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Abstract

A VAR framework with exogenous variable is considered to analyse the exchange
rate pass-through dynamics in Kenya. Monthly time series data from January
2006 to December 2022 is used. Six endogenous variables namely; US dollar ex-
change rate, broad money supply, total import, 20 Nairobi stock exchange share
index, consumer price index and 91 days treasury bond rate sourced from the
central bank of Kenya were considered. Global food price index and oil prices
per barrel sourced from statista and Murban Adnoc respectively are the exoge-
nous variables. Unit root test is first performed to test for stationary in line with
VAR assumptions. Oil price and total import are the only stationary variables,
while the other variables are of integrated order 1. Secondly, a VARX (2,0) is es-
timated, which is statistically significant at 5% level. Thirdly, Granger causality
test is performed, that provide evidence of causality for 20 Nairobi stock ex-
change share index, consumer price index and broad money supply with respect
to other endogenous variables. In addition, VARX(2,0) is converted to MA(2) to
develop US dollars impulse response function. There exist high level of volatil-
ity for all variables. Finally, a forecast error variance decomposition following
Cholesky decomposition shows significant proportion of variance explained by
other variables respectively. Kenya’s policy makers need to build strong frame-
work for monetary policy and exchange rate control measures in safeguarding
the performance of macroeconomic indicators.
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1 Introduction

Exchange rate pass-through is a measure of how local or international prices re-
spond to change in nominal currency exchange rate. It’s usually expressed as a
percentage change in prices for a unit percentage change in exchange rate. In
economic theories, fluctuation in exchange rate tends to affect inflation behav-
ior, economic activities among other macro-economic indicators. According to
Hifner et al. [1] exchange rate pass-through effect on domestic prices is either
direct or indirect. The effect is directly felt where exchange rate fluctuations in-
crease production cost, import cost of finished goods and imported input cost.
This leads to an aggregate domestic prices increase. The indirect effect is felt in
relation to foreign market competitiveness on domestic goods. Depreciation of
local currency result to cheaper commodities in foreign market, which in turn
to increase in exports. Increase in export induce aggregate demand resulting to
increase in domestic prices. The overall effect is decreased production as result
of increase in price levels and production cost. This article investigates the dy-
namics of US dollar exchange rate pass-through in Kenya by considering a VAR
system consisting of six endogenous variables and two exogenous variables.

There exist several empirical research on ERPT (exchange rate pass-through)
both at local economies and regional blocks. Ndung'u [2] investigated foreign
prices levels, exchange rate, domestic prices and other macro-economic variable
interaction in Kenya using cointegration. The study observed inflation rate and
exchange rate drives each other. In addition, domestic credit, exchange rate and
foreign exchange reserve drive each other. There is no reverse effect for a ca-
sual relationship between domestic credit and inflation rate. Inflation rate and
exchange rate are dominant in their dynamic movements with little aide of other
variable shocks

Durevall et al. [3] analyzed inflation dynamics in Kenya from 1974 to 1996
where they established a long-run effect of exchange rate, foreign prices and
terms of trade on inflation. On the other side, money supply and interest rate
have a short-run effect on inflation. The study established a significant effect of
food supply constraints on inflation. Leigh et al. [4] used a recursive VAR model
to determine effect of ERPT on prices in Turkey. They established that exchange
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rate fluctuations effect on prices is mostly felt within the first four months but
effect is over after an year. The study provided evidence of pass-through to con-
sumer prices is low as compared to wholesale prices. Turkey has a larger pass-
through as compared to key emerging economies and it’s complete in a shorter
time. Gagnon et al. [5] developed a theoretical model to analyze the changes in
the rate of pass-through by considering central bank inflation stabilization mea-
sures for 20 industrial countries. There exist a significant link, which is robust,
between rates of pass-through and inflation variability. Declining rate of pass-
through is attributed to monetary policy behavior. Ihrig et al. [6] examined ERPT
to consumer prices and import prices and the decline in G-7 countries. There ex-
ists a significant decline in import prices response to exchange rate fluctuations.
A1 % depreciation in local currency induce 0.4 % increase in import prices in 15
years. Consumer price response to exchange rate fluctuations declined for every
country, though statistically significant in 2 countries only. Ca’Zorzi [[7] estab-
lished ERPT effect on consumer price and import is usually high in emerging
economies as compared to developed economies. There is evidence of a positive
relationship between inflation and the degree of ERPT as the Taylor’s hypothesis.
The study showed a weak empirical evidence of a link between import openness
and EPRT. Babecka-Kucharéukova [8] explore exchange rate shock transmission
in Czech republic consumer prices by considering impulse response estimate of
11 specifications. A VAR estimation strategy was first applied followed by ECM
(Error Correction Model)framework. A high exchange rate shock transmission
to all prices was observed with an ERPT value bound 25-30%.

Ocran [9] used an unrestricted VAR framework consisting of impulse re-
sponse and variance decomposition to evaluate ERPT to import, producer and
consumer prices in South Africa. The study established that 1 % shock in nomi-
nal exchange rate induced 0.125 % increase in CPI which is equivalent to a pass-
through elasticity of 13 %. Pass-through elasticity of producer prices changes af-
ter 24 months which implies that producer price inflation has a significant mod-
erating effect on CPI inflation. Sanusi [10] developed a structured VAR model
to establish pass-through effect to consumer prices by accommodating Ghana’s
dependence on foreign aid and commodity exports. He established a large in-
complete pass-through that implies exchange rate depreciation is a source of
inflation. Monetary expansion in Ghana is more important in explaining infla-
tionary process as opposed to exchange rate depreciation. Sansone et al. [11]]
performed a study to determine the level of ERPT to local prices and its evolu-
tion over time in Chile. Nominal ERPT to headline inflation is 14 % while core
CPI pass-through ranges between 4 % and 12 %. It takes three to four quarters
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for the effect of exchange rate movements to be fully pass- through to prices. Es-
tablishment of inflation targeting measures resulted in a decline in ERPT while
monetary policy measures did not affect pass-through as it remained fairly sta-
ble. Comunale et al. [12] used Bayesian VAR with zero and sign combination
restrictions identification to study ERPT in four European countries. The study
established that pass-through is not constant over time but at times depends on
economic shocks composition for the exchange rate. Exchange rate movement
that is triggered by exchange rate shocks and monetary policy results in strong
pass through. ERPT measure is high in four countries but violates pass - through
to import prices. Ghartey [13] established that depreciation in six non-carribean
currency countries are as a result of price increase. Appreciation results to de-
crease in prices. Implementation of monetary policy principles tends to ineffec-
tive in all countries. Foreign prices drive prices in Jamaica, Guyana and Belize.
91-days treasury bill rate have insignificant effect in all countries a situation that
call for controlling prices using exchange rates measures. Bonadio et al. [14]
analysed pass-through effect on import prices as a result of Swiss national bank
2015 action to discontinue minimum exchange rate policy. The study provided
evidence of an immediate and complete pass-through for goods invoiced in eu-
ros. For goods invoiced in Swiss francs, there is a partial and exceptionally fast
pass-through. Ha et al. [15] used a structural factor - augmented VAR model
by accommodating the nature of shock causing fluctuations in a currency and
specific country characteristics for 47 countries. There exists a wide different
pass-through ratios that is associated with global and different domestic shocks.
Country individual characteristics in terms of policy framework for monetary
policy regime and structural features for currency fluctuation matters. A coun-
try that has combined credible inflation targets and flexible exchange rate regime
has a low pass- through ratio . Its noted that independence of central bank fa-
cilitate in stabilizing inflation. Revelli [16] examined the how consumer price
index is affected by exchange rate pass-through in Kenya and Cameroon from
the period 1991 to 2013. The degree of exchange rate in Kenya varied between
0.18 and 0.58 over in year. The impulse response function supported the degree
of pass-through though lower at 0.3125. The study concluded that exchange rate
fluctuations are source of inflation in Kenya and Cameroon.
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2 Methodology

2.1 Data

In this study, monthly time series data for eight variables from 2006 to 2022 is
used. For a VAR framework, variables are either endogenous or exogenous. En-
dogenous are defined as variable who’s change is determined by relationship
with other variables in a system while exogenous variables are the one that tend
to behave as independent variable of a VAR system . Five variables are con-
sidered as endogenous variables, namely; 91 days treasury bond rate - TBR, 20
NSE (Nairobi stock exchange) share index - SI, consumer price index - CPI, broad
money supply - M3 (in Ksh. Billions ), US dollar exchange rate- USDR and total
imports - TI (in Ksh. Millions). All the endogenous variables were sourced form
CBK (central bank OF Kenya). Global food prices index -GFPI and Oil price per
barrel - OP (in US dollars) sourced from Statista and Murban Adnoc respectively
are considered as exogenous variable. McCarthy [17] and Ito et al. [18] exchange
rate pass-through mechanism is applied which follows the following pattern.

Oil = GAP = NERT = INT = M3 = IMP = PPl = CPI

where Oil -oil prices, NERT- nominal exchange rate, IMP- import prices, GAP
- output gap, INT- interest rate, PPI - producer price index and CPI - consumer
price index

2.2 Model
2.2.1 Unit root test
Testing for stationarity using unit root test is done follow the model:
k
AX,=50+51t+52Xt_1+;OC,~AX,_1—|—% (1)
i—
where AX;- first variable difference; 8y + 9,1 - linear trend component, and ¥

- error term.

Phillips-Perron test statistic is used, with the testing hypothesis as:
Hy: 6 =0, versus H; : 6, < 0.

At a 5% level of significance, total imports and Oil prices are stationary while
91 days treasury bind rate, 20 share index, customer price index, broad money

5
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Table 1: Unit root test results

P-P test
Variable | Statistic | p value | Statistic | p value
(in level) (1st A)

TBR -17.49 0.1182 | -143.29 0.01
SI -7.35 0.6949 | -194.86 0.01
CPI -4.08 0.8811 -99.16 0.01
M3 -0.29 0.99 -206.55 0.01
OP -44.92 0.01

GFPI -10.96 0.49 -76.89 0.01
USDR -18.81 0.08 -118.99 0.01
TI -52.40 0.01

supply, global food price index and US dollar exchange rate are stationary at
first difference as shown in table[1] Variables that are stationary after the first
difference are considered for analysis.
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2.2.2 VAR estimation

Consider two univariate Auto-regressive (AR) process y; and y,, with each vari-
able being dependent on itself lagged, the other variable current and lagged val-
ues.

Yi(r) = V10 + Vi2Ya(e) + Qiyig—1) + 02y2¢-1) + Eigr) (2)

Ya(r) = V20 + Va1yi(e) + 021Y1(—1) + 022Y2(:—2) + &) 3)
Equation(2) and (3) forms a structural VAR that is denoted in matrix form as

y1(z)] _ {Vm} N {0 VIZ} |:y1(t):| N [0611 0612] {ym)} N [51(;)] .
{yz(z) V20 var 0 [y a2l o22] |y Ear) @
Equation (4) in matrix notation for m variables and p lags is represented as

yi=VH+Aoy +Ay—1HAy o+ A+ & (5)

where y;, v and & are m x 1 column vectors and Ag,A1, A, ..., A, are m x m coef-
ficient matrices and vector &; is an m-element vector of white noise disturbances.
Subtracting Agy; on both sides of equation , it reduces to;

(I—Ao)yr =V+Ay—1+Ay2+ - +Ap-—p+& (6)
Diving through with (I — Ay), equation (6) reduce to
ye=(I—A0)"'V+(I—Ag) Ay + (I —Ag) Aayr 2+ +
(I—A0) ' Apyi—p+(I—A0)'& (7)
Contracting the constants, equation (7) reduces to general VAR(p)
Vi =c+PBryi—1+Boyia 4+ Bpyi—p+ s (8)

In term of lag operator
yi=c+B(L)y—1+ (9)

where y; is a vector of endogenous variables. In case of exogenous variable,
variables that are independent of the system, equation (9) turns to be VARX (p,s)
model as shown below

Vi =c+B(L)y;—1 +P(L)x; + W (10)

7
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Table 2: Information Criteria results

AIC(n)

HQ(n) | SC(n)

FPE(n)

2

2 2

2

The number of lag to be considered is 2 as shown in table 2] thus the order of
equation(10) is VARX(2,0) given as

USDR, 1 [Bu' Bia' Bis' B! Bis'] /USDR,
TBR, 2 B! B! Bx' Bu' Bos' TBR; 4
M3, a3 |+ B! B Bl B! Bas' M3,
CPI; ¢4 Bu' Bu' Bi' Bu' Bus' CPl—y
Sk €5 _1351l Bs2' Bs3' Pss' ﬁssl_ St
Bii® Bin® B3> B’ Bis’| [USDR, , O
B’ B Bos® Bos® Bos’| | TBR. > ¢
Bsi® B B’ B’ PBss’ M3, > |+ | ¢ |GFPL+u (11)
[3412 [3422 [3432 [3442 [3452 CPl— ¢4
_[3512 Bs2> Bs3® Psa 13552_ Sh—2 9s
The estimate of equation is given as:
USDR; 0.1888 1.2100 —0.0101 0.2196 —0.0928 —0.0609
T BR; —1.9618 0.6290 1.1440 —1.2793 4.0354 0.1046
M3, —0.0273 | +|1—0.0834 —0.0020 0.9292 0.0303 —0.0035
CPI; 0.1031 —0.0332  0.0081 0.0233 1.4230 —0.0054
ST —0.1035 —0.4274 —-0.0106 0.3166 —0.4300 0.9602
USDR;_ [—0.3049 0.0036 —0.2433 0.1846 0.0679 USDR;_»
TBR,_ —0.2566 —0.2436 0.8529 —3.3583 —0.0005 TBR;_»
M3,y 0.0688 —0.0006 0.0257  0.0535 0.0125 M3;_»
CPI,_, 0.0257 —0.0076 0.0208 —0.5037 —0.0004 CPIl,_»
ST | 0.4877 0.0219 —-0.2722 0.2958 0.0095 SI_»
—0.0045
—0.0126
0.0036 | GFPL+u, (12)
—0.0013
0.0630

+
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with

2714 x 107*  0.00011  3.139x 1077 7.949x10% —1.897x10°*

1.062x 10~%  0.0150196 —1.494x 10~* —2.960 x 107> —3.432x10~*
Yu=]3.139x1075 —0.00015 1.391x107% 9.243x107® 4.939x 107>

7.949 x 107°  —0.00003 9.243x10°°  3.393x10° —5.621x107°
—1.897x107* —0.00034 4.939x 10> —5.621x107° 3.214x1073

Performing likelihood ratio test, gives a chi-squared value of 2262.72 with 75
degree of freedom and p-value = 0.001. VARX(2,0) model is statistically signifi-
cant at 5 % level.

2.2.3 Granger Causality

Granger Causality developed by Granger [19]], is stated as an observed series Y;
is causing observed series X; represented as ¥; = X; i.e

o*(X|U) < c*(X|U—Y)

Hamilton [20] developed Granger causality model for autoregressive lag length

(p) as
X =ci+x(L)X;—1 +n(L)Y; -1+ (13)

The test statistic is

(RRSo —RSS1)/p
RSS1 /(T —2p—1)

~F(p, T—-2p—1)

with RRS) is the sum of squared residual for x; which is a univariate autorgers-
sion under the null hypoyhesis and RRS| is the sum of squared residuals from
equation (13). The null hypothesis is 17; = O for all i versus an alternative of at
least one 1; # 0. The null hypothesis model is given as

Xi=co+ Y(L)thl + T (14)

US dollar exchange rate at 5% level does granger-cause 91 days treasury bond
rate, 20 NSE share index, consumer price index and broad money supply as
shown in table 3| Similarly, 91 days treasury bond rate and consumer price index
at 5% level do not granger-cause the other endogenous variables. However, it’s
noted that broad money supply and 20 NSE share index granger-cause the other
endogenous variables at a 5% level.
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Table 3: Granger causality result

Granger-cause | F-Test | df1 | df2 | p value
USDR 1.548 8 | 880 | 0.1368
TBR 1.293 8 | 880 | 0.2433

SI 2.548 8 | 880 | 0.0095

CPI 1.935 8 | 880 | 0.0518

M3 2.858 8 | 880 | 0.004

2.2.4 Impluse Response Function

A VAR(p) equation (8) in vector MA(eo) is written as

Xi=x+&+o(L)&_y (15)
where ¢ is interpreted as
aXt+s
= 16
os e/ (16)

The elements of matrix ¢ in the i’ row and j"* column, is a representation
of the effect for a unit positive change in the j* variable innovation at a partic-
ular date t(¢j;) for i'" variable value at time 7 + $(Yis+s), while holding all other
variables constant for all other dates. Assuming all the elements of & are simul-
taneously changed by respective &;, then the combined effects on the values of
X+ 1s given as

aXH—S a)(l-i-s 8Xl‘+s
AX, o .. S — 0.8 17
T dey e dey Okt o€ (17)
where § = (81, 8,,...,8,)' The impulse response function is a plot of the " row,
j™ column element of ¢;
aXi t+s
De. 18

By definition, impulse response function describes the response of X; ;s to a
one-time shock in Xj; while holding all other variables constant or dated t.

For one standard deviation in US dollar exchange rate, causes the exchange
rate to respond positively for 7 months as shown in figure 1| A stable condition
is attained after 18 months. There is high volatility between the 7 month to
the 20" month. 91 days treasury bond responds positively for one standard de-
viation in US dollar exchange rate as shown in figure [2l The effect is highly felt

10
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USDR's shock to USDR
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|
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Figure 1: Impulse response function plot (on USDR)

within the first 10 months, as it then approaches zero. There is high volatility for
the first 20 months period. The impulse in US dollar exchange rate has an effect
on CPI volatility as shown in figure |4, CPI fluctuate around zero for one stan-
dard deviation in US dollar exchange rate. Similarly, US dollar has an effect on
broad money supply volatility as shown in figure 3| 20 NSE share index respond
negatively for first 12 months to one standard deviation in US dollar exchange
rate, figure 5| There exist a notable high volatility between the 4"* month to 20"
month.

2.2.5 Error Variance decomposition

Cholesky decomposition is a matrix factorization method for a positive define
matrix given as
Q=PprpP (19)

11
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USDR's shock to TBR
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Figure 2: Impulse response function plot (on TBR)
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Figure 3: Impulse response function plot(on M3)
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USDR's shock to CPI
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Figure 4: Impulse response function plot (on CPI)
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Figure 5: Impulse response function plot (on SI)
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where P is Choleski factor which is lower triangular matrix.
Q - E(H[‘LL[/) - SE(S[E[/)S/ - SS/ (20)

for E(g¢€) = I assuming orthonormal structural disturbances . S is lower trian-
gular matrix which is equivalent to Choleski factor P.

Large proportion of the variance in forecasting US dollar exchange rate is by
it’s autoregressive direction as shown in figure[6| 91 days treasury bond rate has
increasing order influence after three forecasts while 20 NSE share index and
broad money supply by order of influence remains fairly constant. Consumer
price index has its proportion as after 6" forecast. The variance in forecast-
ing 91 days treasury bond has large proportion attributed to it’s direction as
Consumer price index and US dollar exchange rate in order of size respectively
increase with time. Broad money supply and 20 NSE share index are small and
constant. Autoregressive direction of the 20 NSE share index accounts for large
proportion of it’s variance, figure [8 US dollar proportion decrease with time
while 91 days treasury bond increase with time. 20 NSE share index and con-
sumer price proportion is significant after fifth forecast. Consumer price index
autoregresive direction explains large proportion of it’s forecast variance, fig-
ure[9] Broad money supply proportion increase with time, with 91 days treasury
bond rate fairy constant. 20 NSE share index proportion starts as from the fourth
forecast increasing with time while US dollar diminishes within the first two
forecast. Figure|10|shows that 20 NSE share index variance is dependent on it’s
direction. US dollar exchange rate proportion increase for the first five forecast,
thereafter decreases with time. Consumer price index and broad money supply
in order of size, remains fairly constant with time. 91 days treasury bond rate
has not significant influence.

3 Discussion and conclusion

The study sort to establish a VAR system for six endogenous variables and two
exogenous variables. It also sort to establish the causality that may exist and the
response of variables to US dollar exchange rate impulse. Among the endogenous
variable, total import is stationary in level. Oil price index is also stationary. A
VARX (2,0) is the most appropriate model for regression, with it being statistically
significant at 5% level. The study provide evidenced of existence of Granger
causality for 20 NSE share index, consumer price index and broad money supply
with respect to other endogenous variables. US dollar exchange rate fluctuation

14
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Figure 6: US dollar exchange rate fevd plot

FEVD for TBR
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Figure 7: 91 days treasury bond rate fevd plot
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FEVD for M3
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Figure 8: Broad money supply fevd plot
FEVD for CPI
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Figure 9: Consumer price index fevd plot
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FEVD for SI

Percentage

Horizon

Figure 10: 20 NSE share index fevd plot

cause high volatility among endogenous variables in short term. There exist
significant proportion of error forecast variance explained by other variables for
each endogenous variable.

In conclusion, Kenya policy makers should employ exchange rate control
measures to control for macroeconomic variables volatility. In addition, employ-
ing policy framework on monetary policy regime will help reduce the causality
effect within Kenya financial system.
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