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Candidate	instructions

ECON4925	–	Reseource	Economics

This	is	some	important	information	about	the	postponed	exam	in	ECON4925.		Please	read	this	carefully	before
you	start	answering	the	exam.
	
Date	of	exam:		Friday,	January	17,	2020
	
Time	for	exam:	09.00	a.m.	–	12.00	noon	(3	hours)
	
The	problem	set:		The	problem	set	consists	of	two	questions.		They	count	as	indicated.	Start	by	reading
through	the	whole	exam,	and	make	sure	that	you	allocate	time	to	answering	problems	you	find	easy.	You	can
get	a	good	grade	even	if	there	are	parts	of	problems	that	you	do	not	have	time	to	solve.
	
Sketches:	In	this	exam,	you	may	submit	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	question	under	the	question	text.	You	will	NOT	be	given	extra	time	to
fill	out	the	"general	information"	on	the	sketching	sheets	(codes	for	each	problem,	candidate	number	etc.)	
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.

1 Question	1	-	50%

Resource	Extraction
Write	down	the	objective	of	a	representative	(competitive)	firm	that	extracts	oil.	The	extrac-	tion	costs	should
increase	in	the	amount	already	extracted	(as	reservoirs	shrink	extraction	becomes	more	expensive).	You	can
decide	whether	to	use	general	functional	forms	or	a	(reasonable)	example.	Use	continuous	time,	set	up	the
Hamiltonian,	and	derive	 the	Euler	equation.	 Interpret	 the	Euler	equation.	Relate	your	 result	 to	Hotelling’s
rule.
	
	
Fill	in	your	answer	here	and/or	on	sketching	paper
	

Maximum	marks:	50

2 Question	2	-	50%

Phase	Diagram	and	Tipping	Points
	
Fill	in	your	answer	here	and/or	on	sketching	paper
	

Maximum	marks:	50



Lakewood county’s lake used to be known for its clear water, a high amount of fish, and
many recreational visitors. Over the last decade, agricultural usage of the area expanded
and part of the fertilizer was carried by the watershed into the lake. While the locals noted
a slow increase in algae over the last years, this summer the lake suddenly ‘turned green’
from one month to the next. The dynamics of the phosphorous stock in the lake causing the
growth of algae is governed by the equation

ẋt = ct − αxt + f(x) (1)

where c denotes the phosphorous inflow. You will not need the precise functional form of f
(it is f(x) = x2

1+x2
but using “f” is fine for calculations and the relevant graphs are provided

below). Figure 1 depicts the ẋ = 0 curve.

i) What is α? What does the function f reflect? Use Figure 1 and the ẋ = 0 curve to
explain what happened in Lakewood county. For this purpose, copy the Figure into your
worksheet and illustrate your reasoning with arrows indicating the lake dynamics. Mark
an exemplary point indicating the state of the lake before and a point indicating the
state of the lake after the summer.

A social planner is now charged to optimally control the lake. She faces benefits from
consumption that are normalized to coincide with the phosphorous flow ct and she has to
trade-off these benefits against pollution costs as the pollutant stock xt accumulates. She
maximizes

W =

∫ ∞
0

(ln c− βx2)e−ρtdt subject to equation (1) and x0 = x̄.

ii) Set up the current value Hamiltonian and derive the Euler equation.

Figure 2 adds the corresponding ċt = 0 line into the phase diagram.

iii) Copy the Figure qualitatively into your notes. Draw arrows indicating the qualitative
dynamics of ct and xt into every region of the diagram (make sure to do it for all regions).
Derive the direction of the qualitative arrows formally from the ẋt and the ċt equations,
explaining what you are doing.
Hint: It is helpful to calculate the ċt = 0 line and use it in evaluating one of the
conditions.
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Figure 1: ẋt = 0 curve for Lakewood’s lake.

iv) Qualitatively, draw the optimal control trajectories (separatrix) into the figure. Is there
a Skiba point? If so, mark it. Briefly discuss the qualitative features of the optimal
dynamics assuming that the starting point is the “tipped” laked.
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Figure 2: Phase diagram: ẋt = 0 and ċt = 0 lines.




