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Objective

Pricing and valuation of
@ local currency fixed-rate deals,
o fixed-margin component of floating-rate contracts.

on underdeveloped financial markets.

Construct the term structure of interest rates (discount factors)
that take into account risks involved and also compensation for the
risk.
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Brief Overview

Tools
Yield Curve Construction

Software: Iris

Iris is a Matlab toolbox developed by Jaromir Bene$
(www.iris-toolbox.com).

Estimation, interpretation of history, forecasting, forecast integration,
decompositions, and much more.
It supports:

@ Solving rational expectations models
@ Both stochastic and perfect-foresight assumptions
@ Identification in both time and frequency domain

@ Database and time series handling
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http://www.iris-toolbox.com

Brief Overview

Tools
Yield Curve Construction

Forecasting tools

@ Structural medium-term macroeconomic model
o Flexible NK model of monetary transmission
o A standard model adapted to EM phenomena
¢ Used in practice by many EM central banks
@ Near-term forecasting tools
s Short-term models (ARIMA, VECMs, (B)VARs etc)
o Expert judgment and sector specific analysis

@ Data driven (black-box) techniques inferior to expert judgment
in emerging markets
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Brief Overview

Tools
Yield Curve Construction

Forecast based pricing

Use medium-term macroconomic projection providing

forecast of short-term interest rate

forecast of the exchange rate
forecast of the other variables
estimate of the current disequilibrium

probabilistic distributions for the forecasts
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Brief Overview

Tools
Yield Curve Construction
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Brief Overview

Tools
Yield Curve Construction

Conditional variance of zero-profit curve - Rwanda
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Brief Overview

Tools

Yield Curve Construction

Projection with confidence bands

@ Ratios of domestic shock
variances calibrated

@ Total variance of the model
estimated in two steps:

@ Variance of external
schocks independently

9 Subsequently the
total model variance
by ML
@ The central projection

independent of the
band-width.
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Brief Overview

Tools
Yield Curve Construction

Different approaches

Two risk based (i.e. whole forecast distribution matters)
approaches:

© Compensates only for local interest rate risk. Based on a local
currency float-to-fix swap (IRS).
© Compensates also for exchange rate risk, foreign term

premium. Based on cross-currency float-to-float and fix-to-fix
or float-to-fix swaps.
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Brief Overview

Tools
Yield Curve Construction

Measure of the price of risk

@ Trade-off between risk and return of some zero-investment
position measured by the ratio of its expected present value to
the standard deviation of this present value.

@ It is one possible generalization of the Sharpe ratio (SR) for
positions involving cash flow in multiple points of time. For a
single period position this coincides with the Sharpe ratio.
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Local interest rate risk approach

Compensating interest rate risk

@ The fixed leg rate of local float-to-fix swap set to compensate
the interest rate risk.

@ The interest rate risk is calibrated on some exogenous
reference value of the price of risk.

@ Does not include the exchange rate risk directly.
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Local interest rate risk approach

Compensating interest rate risk (cont)

The hypothetical zero-investment position is to roll-over short-term
borrowing for T periods in a local currency for F; and to receive
the fixed rate RT.

The rate R is determined by condition Sf(j((’JP‘{/’f)) = SR,er:
AT
(1+RT)T—E<<1+C> >
AT
std ((1 + C) >
AT
(1 + C) —n,(1+7)

PVis=D(T) <N(1+RT)T—N(1+6)T>.

— SRref7

where
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Cross-currency swap risk approach

Compensating exchange rate risk

@ The long-term rate set to compensate also for the exchange
rate risk.

@ Determined from cross-currency swap's present value
distribution and the price of risk.

@ A reference value for the price of the risk derived from a
similar contract for which we have either observable or
directly modeled characteristics — e.g. basis swap.

@ Term premium compensates for additional volatility of the
fix-to-fix swap’'s PV comparing to basis swap.

@ Co-movements of the exchange rate and the interest rate
decrease the risk of the basis swap.

@ Discount factors can be derived from swap rates
(bootstrapping).
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Cross-currency swap risk approach

Compensating exchange rate risk (cont.)

Present values of the basis swap and fix-to-fix swaps are:

T * -~ *
PNVbasis = Z B* (t) <N S'“Ort_l - N*F:—1> + B* (T) <N550 - N*>

t T

PNVfiX2le Z B* (N SSOR N*RT*> + B* (T) <N§50 - N*> 5
t T

The rate R7 of the tenor T is determined by condition:
E(PVion)  E(PVioss)
std (PVian ) std (PVpass
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Empirical results

Presented prototype yield curves are based on the January 2010
Rwanda forecast:
@ Projected short-term rate was compounded to get the base
zero-profit curve - shown as violet line.
@ The risk distributions result from all model shocks
unrestricted.
@ The yield curve based on the local currency interest rate swap
computed with the price of risk at 0.6.
@ Swap rates of fix to 3M USD Libor used to compute foreign
discount factors and long-term rates in construction of the
yield curve based on cross-currency fix-to-fix swap.
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Yield Curves, Rwanda baseline

Local Currency Yield Curves (per cent p.a.)
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Model equations

Supplement

Demand Side

IS curve has backward and forward looking terms, monetary
condition index, and foreign demand

Ve = a19e—1 + a2E[y]¢ + azrmciz—1 + a4(a5f/:flz +(1- a5)f/:flz) +ef

Real monetary condition index is a combination of real interest
rate gap and real exchange rate gap

rmciy = ag(—2¢) + (1 — ap)?:
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Model equations

Supplement

Supply Side

CPl inflation is a combination of food and ex-food inflations

me = asml + (1 — cs)m

Ex-food Phillips curve:
f :blE[TrXf]t =+ (1 — bl — b2 — b3)7T + b2 *OII im

xfood

+b 7Tt'm + b4rmc + el
Food Phillips curve:
_b5E[7T ]t + (]_ — b5 _ b6 _ b?)ﬂ't 1 + b6 *food im

food

+ bymy™™ 4 bgrmcf + €T
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Model equations

Supplement

Supply Side (cont.)

Real marginal costs in ex-food production:

f o A ~ oil
rmey’ = a3y + (1 — 3 — ca) 2 + cafpy’

Real marginal costs in food production:

rmef = a4+ (1 — a — @)z + cp?
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Model equations

Supplement

Monetary Policy

Policy rule:

i = dpis_1+ (1 — di)(E[7" )¢ + F: + dofte
+ dsfy + da8FVF/USDY | i
Inflation forecast deviation from the target:
fre = (¢ + ey + Mo +Tei3) /4 — E[1]:

Exchange rate depreciation rate deviation from its implied
short-term target:

~RWF /USD RWF /USD
S =ASs,; —

A Az
+ a57rs(£5 +(1- a5)(7rst;z + AssLéSD/EUR) — qler
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Model equations

Supplement

Uncovered Interest Rate Parity Condition

Short-term UIP:

RWF /USD . . RWF/USD
s! / _ E[SRWF/USD]t — (ip — I:US

prem)/4 + ¢
Long-term UIP:

= _=xUS 5
re=r, - + Az
( EZ _ US—I—A USD/EUR)/4

+ prem; — (Tg

Exchange Rate Expectations partly backward looking:

E[sRWF/USD], —¢ zrVIVF/USD +(1— gz)(Sf_Vl‘/F/USD
+2/4(Az; + "

— 357TUS (1- a5)(AssgSD/EUR + St;z )
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Model equations

Supplement

Expectations

Eln']e = nl4y
E[WXf]t = (11— C57T{+1)/(1 )
E[y]: = Jer1
E[r4]: = g + (1 — g1)7i
Eln®]e = (r¢" + w31 +mis +m3) /4
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Model equations

Supplement

Food Prices

food.i RWF /USD =
qfood,im _ 7_[_>f<1‘ood + ASt / — Az — AfpfOOd

; =
food food *
e =P — Pt
food __ food food
P2 = ™% + by
AT food
Arpfood —J7Arpf°°d + £ p
~ food .~ food ipfood
%" = jo Pt + et
*food food food
Tt = 4(p;>° — 27

Arpfood — 4( pfood rpio_od
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Oil Prices

il il RWF /USD
7_{_>f<otl,/m _ *OI/+A /

,n.*qoilt :J87T*qo’lt 1+ (1 _JS)ArPOIl

Model equations

Supplement

Aft — qr*qoil ¢

; =
oil oil *
Pt =Pt — Pt
oil oil ~ oil
rpy = Py + Ip;

Arpoll

~ oil ~ oil pel!

e = jiofbetq + et
ﬂ_:od 4(p?ll pi‘?ll1

mraoil . = 42 — pe )
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Model equations

Supplement

Exogenous Processes for Trends

Az = hpAZ 1+ (1 — hp)AZg + 22
Ae = hAFe_1 + (1 — h)ATss + €7
Aft == 4(2t — 2[-_1)
Ay = 4V — V1)

prem; = hzprem;_1 + (1 — h3)Fes +¢ +eb "
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Model equations

Supplement

Exogenous Variables

%S = 4(pi — i
miE = a(pit - piEf
oV = S+ (1 - )P+ E?US
i = i+ (L= T

it = (S + Y + 1 + ) /4

*4EZ __ xEZ *EZ xEZ *EZ
Tt = (7Tt LI S el P S )/4
i RWF /USD —
;" =m + As, / — Az
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Model equations

Supplement

Exogenous Variables (cont.)

pr = aspiYS + (1 — as)(piEZ + 5 °P/FVRY
7y = 4(p; — pPi_1)
i = hsm + (1 — hg)wl + E?m
S = jor S 4 (1 jo)tLS + e
it = 5% 4+ (1 B L ) el
AstUSD/EUR _ Ass(;SD/EUR I €tASUSD/EUR

StUSD/EUR _ Sth_le/EUR X AStUSD/EUR/4
Y7 = g 4
us

~xEZ __ : ~xEZ v
Ye T =JaYeo1 T &
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Model equations

Supplement

Real ldentities

rr = it — E[7T4]t

re =T +
Azt = 4'(21_L — Zt_]_)
RWF /USD
Zr = S / — pt + pr

zZe=2Z+ + 2

Ay = 4(}/t - Yt—l)
Ye =Yt + ¥t

year

Vi =We+ Y1+ Y2+ yi-3)/4
Ady, = (Ayr + Aye—1 + Dyr_o + Ay _3) /4

M. Cincibuch, A. Remo YC Construction On Underdeveloped Financial Markets



Model equations

Supplement

Nominal ldentities

7T? = (7Tt + Te—1 + ] + 7Tt_3)/4

f f £ f f
e = (ml + T 4w 3)/4

Wfo = (7Tf_ff + 7Tf_ff1 + 7T;_i2 + 7Tf_ff3)/4
Ty = 4(Pt - Pt—l)
£ f £
T = 4(Pt - Pt—l)
= a(p - piy
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Model equations

Supplement

Compounded Interest Rates

it = (ie + i1+ iro+ ir_3)/4
iP= (it +it4)/2
2= Q’f +if g)/3

2+t 1)/4

-~
-
=)}
—~ ) — /-\ —~ ) — —
(JJ 2

4xUS _ *US + I:US + I:US + I:U35)/4
8*US I *US *US)/2

12*U5 -8xUS 4xUS

i 2if +i787)/3

16*US 12*U5 4% US

It 3y + i 15)/4
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Model equations

Supplement

Excess Return

erf :s:?_V4VF/USD _SRWF/USD —I—if_ I;l*ﬁjs

erf = (131U — IV g 8 — ey
er® = (sty " sprusd )/3+ 02y — i
ol (U150 (UFIUS0) g, s
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