
Appendix D: Brain drain in Bhutan: its impacts and countermeasures

The model equations, variables, and parameters

Sets

i, j sectors (primary, manufacturing, electricity, services, and public)
h factors of production (skilled, unskilled labor, and capital)
lab labor (skilled and unskilled labor)

Endogenous Variables

Yj composite factor
Fh,j the h-th factor input by the j-th sector

Flab,j and FK,j are labor and capital inputs by the j-th sector
Xi,j intermediate input
Zj output of the j-th good
Xp
i household consumption of the i-th good

Xg
i government consumption of the i-th good

Xv
i investment demand for the i-th good

Ei exports
Mi imports
Qi Armington’s composite good
Di domestic good
Sp private savings
Sg government savings
T d direct tax
T zj production tax
Tmj import tariff
Trg government transfer to household

pfh the h-th factor price

pflab and pfK are labor and capital prices
pyj composite factor price

pzj supply price of the i-th good
pqi Armington’s composite good price
pei export price in local currency
pmi import price in local currency
pdi the i-th domestic good price
ε exchange rate

TFlab total employed workforce
DFlab labor employed in the domestic market
RFlab labor employed in the foreign market
LRlab Leisure
Rm Remittances
CC composite consumption of goods
UU utility

ptflab composite labor wages

pdflab labor wage rate in the domestic market
pcc composite goods price
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Exogenous Variables

τd direct tax rate
τzi production tax rate
τmi import tariff rate
τg government transfer rate
ssp average propensity for private savings
ssg average propensity for government savings
pWe
i export price in US dollars
pWm
i import price in US dollars
FFh factor endowment of the h-th factor
Sf foreign savings in US dollars
LFlab total labor force

prflab foreign labor wage rate
CPI consumer price index

Parameters

axi,j intermediate input requirement coefficient
ayj composite factor input requirement coefficient
mui government consumption share
λi investment demand share
δmi share parameter in Armington function
δdi share parameter in Armington function
γi scale parameter in Armington function
ξdi share parameter in transformation function
ξei share parameter in transformation function
θi scale parameter in transformation function
ηi substitution elasticity parameter
φi transformation elasticity parameter

βh,j factor share parameter in production function
bj scale parameter in production function
αi share parameter in composite consumption
a scale parameter in composite consumption
α1 share parameter in utility function
α2lab share parameter in utility function

Btflab scale parameter in labor transformation function

δrflab share parameter in labor transformation function

δdflab share parameter in labor transformation function
κlab labor transformation elasticity parameter
ρu substitution elasticity parameter in utility
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Model Equations

Domestic production behavior

Yj = bj
∏
h

F
βh,j
h (1)

Fh,j =
βh,jp

y
j

pfh,j
Yj (2)

Xi,j = axi,jZj (3)

Yj = ayjZj (4)

pzj = ayjp
y
j +

∑
i

axi,jp
q
i (5)

Government behavior

T d = τd

∑
lab,j

pflab,jFlab,j +
∑
j

pfK,jFK,j

 (6)

T zj = τzj
(
pzjZj

)
(7)

Tmi = τmi (pmi Mi) (8)

Trg = τg

T d +
∑
j

T zj +
∑
j

Tmj

 (9)

Xg
i =

µi
pqi

T d +
∑
j

T zj +
∑
j

Tmj − Sg − Trg

 (10)

Investment and savings

Xv
i =

λi
pqi

(
Sp + Sg + εSf

)
(11)

Sp = ssp

∑
lab,j

pflab,jFlab,j +
∑
j

pfK,jFK,j + Trg + εRm − T d

 (12)

Sg = ssg

T d +
∑
j

T zj +
∑
j

Tmj

 (13)

Household behavior

Xp
i =

αi
pqi

(pccCC) (14)

CC = a
∏
i

Xp
i
αi (15)

CC =
α1

pcc

(
factor income + Trg − T d − Sp

α1vpcc1−v +
∑
lab α2vlabp

tf
lab

1−v

)
(16)

LRlab =
α2lab

ptflab

(
factor income + Trg − T d − Sp

α1vpcc1−v +
∑
lab α2vlabp

tf
lab

1−v

)
(17)

factor income =
∑
h,j

ptfh,jFh,j +
∑
lab

ptflabLRlab + εRm (18)
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Export and import prices and the balance of payments constraint

pei = εpWe
i (19)

pmi = εpWm
i (20)∑

i

pWe
i Ei + Sf +Rm =

∑
i

pWm
i Mi (21)

Transformation between exports and domestic goods

Zi = θi

(
ξeiE

φi
i + ξdiD

φi
i

) 1
φi

(22)

Ei =

(
pzi θ

φi
i ξei
pei

) 1
1−φi

Zi (23)

Di =

(
pzi θ

φi
i ξdi
pdi

) 1
1−φi

Zi (24)

Substitution between imports and domestic goods (Armington composite)

Qi = γi (δmiM
ηi
i + δdiD

ηi
i )

1
ηi (25)

Mi =

(
pqi γ

ηi
i δmi

pqi

) 1
1−ηi

Qi (26)

Di =

(
pqi γ

ηi
i δdi
pqi

) 1
1−ηi

Qi (27)

Labor transformation between domestic and foreign employment

TFlab = Btflab

(
δrflabRF

κlab
lab + δdflabDF

κlab
lab

) 1
κlab (28)

DFlab =

(
Btflab

κlab
δdflabp

tf
lab

pdflab

) 1
1−κlab

TFlab (29)

RFlab =

(
Btflab

κlab
δrflabp

tf
lab

εprflab

) 1
1−κlab

TFlab (30)

Rm =
∑
lab

prflabRFlab (31)

Market clearing conditions

Qi = Xp
i +Xg

i +Xv
i +

∑
j

Xi,j (32)

LFlab = TFlab + LRlab (33)∑
j

Flab,j = FFlab (34)

Kj = K0j (35)

pflab,i = pflab,j (36)

Utility

UU =

(
α1CCρ

u

+
∑
lab

α2labLR
ρu

lab

) 1
ρu

(37)
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Consumer Price Index

CPI =
∑
j

(
pqjX

p0
j

Xp0
j

)
(38)
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