and next period log-capital.

iii) What are the two relevant endogenous states of the control problem? Is there another
relevant (exogenous) state?

iv) Write down the Bellman equation with a general value function and discount factor β.
Include the constraints of the optimization problem.

v) For a trial solution, assume a value function is of the form V (Rt, kt, t) = ϕR,tRt+ϕkkt+ϕt.
Solve the first order optimization problem for consumption on the r.h.s. of the Bellman
equation.

vi) Solve the first order optimization problem for the resource flow on the r.h.s. of the
Bellman equation.

vii) Interpret the two optimality conditions.

viii) Determine the shadow value ϕk and the equation of motion for the shadow value ϕR,t.

ix) Does the trial solution work? Explain!

x) Relate your findings to Hotelling’s rule. What determines the initial price of the resource?
In what way does that differ from the determining the initial price of capital?



xi) Solve for the initial value of the resource ϕ0 as a function of the initial resource stock.

Question 2: Fishery economics.

A planner seeks to determine the optimal fishing quotas Ht for his coastline solving the
problem

max
{Ht}

∫ ∞

t=0

exp(−rt)
√

StHtdt

s.t. Ṡt = g(St)−Ht , HtSt ≥ 0

S0 given

where r is the interest rate and St the stock of fish in tons of biomass.

i) Interpret the optimization problem giving an interpretation to the objective function
and to the right side of the equation of motion for the fish stock.

ii) Set up the Hamiltonian and write down the necessary conditions for an optimum.

iii) Derive the Euler equation.

iv) Interpret the Euler equation.


