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Abstract
,W� KDV� EHFRPH� DQ� XQGLVSXWDEOH� IDFW� LQ� HFRQRPLFV� DQG� ¿QDQFH� WKDW� FRQYHQWLRQDO�
H[FKDQJH� UDWH�GHWHUPLQDWLRQ�PRGHOV� FDQQRW�RXWSHUIRUP� WKH�5DQGRP�:DON�0RGHO�
�5:0�� LQ� RXW�RI�VDPSOH� IRUHFDVWLQJ��:H� HYDOXDWH� WKH� HPSLULFDO� YHUDFLW\� RI� WKLV�
ZHOO�NQRZQ�IDFW�LQ�WKH�:HVW�$IULFDQ�0RQHWDU\�=RQH��:$0=���:H�FRPSDUH�WKH�RXW�
of-sample forecast accuracy of the random walk hypothesis vis-a-vis the autore-
gressive integrated moving average (arima) model, Generalised autoregressive 
&RQGLWLRQDO�+HWHURVNHGDVWLF� �*$5&+�� EDVHG�PRGHOV�� DQG�9HFWRU�$XWRUHJUHVVLYH�
(Var) model. The root mean square error (rmsE) is used as the measure of forecast 
DFFXUDF\���:H�¿QG�HYLGHQFH�WR�UHIXWH�WKH�ERG\�RI�HFRQRPLF�OLWHUDWXUH�WKDW�VXSSRUWV�
WKH�YLHZ�WKDW�IRUHFDVWV�IURP�WKH�5:0�DUH�XQEHDWDEOH��:H�VKRZ�WKDW�LI�D�QRQ�OLQHDU�
5:0�LV�HVWLPDWHG��DQG�WKH�506(�LV�XVHG�DV�WKH�PHDVXUH�RI�IRUHFDVW�SHUIRUPDQFH��
the Var model, the arima model, and the Garch(-m) model generally outper-
IRUP�WKH�5:0��+RZHYHU��ZKHQ�WKH�DVVXPSWLRQ�RI�OLQHDULW\�LV�VXVWDLQHG��WKH�5:0�
FRQYLQFLQJO\�RXWSHUIRUPV�DOO�RWKHU�PRGHOV��:H�VKRZ�WKDW�WKH�W\SH�RI�PRGHO�WR�XVH�
WR�DFKLHYH�IRUHFDVW�DFFXUDF\�GHSHQGV�RQ�WKH�WLPH�KRUL]RQ��DQG�WKH�FRXQWU\�IRU�ZKLFK�
WKH�IRUHFDVW�LV�WR�EH�PDGH��

Keywords: IRUHFDVWLQJ��H[FKDQJH�UDWH��:HVW�$IULFDQ�0RQHWDU\�=RQH��:$0=���WLPH�
VHULHV�PRGHOV��5RRW�0HDQ�6TXDUH�(UURU��506(���IRUHFDVW�HYDOXDWLRQ
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1. Introduction 
6L[�:HVW�$IULFDQ�VWDWHV��*DPELD��*KDQD��*XLQHD��/LEHULD��1LJHULD�DQG�6LHUUD�/HRQH��
VLJQHG�WKH�µ$FFUD�'HFODUDWLRQ¶�LQ�$SULO����������WR�VHW�XS�D�VHFRQG�PRQHWDU\�]RQH�
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WR�EH�FDOOHG�WKH�:HVW�$IULFDQ�0RQHWDU\�=RQH��:$0=���E\�WKH�\HDU��������%XW��WKH�
HVWDEOLVKPHQW�RI�WKH�FRPPRQ�FXUUHQF\�]RQH�KDV�EHHQ�SRVWSRQHG�WKUHH�WLPHV��-DQX-
DU\����������-XO\����������'HFHPEHU����������GXH�WR�WKH�LQDELOLW\�RI�PHPEHU�VWDWHV�
WR�DFKLHYH�FRQYHUJHQFH�FULWHULD�RQ�D�FRQVLVWHQW�EDVLV��7KH�QHZ�GDWH�SURSRVHG�IRU�WKH�
ODXQFK�LV�������%XW�WKH�IDFWV�RQ�WKH�JURXQG�SRLQW�WR�DQRWKHU�SRVWSRQHPHQW��.H\�WR�
WKH�HVWDEOLVKPHQW�RI�D�PRQHWDU\�]RQH�LV�WKH�H[FKDQJH�UDWH��VLQFH�WKH�QDWXUH�RI�WKH�
SULRU�VWDELOLW\�RI�WKH�H[FKDQJH�UDWH�RI�PHPEHU�FRXQWULHV�ZLOO�GHWHUPLQH�WKH�VWDELOLW\�
of the common currency when it eventually comes into force. The questions that 
FRQWLQXH�WR�YH[�UHVHDUFKHUV�DQG�SROLF\PDNHUV�DUH������KRZ�EHVW�FDQ�WKH�H[FKDQJH�
UDWH�RI�HDFK�FRXQWU\�EH�IRUHFDVW�DQG�RYHU�ZKDW�KRUL]RQ"�����:LOO�WKH�IDPRXV�5DQGRP�
:DON�0RGHO� �5:0��SURGXFH�EHWWHU� IRUHFDVW� WKDQ�RWKHU� WLPH� VHULHV�PRGHOV"�7KLV�
SDSHU�DLPV�WR�¿QG�DQVZHUV�WR�WKHVH�TXHVWLRQV�

,QFUHDVHG�JOREDOL]DWLRQ� LQ�UHFHQW� WLPHV�KDV�UHVXOWHG� LQ� LQFUHDVLQJ� LQWHJUDWLRQ�RI�
WUDGH��¿QDQFH��SHRSOH�DQG�LGHDV�LQ�RQH�JOREDO�PDUNHW�SODFH�ZLWK�LQWHUQDWLRQDO�WUDGH�
DQG�FURVV�ERUGHU�ÀRZV�EHLQJ�WKH�PDLQ�HOHPHQWV�RI�WKH�LQWHJUDWLRQ��$�NH\�GHWHUPL-
QDQW�RI�ZKHWKHU� FRXQWULHV�EHQH¿W� IURP� WKLV� LQWHJUDWLRQ� LV� WKHLU� H[FKDQJH� UDWH��$Q�
H[FKDQJH�UDWH�JHQHUDOO\�UHIHUV� WR� WKH�UDWH�DW�ZKLFK�RQH�FXUUHQF\� LV�H[FKDQJHG�IRU�
DQRWKHU��:KHUH�H[FKDQJH�UDWH�LV�YRODWLOH�LW�PD\�EH�DQ�REVWDFOH�WR�HFRQRPLF�JURZWK��
GHVFULEHG�E\�-KLQJDQ��������DV�µIRUHLJQ�H[FKDQJH�FRQVWUDLQW¶���7KH�H[FKDQJH�UDWH�LV�
an important part of the transmission mechanism in many of the policy evaluation 
PRGHOV��7KH�H[FKDQJH�UDWH�XVXDOO\�HQWHUV�DV�SDUW�RI�DQ�DUELWUDJH�HTXDWLRQ�UHODWLQJ�
the interest rate in one country to the interest rates in other countries through the 
H[SHFWHG�UDWH�RI�DSSUHFLDWLRQ�RI�WKH�H[FKDQJH�UDWH��7KH�H[FKDQJH�UDWH�DOVR�DIIHFWV�WKH�
WHUPV�RI�WUDGH�DQG�WKXV�WKH�ÀRZ�RI�H[SRUWV�DQG�LPSRUWV��)XUWKHUPRUH��WKH�H[FKDQJH�
UDWH�FDQ�DIIHFW�UHDO�RXWSXW�YRODWLOLW\��2QR���������&KDQJHV�LQ�WKH�H[FKDQJH�UDWH�DIIHFW�
the price of foreign goods sold in another country and are then passed through to 
GRPHVWLF�SULFHV��$�VWDEOH�H[FKDQJH�UDWH�LV�WKHUHIRUH�SUHIHUUHG���'LVWXUEDQFHV�LQ�WUDGH�
EDODQFH�DUH� VDLG� WR�EH� WKH�PDLQ�GULYHUV�RI�H[FKDQJH� UDWH�ÀXFWXDWLRQV� LQ�QRQ�&)$�
6XE�6DKDUDQ�$IULFDQ�FRXQWULHV��6LVVRNR�DQG�'LERRJOX��������

:$0=�FRXQWULHV�FRQVLGHU�H[FKDQJH�UDWH�DV�D�NH\�PDFURHFRQRPLF�SROLF\�LQVWUX-
PHQW�WKDW�FRXOG�VLJQL¿FDQWO\�LPSDFW�PHPEHU�FRXQWULHV¶�FRPSHWLWLYHQHVV�DV�ZHOO�DV�
H[SRUW�SURPRWLRQ�DQG�HFRQRPLF�JURZWK��7KH�&HQWUDO�%DQNV�RI�WKH�:$0=�FRXQWULHV�
KDYH�FRQVHTXHQWO\�SXUVXHG�H[FKDQJH�UDWH�SROLFLHV�DLPHG�DW�SURYLGLQJ�DQ�HQYLURQ-
PHQW�WKDW�SURPRWHV�H[FKDQJH�UDWH�VWDELOLW\��ZLWK�D�YLHZ�WR�PDLQWDLQLQJ�SULFH�VWDELOLW\�
DQG�SURPRWLQJ�VXVWDLQDEOH�RXWSXW�JURZWK��+RZHYHU��VKDUS�FXUUHQF\�GHSUHFLDWLRQ�LQ�
most of the countries causes increases in the general price levels and a reduction in 
RXWSXW�JURZWK��2QH�RI�WKH�NH\�UHDVRQV�IRU�WKLV�LV�WKH�H[LVWHQFH�RI�ODUJH�H[WHUQDO�GHEW�
denominated in foreign currencies that increases in value relative to the domestic 
currency as a result of depreciation, reducing the economy’s net wealth.
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,Q�D�VWXG\�WKDW�H[DPLQHG�WKH�HIIHFW�RI�H[FKDQJH�UDWH�SROLF\�RQ�WKH�EL�ODWHUDO�LQ-
WUD�:$0=�DQG�JOREDO�LQWHU�:$0=�H[SRUW�WUDGH��%DORJXQ��������¿QGV�WKDW�WKH�FR-
HI¿FLHQW�HVWLPDWHV�RI�ELODWHUDO�H[FKDQJH� UDWH�ZDV�QRW�VLJQL¿FDQW� LQ�H[SODLQLQJ� WKH�
FKDQJHV� LQ� WKH�ELODWHUDO� LQWUD�:$0=�H[SRUWV��EXW�QRW� WKH�FDVH�ZLWK� WKH�ZRUOG� LQ-
WHU�:$0=�UHJUHVVLRQ�UHVXOWV�LQ�ZKLFK�RQH�RI�WKH�SDUWQHU¶V�H[FKDQJH�UDWH�LV�VLJQLI-
LFDQW�DQG�SRVLWLYHO\�LQÀXHQFHG�WKHLU�FROOHFWLYH�H[SRUWV�WR�WKH�UHVW�RI�WKH�ZRUOG��,Q�D�
VLPLODU�VWXG\��$GMDVL��%LHNSH�DQG�2VHL��������DUJXH�WKDW�PRYHPHQWV�LQ�WKH�H[FKDQJH�
UDWH�WHQG�WR�KDYH�DQ�HIIHFW�RQ�WKH�RSHUDWLRQDO�FRVWV�RI�¿UPV�DQG�WKLV�LQ�WXUQ�KDV�LP-
SOLFDWLRQV�IRU�WKH�VKDUH�SULFH�PRYHPHQWV�RI�VXFK�¿UPV�RQ�WKH�VWRFN�PDUNHW��5DSLG�
PRYHPHQWV�LQ�WKH�H[FKDQJH�UDWH�ZRXOG�WKHUHIRUH�LQÀXHQFH�VKDUH�SULFHV�RI�OLVWHG�$I-
ULFDQ�¿UPV�DQG�LQ�WXUQ�DOVR�LQÀXHQFH�UHWXUQV�RI�WKH�VWRFN�PDUNHW��([FKDQJH�UDWH�ÀXF-
tuations could thus have serious and long-lasting effects on stock prices. in order to 
test this hypothesis they use data of monthly frequencies for seven african countries. 
7KHLU�¿QGLQJV� FRQ¿UP� WKH� VWUDQG�RI� OLWHUDWXUH�ZKLFK�SURSRVHV� WKDW� H[FKDQJH� UDWH�
LQFUHDVHV�UHGXFH�WKH�GHPDQG�IRU�ORFDO�VWRFNV�DQG�WKHUHE\�GULYH�GRZQ�VWRFN�SULFHV���

+HQFH��WKH�PDQDJHPHQW�RI�H[FKDQJH�UDWH�KDV�EHFRPH�D�JUHDW�FRQFHUQ�WR�SROLF\�
PDNHUV�DQG�DFDGHPLFLDQV�DOLNH��,Q�WKH�DFDGHPLF�FLUFOHV��(QJOH��������DQG�%ROOHUVOH\�
������� DQG� RWKHUV� KDYH� FUDYHG� YDULRXV� VRSKLVWLFDWHG� DSSURDFKHV� VXFK� DV� WKH�$X-
WRUHJUHVVLYH�&RQGLWLRQDO�+HWHURVFHGDVWLF��$5&+��PRGHO�DQG�WKH�JHQHUDOL]HG�$5&+�
(Garch) and some of its likes to identify and tackle the various forms and manifes-
WDWLRQ�RI�YRODWLOLW\�LQ�¿QDQFLDO�WLPH�VHULHV�VXFK�DV�WKH�H[FKDQJH�UDWH��1RWZLWKVWDQG-
LQJ�WKH�UDSLG�HYROXWLRQ�RI�WLPH�VHULHV�PRGHOV�IRU�IRUHFDVWLQJ�¿QDQFLDO�WLPH�VHULHV��LW�
remains unsettled as to which particular time series model produces the most accu-
UDWH�IRUHFDVWV��,Q�WKH�SDUWLFXODU�FDVH�RI�WKH�H[FKDQJH�UDWH��WKH�GHEDWH�LV�FHQWUHG�RQ�
ZKHWKHU�RU�QRW�WKH�UDQGRP�ZDON�PRGHO�LV�EHDWDEOH�LQ�WHUPV�RI�IRUHFDVW�SHUIRUPDQFH��
(YHU�VLQFH�WKH�SXEOLFDWLRQ�RI� WKH�KLJKO\�FLWHG�SDSHU�RI�0HHVH�DQG�5RJRII���������
HQGRUVLQJ�WKH�XQEHDWDELOLW\�RI�WKH�QDwYH�UDQGRP�ZDON�PRGHO��5:0��IRUHFDVWV��VRPH�
UHVHDUFKHUV� KDYH�KHOG� WKH� YLHZ� WKDW� H[FKDQJH� UDWH� IRUHFDVW� IURP� WKH�QDwYH�5:0�
LV� WKH�EHVW�� )RU� LQVWDQFH�� LQ� D� VWXG\��$EK\DQNDU�et al.� ������� FDOO� WKH� LQDELOLW\� RI�
models grounded on monetary fundamentals to outperform the random walk as a 
µPDMRU�SX]]OH� LQ� LQWHUQDWLRQDO�¿QDQFH¶��(YDQV�DQG�/\RQV� �������DOVR�FRQ¿UP� WKH�
0HHVH±5RJRII�¿QGLQJ�E\�GHVFULELQJ� LW�DV�KDYHQ�SURYHQ� WR�EH�UREXVW�RYHU�VHYHUDO�
GHFDGHV���0HHVH�DQG�5RJRII��������DWWULEXWH�WKH�LQDELOLW\�RI�H[FKDQJH�UDWH�PRGHOV�
WR�RXWSHUIRUP�WKH�5:0�WR�VLPXOWDQHRXV�HTXDWLRQV�ELDV��VDPSOLQJ�HUURUV��VWRFKDVWLF�
PRYHPHQWV�LQ�WKH�WUXH�XQGHUO\LQJ�SDUDPHWHUV��PLVVSHFL¿FDWLRQ�DQG�QRQOLQHDULWLHV�

$QRWKHU�JURXS�RI�UHVHDUFKHUV��IRU�H[DPSOH��0DUN��������0DF'RQDOG��������0DUN�
DQG�6XO��������.LP��������0RRVD�DQG�%XUQV��������KROG� WKH�YLHZ� WKDW�� FRQWUDU\�
WR�WKH�SRVLWLRQ�RI�0HHVH�DQG�5RJRII��WKH�5:0�FDQ�EH�RXWSHUIRUPHG��.LP��������
DUJXHV�WKDW��WKH�LQDELOLW\�WR�RXWSHUIRUP�WKH�5:0�LV�GRZQ�WR�WKH�RPLVVLRQ�RI�D�ZLGH�
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UDQJH�RI�PDFURHFRQRPLF�YDULDEOHV�IURP�FRQYHQWLRQDO�PRGHOV��.LP��������SURYHV�
WKLV�SRLQW�E\�VKRZLQJ�WKDW�D�QRQOLQHDU�IDFWRU�PRGHO�RXWSHUIRUPV�WKH�5:0��6LPLODU-
O\��LQ�D�SDSHU�SXEOLVKHG�UHFHQWO\��0RRVD�DQG�%XUQV��������VKRZ�WKDW�FRQYHQWLRQDO�
PRQHWDU\�PRGHOV�RI�H[FKDQJH�UDWHV�FDQ�EHDW�WKH�UDQGRP�ZDON�LQ�RXW�RI�VDPSOH�IRUH-
FDVWLQJ�LI�IRUHFDVWLQJ�SRZHU�LV�PHDVXUHG�E\�GLUHFWLRQ�DFFXUDF\�DQG�SUR¿WDELOLW\��

7KXV��WKH�HYLGHQFH�UHJDUGLQJ�WKH�³EHVW´�WLPH�VHULHV�PRGHO�IRU�IRUHFDVWLQJ�H[FKDQJH�
UDWH�VHULHV�UHPDLQV�LQFRQFOXVLYH��:H�DGG�WR�WKLV�ERG\�RI�NQRZOHGJH�E\�H[DPLQLQJ�WKH�
IRUHFDVWLQJ�SRZHU�RI�IRXU�GLIIHUHQW�WLPH�VHULHV�PRGHOV�ZLWKLQ�:$0=�FRXQWULHV��:H�
H[SORUH�WKH�IROORZLQJ�TXHVWLRQV������LV�WKHUH�D�IDLOXUH�WR�RXWSHUIRUP�H[FKDQJH�UDWH�
IRUHFDVW�IURP�WKH�5:0�LQ�WKH�:$0="�,I�QRW��ZKLFK�LV�WKH�EHVW�WLPH�VHULHV�PRGHO�
IRU�IRUHFDVWLQJ�H[FKDQJH�UDWH�IRU�HDFK�FRXQWU\�LQ�WKH�:$0="�6SHFL¿FDOO\��WKH�VWXG\�
FRPSDUHV�WKH�IRUHFDVW�SHUIRUPDQFH�RI�DQ�$5&+�W\SH�5:0�WR�WKH�IRUHFDVWV�IURP�
autoregressive integrated moving average model (arima), an ordinary Garch 
model, a Garch in the mean (Garch-m) model, and the Vector autoregressive 
(Var) model.

7KH�VWXG\�LV�GLIIHUHQW�IURP�SUHYLRXV�VWXGLHV�LQ�D�QXPEHU�RI�ZD\V��)LUVW��XQOLNH�SUH-
YLRXV�VWXGLHV�ZKLFK�HPSOR\�D�OLQHDU�5:0��WKHVH�SUHYLRXV�VWXGLHV�DUH�QRW�EDVHG�RQ�
:$0=�GDWD���RXUV�LV�QRQ�OLQHDU��:H�FRPSDUH�WKH�IRUHFDVW�RYHU�IRXU�GLIIHUHQW�IRUH-
FDVW�KRUL]RQV�ZKLOH�LQ�WKH�H[WDQW�OLWHUDWXUH�PRVW�FRPSDULVRQV�KDYH�RIWHQ�EHHQ�GRQH�
IURP�EHWZHHQ���WR���IRUHFDVW�KRUL]RQV��$OVR��SUHYLRXV�VWXGLHV�DUELWUDULO\�FKRVH�WKH�
type of time series model, say a Garch(1,1). our study is unique in the sense that 
ZH�GR�QRW�LPSRVH�D�PRGHO�RI�WKH�VDPH�QDWXUH�IRU�DOO�FRXQWULHV��7KLV�LV�LPSRUWDQW�EH-
FDXVH��LW�DOORZV�XV�WR�SHUIRUP�IRUHFDVW�XVLQJ�WKH�EHVW�PRGHO�WKDW�¿WV�WKH�VSHFL¿F�WLPH�
series model for each country. in addition, most previous studies compare at most 
��WLPH�VHULHV�PRGHOV�ZKLOH�ZH�FRPSDUH�IRXU��/DVWO\��WR�WKH�EHVW�RI�RXU�NQRZOHGJH��
WKLV�LV�WKH�¿UVW�DWWHPSW�DW�FRPSDULQJ�WKH�IRUHFDVW�SHUIRUPDQFH�RI�WLPH�VHULHV�PRGHOV�
IRU�DOO�:$0=�FRXQWULHV�LQ�D�VLQJOH�VWXG\��:H�¿QG�WKDW��WKHUH�LV�QR�VLQJOH�WLPH�VH-
ULHV�IRUHFDVWLQJ�PRGHO�WKDW�¿WV�DOO�:$0=�FRXQWULHV�H[FKDQJH�UDWH�GDWD��7KH�W\SH�RI�
forecasting model appropriate for a given country depends on the time period under 
consideration. 

7KH�UHVW�RI�WKH�SDSHU�LV�RUJDQL]HG�DV�IROORZV��,Q�VHFWLRQ����ZH�H[SORUH�VRPH�OLWHUDWXUH�
on the topic. section 3 gives details of the research methodology employed. results 
and discussion of the forecast performance of the various time series models are 
presented in section 4. section 5 concludes the paper.

2. Literature review 
9LODVXVR��������¿QGV�WKDW�D�QXPEHU�RI�H[FKDQJH�UDWH�YRODWLOLW\�µVW\OL]HG�IDFWV¶�KDYH�
EHHQ�GRFXPHQWHG�VLQFH�WKH�DEDQGRQPHQW�RI�WKH�%UHWWRQ�:RRGV�V\VWHP�RI�¿[HG�SDUL-
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WLHV�GHFDGHV�DJR��7KLV�VHFWLRQ�RI�WKH�SDSHU�WKXV�UHYLHZV�VRPH�RI�WKHVH�µVW\OL]HG�IDFWV¶�
DQG� WKH�H[WDQW� OLWHUDWXUH��(PSLULFDOO\��PRVW� VWXGLHV�KDYH� IRUHFDVWHG�H[FKDQJH� UDWH�
YRODWLOLW\�E\�FROOHFWLQJ�DQG�XVLQJ�GDWD�ZLWK�LQWUDGD\��GDLO\��ZHHNO\�DQG�PRQWKO\�IUH-
TXHQF\���%DODEDQ������� investigates out-of-sample forecasting accuracy of the sym-
metric and asymmetric conditional variance models for the us dollar-Deutsche mark 
H[FKDQJH�UDWH�YRODWLOLW\�E\�FROOHFWLQJ�GDLO\�FRQWLQXRXVO\�FRPSRXQGHG�H[FKDQJH�UDWH�
returns, over a 24-year period. The forecast performance is then evaluated using 
statistics such as symmetric and asymmetric statistical error. The mean error (mE), 
WKH�0$(��PHDQ�DEVROXWH�HUURU���WKH�06(��PHDQ�VTXDUHG�HUURU���WKH�PHDQ�DEVROXWH�
percentage error (maPE) are the symmetric measures. %DODEDQ� �������¿QGV� WKDW�
the symmetric criteria consistently choose the EGarch and GJr-Garch models 
UHVSHFWLYHO\�DV�WKH�EHVW�DQG�WKH�ZRUVW��

7HQWL��������¿QGV�WKDW�IRU�\HDUV��WZR�XQUHVROYHG�RSSRVLQJ�YLHZV�KDYH�H[LVWHG�EH-
WZHHQ�WKH�WUDGLQJ�DQG�DFDGHPLF�FRPPXQLWLHV�DERXW�WKH�VWDWLVWLFDO�SURSHUWLHV�RI�H[-
FKDQJH�UDWH��:KLOH�WUDGHUV�FRQVLGHUHG�H[FKDQJH�UDWHV�WR�KDYH�SHUVLVWHQW�WUHQGV�WKDW�
permitted mechanical trading systems, researchers on the other hand, presented ev-
idence supporting the random walk hypothesis. The presence of random walk in 
FXUUHQF\�PDUNHWV�KRZHYHU�LV�D�VXI¿FLHQW�EXW�QRW�D�QHFHVVDU\�FRQGLWLRQ�IRU�WKH�H[LV-
WHQFH�RI�D�ZHDN�IRUP�RI�WKH�HI¿FLHQW�PDUNHW�K\SRWKHVLV��WKDW�SDVW�PRYHPHQWV�LQ�WKH�
H[FKDQJH�UDWH�FRXOG�QRW�EH�XVHG�WR�IRUHWHOO�IXWXUH�PRYHPHQWV��

0DGXUD��0DUWLQ� DQG�:LOH\� ������� FRPSDUH� WKH� IRUHFDVW� SHUIRUPDQFH� RI� UDQGRP�
ZDON��LPSOLHG�IRUZDUG�UDWH��)5���DQG�$5,0$�PRGHOV�XVLQJ�WZHOYH������HPHUJLQJ�
PDUNHW�FXUUHQFLHV��,Q�RUGHU�WR�WHVW�IRU�IRUHFDVW�DFFXUDF\�WKH\�XVH�WKH�PHDQ�DEVROXWH�
SHUFHQWDJH�IRUHFDVW�HUURU��7KH\�VKRZ�WKDW�WKH�5:0�RXWSHUIRUPV�WKH�)5�DQG�$5,0$�
PRGHOV�GHVSLWH�WKH�LQFOXVLRQ�RI�H[SHFWDWLRQ�FRPSRQHQWV��7KH\�IXUWKHU�¿QG�WKH�IRUH-
FDVW�RI�/DWLQ�$PHULFDQ�FXUUHQFLHV�WR�EH�PRUH�HUURU�SURQH�

:HVW�DQG�&KR��������VHW�RXW�WR�FRPSDUH�WKH�RXW�RI�VDPSOH�IRUHFDVW�SHUIRUPDQFH�RI�
XQLYDULDWH� KRPRVFHGDVWLF��*$5&+��$5�� DQG� QRQSDUDPHWULF�PRGHOV� EDVHG� RQ� EL-
lateral weekly data collected over a 12 year sample period. The data they collect 
DUH�RQ�H[FKDQJH�UDWHV�ZKLFK�DUH�PHDVXUHG�DV�GROODUV�SHU�XQLW�RI�IRUHLJQ�FXUUHQF\��
EHWZHHQ� WKH�86� DQG�&DQDGD��)UDQFH��*HUPDQ\�� -DSDQ�� DQG� WKH�8QLWHG�.LQJGRP��
8QOLNH�SUHYLRXV� VWXGLHV� VXFK�DV�%DODEDQ� �������� WKHLU� VWXG\� IRFXVHV�RQ� WKH�PHDQ�
VTXDUHG�SUHGLFWLRQ�HUURU��063(���:HVW�DQG�&KR��������WKHQ�WDNH�ORJDULWKPLF�GLI-
IHUHQFHV�RI�WKH�VHULHV��DQG�WKHQ�PXOWLSO\�LW�E\������ 7KH\�IRFXV�RQ�5063(�EHFDXVH�
PDWKHPDWLFDO�H[SHFWDWLRQV�KDYH�PLQLPXP�5063(��VR�D�JRRG�VWDWLVWLFDO�PRGHO�IRU�
WKH�H[SHFWHG�YDOXH�RI�H[FKDQJH�UDWH�VTXDUHV�ZLOO�WHQG�WR�KDYH�IRUHFDVW�HUURUV�ZKRVH�
average squared value is small.  7KHLU�UHVXOWV�FRQ¿UP�HDUOLHU�VWXGLHV�ZKLFK�¿QG�WKH�
*$5&+�PRGHOV�RXWSHUIRUPLQJ�WKH�RWKHU�PRGHOV�RYHU�WKH�VKRUW�KRUL]RQ��RQH�ZHHN���

)DXVW��5RJHUV�DQG�:ULJKW��������¿QG�WKDW�D�UDQGRP�ZDON�IRUHFDVW�RI�WKH�H[FKDQJH�
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rate generally outperforms alternative models drawn from economic theory. a  
QXPEHU�RI� DXWKRUV� KDYH� DOVR� IRXQG�PRGHOV�ZKRVH�RXW�RI�VDPSOH� IRUHFDVWLQJ�SHU-
IRUPDQFH� LPSURYHV�XSRQ� D� UDQGRP�ZDON��.LOLDQ� DQG�7D\ORU� ������� KRZHYHU�¿QG�
WKDW�WKH�JRDO�RI�H[SORLWLQJ�HFRQRPLF�PRGHOV�RI�H[FKDQJH�UDWH�GHWHUPLQDWLRQ�WR�EHDW�
QDwYH�UDQGRP�ZDON�IRUHFDVWV�UHPDLQV�DV�HOXVLYH�DV�HYHU��7KH\�HVWDEOLVK�¿QGLQJV�WKDW�
FRUURERUDWH�WKH�HYLGHQFH�SUHVHQWHG�LQ�7D\ORU�et al.��������WKDW�WKHUH�LV�VWURQJ��DOEHLW�
QRQOLQHDU�±�PHDQ�UHYHUVLRQ�LQ�PRQWKO\�GROODU�UHDO�H[FKDQJH�UDWHV��

simpson and Grossmann (2011) compare the out of sample forecast of relative pur-
FKDVLQJ�SRZHU�SDULW\��333��EDVHG�PRGHOV�WR�WKDW�RI�D�5:0�RYHU�VKRUW�KRUL]RQV��7KH�
333�PRGHOV�DUH�EDVHG�RQ�WKH�FRQVXPHU�SULFH�LQGH[��&3,���SURGXFHU�SULFH�LQGH[��33,��
DQG�D�SUR[\�IRU�WUDGHG�JRRGV�LQGH[HV���)RU�DOO�WKH�FXUUHQFLHV�FRQVLGHUHG��WKH\�¿QG�WKH�
333�PRGHO�WR�VKRZ�DSSUHFLDEOH�JDLQV�RYHU�WKH�5:0��

(PSOR\LQJ�PRQWKO\�H[FKDQJH�UDWH�GDWD�IRU�VL[�LQGXVWULDOL]HG�FRXQWULHV��0RRVD�DQG�
%XUQV���������DVVHVV�WKH�DELOLW\�RI�RWKHU�PRGHOV�WR�EHDW�WKH�5:0��7KH\�¿QG�WKDW�LW�
LV��GLI¿FXOW��WKRXJK�QRW�LPSRVVLEOH��IRU�FRQYHQWLRQDO�PDFURHFRQRPLF�PRGHOV�WR�RXW-
perform the random walk model in terms of the root mean square error and similar 
TXDQWLWDWLYH�PHDVXUHV�RI�IRUHFDVWLQJ�DFFXUDF\�WKDW�GHSHQG�HQWLUHO\�RQ�WKH�DEVROXWH�
IRUHFDVWLQJ�HUURU��7KH\�IXUWKHU�¿QG�WKDW��WKH�9$5�PRGHO�RXWSHUIRUPV�WKH�5:0�LQ�
WHUPV�RI�WKH�506(��7KH\�DUJXH�WKDW�WKH�9$5�PRGHO�RXWSHUIRUPV�WKH�5:0�EHFDXVH��
E\�LQWURGXFLQJ�D�ODJJHG�GHSHQGHQW�YDULDEOH��WKH�9$5�FDQ�EH�GHVFULEHG�DV�DQ�DXJ-
PHQWHG�UDQGRP�ZDON��7KXV��LW�DPRXQWV�WR�XVLQJ�D�UDQGRP�ZDON�PRGHO�WR�EHDW�DQRWKHU�
UDQGRP�ZDON�PRGHO��6RPH�VWXGLHV�KRZHYHU��GR�QRW�¿QG�WKH�9$5�DV�VXSHULRU�WR�WKH�
5:0�

)RU�H[DPSOH��)XOOHUWRQ�et al. (2001) use a set of error correction models to represent 
WKH�EHKDYLRXU�RI�WKH�H[FKDQJH�UDWH�EHWZHHQ�WKH�0H[LFDQ�SHVR�DQG�WKH�8�6��GROODU��
7KHLU�¿QGLQJV�OHG�WKHP�WR�FRQFOXGH�WKDW�DOWKRXJK�G\QDPLF�VLPXODWLRQ�SURSHUWLHV�RI�
WKH�HTXDWLRQV�DUH�DFFHSWDEOH��LQ�QR�FDVH�GR�WKH\�JHQHUDWH�OHYHOV�RI�DFFXUDF\�WKDW�H[-
ceed that associated with a simple random walk. This implies that, whether or not a 
PRGHO�EHDWV�WKH�5:0�LV�QRW�QHFHVVDULO\�GHSHQGHQW�RQ�LWV�G\QDPLF�QDWXUH�DV�0RRVD�
DQG�%XUQV�PDNH�XV�EHOLHYH��7KXV��WKH�GHEDWH�DERXW�WKH�EHVW�WLPH�VHULHV�PRGHO�IRU�
forecast remains unresolved. 

)URP� WKH� H[WDQW� OLWHUDWXUH��PRVW� RI� WKH� VWXGLHV� XVH� VDPSOHV� RI� DQ� DYHUDJH�RI�¿YH�
FRXQWULHV��+RZHYHU��QRQH�RI�WKHVH�VWXGLHV�KDV�\HW�EHHQ�FRQGXFWHG�RQ�D�VXE�UHJLRQ-
DOO\�$IULFDQ�LQWHJUDWHG�ERG\�VXFK�DV�WKH�:HVW�$IULFDQ�0RQHWDU\�=RQH��:$0=���$�
VWXG\�RI�WKLV�QDWXUH�FRXOG�WKHUHIRUH�KHOS�FRXQWULHV�ZLWKLQ�:$0=�LQ�WKHLU�HIIRUW�WR�
HVWDEOLVK�D�FRPPRQ�FXUUHQF\�IRU�WUDGH�LQ�WKH�QHDU�IXWXUH��/LNH�WKH�(XUR�RI�WKH�(XUR-
SHDQ�8QLRQ��WKH�RSSRUWXQLWLHV�WKHUHRI�ZLOO�EH�HQRUPRXV����)XUWKHUPRUH��WKH�VWXG\¶V�
¿QGLQJV�ZLOO� EH� XVHIXO� WR�:HVW�$IULFDQ�EXVLQHVVHV� DQG� LQGHHG�RWKHU� LQWHUQDWLRQDO�
EXVLQHVVHV� WKDW� DUH� VSUHDG�RYHU�GLIIHUHQW� FRXQWULHV�ZKR� UDLVH� ORQJ�DQG� VKRUW� WHUP 
IXQGV�IURP�LQWHUQDWLRQDO�PDUNHWV��7KH�VWXG\�ZLOO�DOVR�KHOS�¿UPV�WKDW�FRQ¿QH�WKHLU�
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HQWLUH�EXVLQHVV�WR�WKH�GRPHVWLF�PDUNHW�RQO\�EHFDXVH�D�FKDQJH�LQ�IRUHLJQ�H[FKDQJH�
UDWH�FDQ�FKDQJH�WKH�EXVLQHVV�DQG�FRPSHWLWLRQ�VFHQDULR�IRU�WKH�¿UPV����

$OVR��XQOLNH�SUHYLRXV�VWXGLHV�WKDW�XVH�D�OLQHDU�5:0��WKLV�VWXG\�VSHFL¿HV�DQG�HVWL-
PDWHV�D�QRQOLQHDU�5:0�IRU�WKH�IRUHFDVW�FRPSDULVRQ�RYHU�IRXU�GLIIHUHQW�KRUL]RQV����
7KLV� VWXG\� FRQWULEXWHV� WR� WKH� ERG\� RI� NQRZOHGJH� LQ� WKH� VXEMHFW�PDWWHU� E\� ¿OOLQJ�
WKHRUHWLFDO�DQG�HPSLULFDO�JDSV�LGHQWL¿HG��:H�SURYLGH�IXUWKHU�HYLGHQFH�WR�VKRZ�WKDW��
even linear time series models like the arima, can in some situations outperform 
the random walk model.

3. Research methodology
3.1 Data
0RQWKO\�GDWD�RQ�WKH�H[FKDQJH�UDWH�RI�WKH�VL[�:$0=�FRXQWULHV�WR�WKH�86�GROODU�ZHUH�
REWDLQHG�IURP�WKH�:RUOG�%DQN�¿QDQFLDO�VWDWLVWLFV�GDWDEDVH��7KH�GDWD�VSDQ�IURP�-XQH�
�����WR�0D\�������7KH�H[FKDQJH�UDWH�YDULDEOHV�DUH�H[SUHVVHG�LQ�WHUPV�RI�XQLWV�RI�WKH�
local currency per one unit of the us dollar. The sample is split at January 2013 into 
DQ�HVWLPDWLRQ�SHULRG�DQG�D�IRUHFDVWLQJ�SHULRG��:H�XVH�REVHUYDWLRQV�IURP�-XQH������
to January 2013 to estimate the model and then perform an out-of sample forecasts 
RYHU�WKH�SHULRG�)HEUXDU\������WR�0D\�������)RXU�IRUHFDVW�KRUL]RQV�DUH�XVHG����VWHS�
DKHDG��RQH�PRQWK�����VWHSV�DKHDG��WKUHH�PRQWKV�����VWHSV�DKHDG��VL[�PRQWKV���DQG�
���VWHSV�DKHDG��RQH�\HDU���7KH�506(�LV�XVHG�DV�WKH�EDVLV�IRU�MXGJLQJ�IRUHFDVW�DFFX-
UDF\�ZKLOH�WKH�0HDQ�$EVROXWH�(UURU��0$(��LV�XVHG�DV�UREXVWQHVV�FKHFNV�

����0RGHO�VSHFL¿FDWLRQ

$5,0$�PRGHO�VSHFL¿FDWLRQ

The arima model consists of an autoregressive (ar) part where the series depends 
on its past values, and a moving average (ma) component where the series depends 
RQ�LWV�SDVW�HUURUV��7KH�JHQHUDO�YHUVLRQ�RI�WKH�$50$��S��T��PRGHO�LV�JLYHQ�E\�

 (1)

:KHUH St�LV�H[FKDQJH�UDWH��¡t is a white noise series, p and q are non-negative inte-
gers, ai and  i�DUH�FRHI¿FLHQWV�RI�WKH�$5�DQG�0$�WHUPV�UHVSHFWLYHO\��S�W�L� is the lag 
RI�H[FKDQJH�UDWH��İ�W�L��LV�WKH�ODJ�RI�WKH�HUURU�ZKLFK�GHVFULEHV�LQQRYDWLRQV�LQ�H[FKDQJH�
UDWH��7KH�$5,0$�PRGHO�LPSOLHV�WKDW�WKH�VHULHV��LQ�WKLV�FDVH�H[FKDQJH�UDWH��GHSHQGV�
on its past values and the past values of white noise series. 

$Q�$5,0$�SURFHVV�VKRZV�D�FRPELQDWLRQ�RI�WKH�FKDUDFWHULVWLFV�RI�WKH�$5�DQG�0$�
processes. an ar process has a geometrically declining acf (autocorrelation func-
WLRQ��DQG�D�QXPEHU�RI�QRQ�]HUR�SRLQWV�RI�3$&)V��SDUWLDO�DXWR�FRUUHODWLRQ�IXQFWLRQV��
ZKLOH�DQ�0$�SURFHVV�KDV�D�QXPEHU�RI�QRQ�]HUR�SRLQWV�RI�$&)V�DQG�JHRPHWULFDOO\�

��=���+� �������
��� � �� � �������

��� �
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GHFOLQLQJ�3$&)V��$5,0$�SURFHVV�ZLOO�EH�KDYLQJ�ERWK�JHRPHWULFDOO\�GHFOLQLQJ�$&)�
and Pacf. an essential condition for time series analysis is that, the underlying se-
ULHV�PXVW�EH�VWDWLRQDU\��6R�IRU�WKH�VWDWLRQDU\�FRQYHUVLRQ�RI�WKH�VHULHV��RQH�PRUH�OHWWHU�
�µ,¶��LV�DGGHG�LQ�WKH�$50$�SURFHVV��ZKLFK�VKRZV�WKH�QXPEHU�RI�WLPHV�WKH�XQGHUO\LQJ�
VHULHV�PXVW�EH�GLIIHUHQFHG�WR�PDNH�LW�VWDWLRQDU\��2Q�DFFRXQW�RI�WKLV�WUDQVIRUPDWLRQ��
the arma process is also referred as arima process.  

:KHUH�h is the forecast origin and Fh�WKH�LQIRUPDWLRQ�DYDLODEOH�DW�WKH�IRUHFDVW�RULJLQ�h.

6SHFL¿FDWLRQ�RI�WKH�$5&+�7\SH�5:0

7KLV�VWXG\�HPSOR\V�D�QRQ�OLQHDU�5:0�ZKLFK�LV�RI�WKH�$5&+�W\SH��,W�LV�VSHFL¿HG�
as follows:

 

(TXDWLRQ��D� LV� WKH�FRQGLWLRQDO�PHDQ�HTXDWLRQ��7KH�VHFRQG�HTXDWLRQ��HTXDWLRQ��E��
GHVFULEHV�WKH�FRQGLWLRQDO�YDULDQFH�RI�WKH�PRQWKO\�H[FKDQJH�UDWH�VHULHV�ht, modelled 
as a function of its own lagged q conditional variances and the lagged p squared 
UHVLGXDOV��'XH� WR� WKH�ZLGHO\� KHOG� QRWLRQ� E\�0HHVH� DQG�5RJRII� ������� DQG� RWKHU�
UHVHDUFKHUV�IROORZLQJ�WKHP��WKDW�WKH�5:0�LV�XQEHDWDEOH��ZH�XVH�WKH�5:0�DV�WKH�
EHQFKPDUN�PRGHO�

GARCH family
7KHUH�DUH�D�QXPEHU�RI�PRGHOV�XVHG�LQ�HVWLPDWLQJ�XQLYDULDWH�YRODWLOLW\�RI�¿QDQFLDO�
time series under the Generalised autoregressive conditional heteroscedastic frame-
work. some of these include autoregressive conditional heteroscedastic (arch) 
model, generalised autoregressive conditional heteroscedastic (Garch) model, a 
*$5&+� LQ� WKH�PHDQ� �*$5&+�0��PRGHO�� WKH� H[SRQHQWLDO�*$5&+� �(*$5&+��
model, the conditional autoregressive moving average (charma) model, and the 
UDQGRP�FRHI¿FLHQW�DXWRUHJUHVVLYH��5&$��PRGHO��$V�DQ�LOOXVWUDWLYH�H[DPSOH��ZH�HP-
SOR\�WKH�*$5&+�PRGHO�WR�GHVFULEH�WKH�PHWKRGRORJ\�XQGHU�WKLV�VHFWLRQ�

'HYHORSHG� LQGHSHQGHQWO\� E\� %ROOHUVOHY� ������� DQG� 7D\ORU� �������� WKH� *$5&+�
PRGHO�DOORZV�WKH�FRQGLWLRQDO�YDULDQFH�WR�EH�GHSHQGHQW�XSRQ�LWV�RZQ�SDVW�ODJV��7KH�
Garch model was developed due to the fact that its predecessor arch model 
UHTXLUHG�WRR�PDQ\�SDUDPHWHUV�WR�GHVFULEH�WKH�YRODWLOLW\�RI�DVVHW�UHWXUQ��7VD\���������
7KH�VLPSOHVW�UHSUHVHQWDWLRQ�RI�WKH�PRGHO��*$5&+��������LV�JLYHQ�E\�

The multi-step ahead forecast (�-step) is presented as: 

 
�� � � � ���� �� � �� � ���

��� �� �� � � ���
��� ���� � ��  (2) 

�

The multi-step ahead forecast (�-step) is presented as: 

 
�� � � � ���� �� � �� � ���

��� �� �� � � ���
��� ���� � ��  (2) 

�

�� � �� � ������ � ����              (3a) 
 

�� � �� � ���
��� ����� � ���

��� ���� (3b) 
�

�� � �� � ������ � ����              (3a) 
 

�� � �� � ���
��� ����� � ���

��� ���� (3b) 
�

�� � ����  ��� � �� � ������� � ������                                         (4) 

�

,
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7KH�YRODWLOLW\�HTXDWLRQ�DERYH�KDV�DQ�DFFRPSDQ\LQJ�PHDQ�HTXDWLRQ�ZKLFK�XVXDOO\�
follows an arma process. in this study we determine for each country whether a 
Garch model or a Garch-m is more appropriate model for forecasting each 
H[FKDQJH�UDWH��7KH�*$5&+�0�LV�FRQVLGHUHG�EHFDXVH�LQ�¿QDQFH�� WKH�UHWXUQ�RQ�DQ�
asset depends on its volatility. in a Garch-m model, we add the volatility term to 
WKH�HTXDWLRQ�WR�V\PEROLVH�WKH�IDFW�WKDW�WKH�UHWXUQV�RQ�WKH�H[FKDQJH�UDWH�VHULHV�GHSHQG�
on the volatility. The associated mean equation which follows an ar(1) process and 
contains a Garch term is:

 (5)

:KHUH�WKH�FXUUHQW�H[FKDQJH�UDWH�St depends on its previous value (St - 1���$V�XVXDO�^İt} 
LV�WKH�HUURU�WHUP��7KH�FRHI¿FLHQW�c is a measure of risk premium.

7KH�*$5&+��������FDQ�EH�H[WHQGHG�WR�D�*$5&+��S��T��IRUPXODWLRQ��ZKHUH�WKH�
FXUUHQW�FRQGLWLRQDO�YDULDQFH�LV�VSHFL¿HG�WR�GHSHQG�XSRQ�q lags of the squared error 
and p lags of the conditional variance as follows:

Where {��} represents a sequence of error terms. The model states that the current 
fitted variance ����� is a weighted function of a long-term average value (dependent 
on �� ), information about volatility during the previous period (������� ) and the fitted 
variance from the model during the previous period (������ �.  
�

�� � �� � ������ � ���� � �� 

��� � �� � ������� � ������� ��� ������� � ������� � ������� ��� �������  (6) 

or 

��� � �� � ��
�

���
����� � �������

�

���
 

After estimating the above model we can then forecast the model over a time horizon. 
Using the GARCH (1, 1) as an example and given h as the forecast origin, we can 
generate the1-step forecast as follows: 

����� � �� � ����� � ���� 

Where �� and  ��� are known at time h.  Based on this, the 1-step ahead forecast is: 

������ � �� � ����� � ���� 

To generate the multi-step forecast, we make use of the fact that �� � ���� and rewrite 
the GARCH (1, 1) volatility equation as: 

����� � �� � ��� � ������ � ��������� � �� 
Given�� � � � �, we can rewrite the above equation as:  

����� � �� � ��� � �������� � ������� ������ � �� 
Based on the fact that�� ���� �� � �, we can write the 2-steps ahead forecast at the 
forecast origin h as: 

������ � �� � ��� � ��������� 
Thus, we can write the multi-step ahead forecast generally as: 

������ � �� � ��� � �������� � ��,  � � � 
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��� � �� � ������� � ������� ��� ������� � ������� � ������� ��� �������  (6) 

or 

��� � �� � ��
�

���
����� � �������

�

���
 

After estimating the above model we can then forecast the model over a time horizon. 
Using the GARCH (1, 1) as an example and given h as the forecast origin, we can 
generate the1-step forecast as follows: 

����� � �� � ����� � ���� 

Where �� and  ��� are known at time h.  Based on this, the 1-step ahead forecast is: 

������ � �� � ����� � ���� 

To generate the multi-step forecast, we make use of the fact that �� � ���� and rewrite 
the GARCH (1, 1) volatility equation as: 

����� � �� � ��� � ������ � ��������� � �� 
Given�� � � � �, we can rewrite the above equation as:  

����� � �� � ��� � �������� � ������� ������ � �� 
Based on the fact that�� ���� �� � �, we can write the 2-steps ahead forecast at the 
forecast origin h as: 

������ � �� � ��� � ��������� 
Thus, we can write the multi-step ahead forecast generally as: 

������ � �� � ��� � �������� � ��,  � � � 

 �� � � � ���� �� � �� � ��
�

���
�� �� � � ��

�

���
���� � �� 

�� � �� ������� ��������� � ���  

Where �� is a vector of endogenous variables, �� is a k-dimensional vector, � is a 
��� vector and ���� is a sequence of serially uncorrelated random vectors with zero 
mean and a positive definite covariance matrix �. 

In this study we employ a multivariate VAR which models the exchange rate series of 
each country as a function of the lagged values of other countries exchange rates. 
Thus, �� is a vector of endogenous variables defined as: 

�� � ������������������� ������������ ������ 
Where GB_US is the exchange rate of the Gambian Dalasi to the US Dollar, GH_US 
is the exchange rate of the Ghana Cedi to the US Dollar, GU_US is the exchange rate 
of the Guinean Franc to the US Dollar, LI_US is the exchange rate of the Liberian 
Dollar to the US Dollar, NG_US is the exchange rate of the Nigerian Naira to the US 
Dollar, and SI_US the exchange of the Sierra Leonean Leone to the US Dollar. 
Based on the VAR(p) model, we can perform 1-step ahead, 2-step ahead and multi-
step ahead forecast as follows: 
1-step ahead forecast: 

����� � �� � ��

�

���
������ 

The 2-step ahead forecast is: 

�� � � �� ����� � � ��

�

���
������ 

 

:KHUH�*%B86�LV�WKH�H[FKDQJH�UDWH�RI�WKH�*DPELDQ�'DODVL�WR�WKH�86�'ROODU��*+B86�
LV�WKH�H[FKDQJH�UDWH�RI�WKH�*KDQD�&HGL�WR�WKH�86�'ROODU��*8B86�LV�WKH�H[FKDQJH�UDWH�
RI�WKH�*XLQHDQ�)UDQF�WR�WKH�86�'ROODU��/,B86�LV�WKH�H[FKDQJH�UDWH�RI�WKH�/LEHULDQ�
'ROODU�WR�WKH�86�'ROODU��1*B86�LV�WKH�H[FKDQJH�UDWH�RI�WKH�1LJHULDQ�1DLUD�WR�WKH�
86�'ROODU��DQG�6,B86�WKH�H[FKDQJH�RI�WKH�6LHUUD�/HRQHDQ�/HRQH�WR�WKH�86�'ROODU�

%DVHG�RQ�WKH�9$5�S��PRGHO��ZH�FDQ�SHUIRUP���VWHS�DKHDG����VWHS�DKHDG�DQG�PXOWL�
step ahead forecast as follows:

:KHUH�St�LV�D�YHFWRU�RI�HQGRJHQRXV�YDULDEOHV0�� is a k-dimensional vector,  is a k×k 
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DQG�D�SRVLWLYH�GH¿QLWH�FRYDULDQFH�PDWUL[���

,Q�WKLV�VWXG\�ZH�HPSOR\�D�PXOWLYDULDWH�9$5�ZKLFK�PRGHOV�WKH�H[FKDQJH�UDWH�VHULHV�
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6SHFL¿FDWLRQ�RI�WKH�9$5�0RGHO
The vector autoregressive (Var) model is a multivariate time series model. it was 
PDGH�SRSXODU�LQ�HFRQRPHWULF�WLPH�VHULHV�E\�6LPV���������$�9$5�LV�D�V\VWHPV�UH-
JUHVVLRQ�PRGHO�DQG�FDQ�EH�YLHZHG�DV�D�K\EULG�EHWZHHQ�XQLYDULDWH�WLPH�VHULHV�DQG�
simultaneous equations models. Thus, a Var model contains more than one de-
SHQGHQW�YDULDEOH��7KH�9$5�KHOSV�WR�RYHUFRPH�HQGRJHQHLW\�SUREOHP�ZKLFK�LV�RIWHQ�
common in most time series models. The general form of the Var (Var(p) model) 
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�� � �� ������� ��������� � ���  
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,Q� WKH� VWXG\�� WKH� 6FKZDU]� ,QIRUPDWLRQ� &ULWHULD� LV� XVHG� DV� WKH� PRGHO� VHOHFWLRQ� 
criterion.

3.4  Forecast evaluation

*HQHUDOO\�� WKHUH�DUH� WZR�PDLQ�DSSURDFKHV� WR� IRUHFDVWLQJ��YL]�� HFRQRPHWULF� �VWUXF-
tural) forecasting and time series forecasting. Econometric forecasting relates one 
GHSHQGHQW�YDULDEOH�WR�D�VHULHV�RI�LQGHSHQGHQW�YDULDEOHV�ZKLOH�WLPH�VHULHV�IRUHFDVW-
LQJ� HQWDLOV� SUHGLFWLQJ� WKH� IXWXUH� YDOXHV� RI� D� VHULHV� JLYHQ� LWV� SUHYLRXV� YDOXHV� DQG�
or previous values of an error term. The approach used in this study is time series 
IRUHFDVWLQJ��)RUHFDVWLQJ�RI�¿QDQFLDO�WLPH�VHULHV�FDQ�EH�SHUIRUPHG�LQ�VDPSOH�RU�RXW�
of-sample. The same set of data used in estimating the model is used for forecasting 
LQ�VDPSOH��'XH�WR�WKH�IDFW�WKDW�ZH�ZLOO�JHQHUDOO\�H[SHFW�IRUHFDVW�PRGHOV�WR�SHUIRUP�
ZHOO�LQ�VDPSOH��LW�LV�XVXDOO\�LPSHUDWLYH�WR�HVWLPDWH�WKH�PRGHO�E\�VHWWLQJ�DVLGH�VRPH�
RI�WKH�REVHUYDWLRQV�DV�D�KROG�RXW�VDPSOH��,Q�WKLV�FDVH��WKH�PRGHO�LV�HVWLPDWHG�XVLQJ�
some of the data, and then forecasts are done using the hold out sample. This is 
known as out-of-sample forecasting. This paper employs the out-of sample forecast 
DSSURDFK��:H�FRPSDUH�WKH�IRUHFDVWV�SHUIRUPDQFH�RI�WKH�WLPH�VHULHV�PRGHOV�RYHU�IRXU�
����IRUHFDVWV�KRUL]RQV��RQH�PRQWK��WKUHH�PRQWKV��VL[�PRQWKV�DQG�WZHOYH�PRQWKV��:H�
use the root mean square Error (rmsE) as the measure of forecast accuracy.  The 
rmsE is simply the standard deviation of the forecast errors. Therefore, the smaller 
WKH�YDOXH�RI�WKH�506(�WKH�EHWWHU�WKH�IRUHFDVW��,W�LV�JLYHQ�E\�WKH�IRUPXOD�

  
� ���

 

4. Results and discussion 
4.1 Descriptive statistics

7DEOH���FRQWDLQV�WKH�GHVFULSWLYH�VWDWLVWLFV�RI�WKH�H[FKDQJH�UDWH�VHULHV�IRU�HDFK�RI�WKH�
:$0=�FRXQWULHV��)RU�HDFK�RI�WKH�VHULHV��WKH�YRODWLOLW\�LV�VPDOOHU�WKDQ�WKH�DYHUDJH��
*LYHQ�WKH�YRODWLOLW\�YDOXHV��WKHUH�LV�TXLWH�VRPH�DPRXQW�RI�YRODWLOLW\�LQ�WKH�H[FKDQJH�
UDWH�VHULHV��*%B86�LV� WKH�H[FKDQJH�UDWH�RI� WKH�*DPELDQ�'DODVL� WR� WKH�86�'ROODU��
*+B86� LV� WKH�H[FKDQJH� UDWH�RI� WKH�*KDQD�&HGL� WR� WKH�86�'ROODU��*8B86� LV� WKH�
H[FKDQJH�UDWH�RI�WKH�*XLQHDQ�)UDQF�WR�WKH�86�'ROODU��/,B86�LV�WKH�H[FKDQJH�UDWH�RI�
WKH�/LEHULDQ�'ROODU�WR�WKH�86�'ROODU��1*B86�LV�WKH�H[FKDQJH�UDWH�RI�WKH�1LJHULDQ�
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1DLUD�WR�WKH�86�'ROODU��DQG�6,B86�WKH�H[FKDQJH�RI�WKH�6LHUUD�/HRQHDQ�/HRQH�WR�WKH�
86�'ROODU��7KXV��HDFK�H[FKDQJH�UDWH�LV�LQ�XQLWV�RI�WKH�ORFDO�FXUUHQF\�SHU�XQLW�RI�WKH�
us Dollar.

Table 1. Descriptive statistics

GB_US GH_US GU_US NG_US LI_US SI_US

 Mean  21.51168  0.907384 -6325.725  107.6379  49.05591  2532.028

 Median  24.76302  0.896362  2013.466  128.1516  56.81000  2621.295

 Maximum  39.60000  2.830000  7460.083  164.7198  83.57000  4331.236

 Minimum  9.305682  0.092007 -1249115.  21.89000  1.000000  570.0351

 Std. Dev.  8.772546  0.618115  106958.3  49.92167  25.13187  1154.646

 Skewness -0.120633  0.639124 -10.88984 -0.890942 -0.995187  0.024679

 Kurtosis  1.609289  2.936302  120.2185  2.267398  2.725569  1.979368

 Jarque-Bera  19.92287  16.37978  142145.4  37.11818  39.86443  10.44127

 Probability  0.000047  0.000277  0.000000  0.000000  0.000000  0.005404

 Sum  5162.803  217.7722 -1518174.  25833.09  11626.25  607686.6

 Sum Sq. Dev.  18392.86  91.31373  2.73E+12  595629.4  149060.1  3.19E+08

 Observations  240  240  240  240  237  240

 
apart from the series for Ghana and sierra leon which are positively skewed, the rest 
RI�WKH�VHULHV�DUH�QHJDWLYHO\�VNHZHG��7KH�VNHZHG�QDWXUH�RI�WKH�GDWD�LV�FRQ¿UPHG�E\�
WKH�-DUTXH�%HUUD�VWDWLVWLFV�ZKLFK�VKRZ�WKDW�DOO�WKH�H[FKDQJH�UDWH�VHULHV�DUH�QRQ�QRU-
PDOO\�GLVWULEXWHG�

4.2 Time series characteristics of the models

,Q�WLPH�VHULHV�DQDO\VLV��LW�LV�LPSHUDWLYH�WR�H[DPLQH�WKH�FKDUDFWHULVWLFV�RI�WKH�VHULHV�
in terms of stationarity and the order of integration. from the graphs of the levels 
in figure 1, there is an upward trend in each of the series suggesting that the series 
DUH�DOO�SUREDEO\�QRQ�VWDWLRQDU\��%XW��EHFDXVH�RI�WKH�DPELJXLW\�LQ�MXGJLQJ�VWDWLRQDULW\�
from the graphs of the series we employ the aDf to test for unit root. The results are 
VKRZQ�LQ�7DEOH���
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Figure 1. graphs of the levels of the series in the dataset
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(c) Guinea        (d) Liberia  
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�
$W�OHYHOV��DOO�WKH�H[FKDQJH�UDWH�VHULHV�LQ�WKH�:$0=�DUH�QRQ�VWDWLRQDU\�DW����VLQFH�
DOO�WKH�S�YDOXHV�DUH�JUHDWHU�WKDQ�������+RZHYHU��WKH�VHULHV�DUH�DOO�VWDWLRQDU\�DW�¿UVW�
difference. Thus, all the series are integrated of order i(1). The implication is that all 
WKH�VHULHV�HQWHU�WKH�PRGHO�DW�¿UVW�GLIIHUHQFH���
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Table 2. Augmented Dickey-Fuller (ADF) tests for WAMZ countries

ADF-Unit Root Test (t-statics) ADF-Unit Root Test (p-value)
Variable level first Difference level first Difference

gB_US 0.244114 ��������� ������ 0.0000

gH_US 2.535463 -5.383662 1.0000 0.0000

gU_US ��������� ��������� ������ 0.0000

LI_US ��������� ��������� 0.5160 0.0000

Ng_US -1.365544 ��������� ������ 0.0000

SI_US ��������� ��������� ������ 0.0000
   
Cointegration test
:H�FRQGXFW� D� -RKDQVHQ� FRLQWHJUDWLRQ� WHVW� WR� GHWHUPLQH�ZKHWKHU� WR� HVWLPDWH� D� UH-
VWULFWHG�9$5�RU�DQ�XQUHVWULFWHG�9$5��9HFWRU�(UURU�&RUUHFWLRQ�0RGHO����:H�H[FOXGH�
WKH�*DPELD�VDPSOH�IURP�WKH�9$5�WHVWV�EHFDXVH�ZKHQ�LW�LV�LQFOXGHG�WKH�VDPSOH�VL]H�
RI�WKH�HQWLUH�VHULHV�FXWV�RII�DW��������%RWK�WKH�7UDFH�DQG�WKH�0D[LPXP�(LJHQYDOXH�
FRLQWHJUDWLRQ�UDQN�WHVW�LQ�7DEOH��D�DQG�7DEOH��E�LQGLFDWH�WKDW�WKHUH�LV�QR�FRLQWHJUDWLRQ�
DW�WKH����OHYHO��7KLV�LV�GHVSLWH�WKH�IDFW�WKDW�WKH�VHULHV�DUH�LQWHJUDWHG�DW�RUGHU������

Table 3a. Unrestricted cointegration rank test (trace) 

+\SRWKHVL]HG Trace 0.05
no. of cE(s) Eigenvalue statistic critical Value 3URE�
none ��������� ��������� ���������  0.2222
at most 1  0.083884  35.03025 ���������  0.4464
at most 2 ��������� ��������� ��������� �������
at most 3 ��������� ��������� ��������� �������
at most 4 ���������  3.240862  3.841466 �������

*Trace test indicates no cointegration at the 0.05 level

Table 3b. Unrestricted cointegration rank test (maximum eigenvalue)

+\SRWKHVL]HG 0D[�(LJHQ 0.05
no. of cE(s) Eigenvalue statistic critical Value 3URE�
none ��������� ��������� ���������  0.3581
at most 1  0.083884  20.32606 ��������� �������
at most 2 ��������� ���������  21.13162 �������
at most 3 ��������� ���������  14.26460 �������
at most 4 ���������  3.240862  3.841466 �������

* Maximum Eigenvalue test indicates no cointegration at the 0.05 level
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This implies that we can proceed to estimate an unrestricted Var model and per-
form the forecast.

4.3 Evidence of nonlinearity in the residuals of the linear Random Walk Model 
�5:0�

2QH�RI�WKH�FODLPV�RI�WKLV�VWXG\�LV�WKDW�D�OLQHDU�UDQGRP�ZDON�PRGHO�ZLOO�QRW�¿W�WKH�
H[FKDQJH�UDWH�VHULHV�LQ�WKH�:$0=��7KLV�LV�YHUL¿HG�E\�WHVWLQJ�ZKHWKHU�WKH�UHVLGXDOV�
UHWULHYHG�IURP�WKH�QDwYH�UDQGRP�ZDON�PRGHOV�LQGLFDWH�PRGHO�PLVVSHFL¿FDWLRQ��:H�
HPSOR\� WKH�%'6� WHVW� GHYHORSHG�E\�%URFN��'HFKHUW� DQG�6FKHLQNPDQ� ��������7KH�
%'6�WHVW�LV�DUJXDEO\�WKH�PRVW�SRSXODU�WHVW�IRU�QRQOLQHDULW\��,W�ZDV�RULJLQDOO\�GHVLJQHG�
WR�WHVW�ZKHWKHU�GDWD�IROORZV�DQ�,,'��,QGHSHQGHQWO\�DQG�,GHQWLFDOO\�'LVWULEXWHG��SUR-
FHVV�ZLWK� WKH�YLHZ� WR�GHWHFWLQJ� WKH�SUHVHQFH�RI�QRQ�UDQGRP�FKDRV��6XEVHTXHQWO\��
WKH�%'6�WHVW�KDV�EHHQ�XVHG�WR�WHVW�IRU�PRGHO�PLVVSHFL¿FDWLRQ��:KHQ�DSSOLHG�WR�WKH�
UHVLGXDOV�RI�D�¿WWHG�OLQHDU�PRGHO��WKH�%'6�LV�DEOH�WR�LGHQWLI\�UHPDLQLQJ�OLQHDU�GH-
SHQGHQFH�DQG�WKH�H[LVWHQFH�RI�DQ\�RPLWWHG�QRQOLQHDU�VWUXFWXUH��)DLOXUH�WR�UHMHFW�WKH�
null hypothesis implies that we cannot reject the linear model. a rejection of the null 
KRZHYHU�PHDQV�WKDW�WKH�RULJLQDO�OLQHDU�PRGHO�KDV�EHHQ�PLVVSHFL¿HG��FDOOLQJ�IRU�WKH�
need to use a nonlinear model.

7DEOH���LQGLFDWHV�WKDW��ZLWK�WKH�H[FHSWLRQ�RI�WKH�PRGHO�IRU�*XLQHD��WKH�PRGHOV�IRU�DOO�
RWKHU�FRXQWULHV�VKRZ�D�VLJQL¿FDQFH�RI�WKH�%'6�WHVW�HYHQ�DW�����DOO�WKH�S�YDOXHV�DUH�
]HUR���7KXV��ZH�UHMHFW�WKH�QXOO�K\SRWKHVLV�RI�OLQHDULW\��7KLV�PHDQV�WKDW��WKH�H[FKDQJH�
VHULHV�IRU�*DPELD��*KDQD��/LEHULD��1LJHULDQ�DQG�6LHUUD�/HRQ�GR�QRW�IROORZ�D�OLQHDU�
UDQGRP�ZDON�SURFHVV��$ODJLGHGH��������H[SODLQV�WKDW��QRQOLQHDULW\�FRXOG�EH�LQGLFD-
WLYH�RI�PDUNHW�LQHI¿FLHQF\��YDULDWLRQV�LQ�LQYHVWRUV¶�UHVSRQVH�WR�SULFH�LQIRUPDWLRQ��RU�
lags in response to information. 

in the case of Guinea, we fail to reject the null hypothesis of linearity. This means 
WKDW�WKH�H[FKDQJH�UDWH�VHULHV�IRU�JXLQHD�IROORZV�D�OLQHDU�UDQGRP�ZDON�SURFHVV��2Q�WKH�
EDVLV�RI�WKH�DERYH�UHVXOWV��ZH�SURFHHG�WR�HVWLPDWH�D�OLQHDU�UDQGRP�ZDON�IRU�*XLQHD�
and nonlinear random walk for the other countries.
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Table 4. BDS Test for residuals

([FKDQJH�5DWH�
9DULDEOH

Dimension %'6�7HVW�
statistic

standard 
Error

=�VWDWLVWLF P-value

*%B86 2 ���������  0.008284  8.053641  0.0000
3 ���������  0.013260 ���������  0.0000
4  0.162350 ��������� ���������  0.0000
5 ��������� ��������� ���������  0.0000
6 ��������� ��������� ���������  0.0000

*+B86 2 ��������� ��������� ���������  0.0000
3 ��������� ���������  12.22016  0.0000
4 ���������  0.014824 ���������  0.0000
5  0.218843  0.015543 ���������  0.0000
6  0.241651  0.015081 ���������  0.0000

*8B86  2 �����(��� ��������� -0.134080 �������
 3 -0.000142 ��������� ��������� �������
 4 -0.000248 ��������� ��������� �������
 5 ���������  0.002835 ��������� �������
 6 ��������� ��������� ���������  0.8813

/,B86  2 ���������  0.008204  4.132158  0.0000
 3  0.084330  0.013133  6.421036  0.0000
 4 ��������� ��������� ���������  0.0000
 5  0.135481 ��������� ���������  0.0000
 6  0.136888 ��������� ���������  0.0000

   
1*B86  2  0.046633 ��������� ���������  0.0000

 3 ���������  0.012204 ���������  0.0000
 4 ���������  0.014636 ���������  0.0000
 5 ���������  0.015368 ���������  0.0000
 6  0.112605 ��������� ���������  0.0000

6,B86�  2 ��������� ��������� ���������  0.0000
 3  0.135832  0.013111 ���������  0.0000
 4 ��������� ��������� ���������  0.0000
 5 ���������  0.016546 ���������  0.0000
 6  0.228260 ���������  14.18112  0.0000
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4.4  Exploring the forecast performance of individual models over various forecast 
horizons

Table 5. Composite table of forecasting accuracy measured using RMSE 

*%B86 *+B86 *8B86 /,B86 1*B86 6,B86
One month
arima �������� �������� �������� 0.204043 �������� 20.04135
5:0 �������� �������� �������� �������� �������� ��������
Garch(-m) �������� 0.002833 8.355045 �������� �������� ��������
Var 0.004521 10.80650 0.106401 �������� 12.83658
Three months
arima �������� �������� �������� �������� �������� ��������
5:0 �������� �������� �������� �������� 0.430052 ��������
Garch(-m) �������� �������� �������� �������� 1.148238 ��������
Var �������� 14.20282 �������� �������� ���������
Six months
arima �������� �������� 46.82105 �������� 0.622405 ��������
5:0 �������� �������� �������� �������� �������� 22.68563
Garch(-m) 1.668452 0.046683 �������� �������� �������� ��������
Var �������� 46.08303 0.432046 �������� ��������
Twelve months
arima �������� �������� �������� �������� 2.183316 ��������
5:0 �������� 0.244234 �������� �������� �������� 25.13553
Garch-m �������� 0.133605 �������� �������� �������� ��������
Var �������� 52.84433 ��������� �������� 15.44404

$OO�GLVFXVVLRQV�EHORZ�DUH�GRQH�ZLWK�UHVSHFW�WR�7DEOH���DERYH�

Results of ARIMA Forecasts
$Q�$5,0$�PRGHO�ZDV� ¿WWHG� IRU� HDFK� FRXQWU\� EDVHG� RQ� WKH� EHVW�$5,0$�PRGHO�
VHOHFWHG�IURP�WKH�DXWRPDWLF�$5,0$�VHOHFWLRQ�DGG�LQ�LQ�HYLHZV��7KH�6FKZDU]�LQIRU-
mation criterion assisted in the model selection process. The ar and ma terms in the 
$5,0$�PRGHOV�UDQJH�IURP���WR����7KH�UHVXOWV�RI�WKH�IRUHFDVW�DUH�VKRZQ�LQ�7DEOH���

:H�FRPSDUH�WKH�IRUHFDVW�RYHU�IRXU�IRUHFDVW�KRUL]RQV�QDPHO\�RQH�PRQWK����VWHS�
DKHDG��WKUHH�PRQWKV����VWHSV�DKHDG���VL[�PRQWKV��VL[�VWHSV�DKHDG���DQG�WZHOYH�PRQWKV�
����VWHSV�DKHDG���)RU�*KDQD��/LEHULD�DQG�1LJHULD��FRQVLVWHQWO\��WKH�RQH�PRQWK�IRUH-
FDVW�LV�EHWWHU�WKDQ�WKH�WKUHH�PRQWK�IRUHFDVW��ZKLFK�LQ�WXUQ�LV�EHWWHU�WKDQ�WKH�VL[�PRQWK�
IRUHFDVW��ZKLFK� LV� DOVR� EHWWHU� WKDQ� WKH� WZHOYH�PRQWK� IRUHFDVW��7KH� LPSOLFDWLRQ� LV�
that for these countries, the farther we look into the future the more inaccurate our  
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prediction. in the case of sierra leone, the reverse is the case. The further we look 
LQWR� WKH�IXWXUH� WKH�FOHDUHU�RXU�YLVLRQ��ZKLFK�LV�D�ELW�VWUDQJH��)RU�*DPELD�� WKH�RQH�
PRQWK�IRUHFDVW� LV�EHWWHU� WKDQ�DOO� WKH�KRUL]RQV�H[FHSW�IRU� WKH� WKUHH�PRQWK�IRUHFDVW��
7KXV��DSDUW�IURP�WKH�6LHUUD�/HRQHDQ�FDVH��LQ�DOO�WKH�:$0=�FRXQWULHV�WKH�$5,0$�
forecast is more accurate over the short run than in the long run.

Results of non-linear RWM forecasts
:H�HVWLPDWH�D�QRQ�OLQHDU�YHUVLRQ�RI�WKH�UDQGRP�ZDON�PRGHO�H[FHSW�LQ�WKH�FDVH�RI�
*XLQHD�ZKHUH�D� OLQHDU�YHUVLRQ� LV�¿WWHG��:H�XVH�DQ�$5&+� W\SH�QRQ�OLQHDU�5:0��
7KH�UHVXOWV�DUH�VKRZQ�LQ�7DEOH����7KH�IRUHFDVWV�IURP�WKH�QRQ�OLQHDU�5:0�IROORZV�D�
VLPLODU�SDWWHUQ�DV�WKH�$5,0$�FDVH�DERYH��)RU�*KDQD��/LEHULD��*XLQHD��1LJHULD��DQG�
sierra leone, the short term forecasts are generally more accurate than the long term 
RQHV��$OVR��LQ�WKH�FDVH�RI�*DPELD��WKH�VKRUWHU�WKH�IRUHFDVW�KRUL]RQ�WKH�EHWWHU�WKH�IRUH-
FDVW��WKRXJK�WKH�WKUHH�PRQWK�IRUHFDVW�LV�VOLJKWO\�EHWWHU�WKDQ�WKH�RQH�PRQWK�IRUHFDVW��

Results of GARCH forecasts
7KH�EHVW�*$5&+�PRGHO�KDV�EHHQ�¿WWHG�IRU�HDFK�FRXQWU\��%HFDXVH�DOO�WKH�H[FKDQJH�
UDWH�VHULHV�DUH�QRW�QRUPDOO\�GLVWULEXWHG��HVWLPDWLQJ�WKH�*$5&+��0��PRGHO�XQGHU�WKH�
DVVXPSWLRQ�RI�QRUPDOLW\�ZLOO�\LHOG�FRQVLVWHQW�EXW�LQHI¿FLHQW�HVWLPDWRUV��7R�RYHUFRPH�
WKLV�SUREOHP��ZH�DVVXPH�D�*HQHUDOLVHG�(UURU�'LVWULEXWLRQ��*('��ZKLFK�DFFRPPR-
GDWHV�D�FRQWLQXXP�RI�ERWK�SODW\NXUWLF�DQG�OHSWRNXUWLF�GHQVLWLHV��7KXV�� WKH�*('�LV�
DEOH�WR�PRGHO�YDULDEOHV�WKDW�DUH�HLWKHU�QRUPDOO\�GLVWULEXWHG��RU�ULJKW�VNHZHG�RU�OHIW�
VNHZHG�UHODWLYH�WR�WKH�QRUPDO�GLVWULEXWLRQ��

:H�FKRRVH�WKH�*$5&+�PRGHO�RYHU�WKH�RWKHU�YRODWLOLW\�EDVHG�PRGHOV�EHFDXVH�RI�
WKH�HPSLULFDO�WUDFWDELOLW\�DQG�HDVH�RI�LQWHUSUHWDWLRQ�RI�WKH�*$5&+�PRGHO��7KH�DQDO-
\VLV�VKRZV�WKDW�IRU�*KDQD��*XLQHD�DQG�6LHUUD�/HRQ��WKH�*$5&+�0�PRGHO�¿WV�EHWWHU�
than the ordinarily Garch model. This means that, for these countries, volatility in 
WKH�H[FKDQJH�UDWH�DIIHFWV�WKH�UHWXUQV�RI�WKH�VDPH��+RZHYHU��IRU�/LEHULD�DQG�1LJHULD�
WKH� RUGLQDU\�*$5&+�PRGHO�¿WV� WKH� GDWD� EHWWHU� WKDQ� WKH�*$5&+�0�PRGHO��7KH�
UHVXOWV�RI�WKH�*$5&+��0��PRGHO�VKRZ�WKDW��IRU�*KDQD��/LEHULD��1LJHULD��DQG�6LHUUD�
/HRQH��WKH�VKRUW�WHUP�IRUHFDVWV�DUH�FRQVLVWHQWO\�EHWWHU�WKDQ�WKH�ORQJ�WHUP�IRUHFDVW��,Q�
WKH�FDVH�RI�*DPELD�DQG�*XLQHD�WKH���VWHS�DKHDG�IRUHFDVW�LV�PRUH�DFFXUDWH�WKDQ�DOO�WKH�
RWKHU�VWHSV�DKHDG�IRUHFDVW�ZLWK�WKH�H[FHSWLRQ�RI�WKH���VWHSV�DKHDG�IRUHFDVWV��,Q�WKH�
particular case of Guinea, the forecast error rate increases sharply over the long hori-
]RQ��7KH�LPSOLFDWLRQ�RI�WKH�IRUHFDVW�IURP�WKH�*$5&+��0��PRGHO�LV�WKDW��JHQHUDOO\��
VKRUW�WHUP�IRUHFDVW�DUH�PRUH�SUHFLVH�WKDQ�ORQJ�WHUP�IRUHFDVW�IRU�:$0=�FRXQWULHV��
7KH�GHWDLOHG�UHVXOWV�DUH�VKRZQ�LQ�7DEOH���

5HVXOWV�RI�9$5�IRUHFDVWV
7KH�IRUHFDVW� UHVXOWV�RI� WKH�XQUHVWULFWHG�9$5�PRGHO�DUH�SUHVHQWHG� LQ�7DEOH���� ,W� LV�
FOHDU�IURP�WKH�UHVXOWV�WKDW�IRU�:$0=�FRXQWULHV��WKH�9$5�PRGHO�SURGXFHV�D�IRUHFDVW�
that consistently reduces in accuracy as we move far into the future. This is consis-
WHQW�ZLWK�UHVXOWV�RI�WKH�$5,0$��5:0�DQG�*$5&+��0��PRGHOV�
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4.5 Comparing the forecast performance of time series models for WAMZ exchange 
rates 

7DEOH���FRQWDLQV�WKH�IRUHFDVW�RI�H[FKDQJH�UDWH�VHULHV�RI�WKH�IRXU�WLPH�VHULHV�PRGHOV�
IRU�DOO�:$0=�FRXQWULHV��:H�GLVFXVV�IRU�HDFK�FRXQWU\�WKH�SHUIRUPDQFH�RI�WKH�PRGHOV�
DQG�MXGJH�WKH�XQEHDWDEOHQHVV�RI�WKH�5:0��$OO�WKH�GLVFXVVLRQV�WKDW�IROORZ�DUH�EDVHG�
RQ�UHVXOWV�SURYLGHG�LQ�7DEOH����,Q�VRPH�FDVHV�JUDSKV�DUH�XVHG�IRU�FODULW\�

Forecast comparison for Gambia
,Q�WKH�FDVH�RI�*DPELD��IRU�DOO�WKH�IRUHFDVW�KRUL]RQV��WKH�*$5&+�0�PRGHO�RXWSHU-
IRUPV�WKH�EHQFKPDUN�QRQ�OLQHDU�5:0�ZKLOH�WKH�$5,0$�PRGHO�IDLOV�WR�RXWSHUIRUP�
WKH�QRQOLQHDU�5:0�LQ�RQO\�RQH�LQVWDQFH��VL[�PRQWK�IRUHFDVW�KRUL]RQ���7KLV�FOHDUO\�
GHEXQNV�WKH�QRWLRQ�KHOG�E\�0HHVH�DQG�5RJRII��������WKDW�WKH�5:0�LV�XQEHDWDEOH��
%HWZHHQ� WKH�*$5&+�0�DQG� WKH�$5,0$�PRGHOV��ZKLOH� WKH� IRUPHU� VOLJKWO\� RXW-
SHUIRUPV�WKH�ODWWHU�LQ�WKH�VL[�PRQWKV�IRUHFDVWV��WKH�ODWWHU�RXWSHUIRUPV�WKH�IRUPHU�LQ�
the one month, three months and twelve months forecast. The implication is that, 
LI�WKH�REMHFWLYH�LV�WR�SHUIRUP�D���VWHSV�DKHDG�IRUHFDVW�IRU�*DPELD�WKH�EHVW�PRGHO�WR�
XVH�LV�*$5&+�0��%XW�LI�WKH�REMHFWLYH�LV�WR�SHUIRUP���VWHS�DKHDG����VWHSV�DKHDG�RU�
���VWHSV�DKHDG�IRUHFDVW��WKH�EHVW�PRGHO�WR�XVH�LV�WKH�$5,0$�PRGHO�

Forecast comparison for Ghana
,Q�WKH�FDVH�RI�*KDQD��WKH�EHQFKPDUN�QRQ�OLQHDU�5:0�LV�XQEHDWDEOH�LQ�WKH���VWHS�
DKHDG�IRUHFDVW�OHQGLQJ�VRPH�FUHGHQFH�WR�WKH�0HHVH�DQG�5RJRII��������SRVWXODWLRQ��
2YHU�WKH�UHVW�RI�WKH�IRUHFDVW�KRUL]RQV�KRZHYHU��DOO�WKH�PRGHOV�RXWSHUIRUP�WKH�EHQFK-
mark model. The arima and Var models outperform the Garch-m model over 
WKH�PHGLXP�WR�ORQJ�WHUP�IRUHFDVW�KRUL]RQV��6HH�GHWDLOV�LQ�7DEOH���DQG�)LJXUH���

Figure 2. Forecast comparison for ghana
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Forecast comparison for Guinea
7KH�EHQFKPDUN�OLQHDU�5:0�RXWSHUIRUPV�DOO�WKH�PRGHOV�RYHU�DOO�IRUHFDVW�KRUL]RQV��
7KLV�SURYLGHV�IXOO�VXSSRUW�IRU� WKH�0HHVH�DQG�5RJRII��������VXSSRVLWLRQ��7KXV�� LQ�
IRUHFDVWLQJ�H[FKDQJH�UDWH�IRU�*XLQHD��WKH�EHVW�PRGHO�WR�XVH�LV�WKH�OLQHDU�5:0��)LJ-
XUH���VKRZV�FOHDUO\�WKDW�WKH�506(�RI�WKH�OLQHDU�5:0�LV�IDU�VPDOOHU�WKDQ�WKDW�RI�WKH�
other models.

Figure 3. Forecast comparison for guinea

Forecast comparison for Liberia
$SDUW�IURP�WKH�*$5&+�PRGHO��DOO�RWKHU�PRGHOV�RXWSHUIRUP�WKH�EHQFKPDUN�PRGHO�
RYHU�WKH�IRUHFDVW�KRUL]RQV��7KLV�SDUWLDOO\�VXSSRUWV�WKH�SRVLWLRQ�RI�0RRVD�DQG�%XUQ�
�������EXW�UHIXWHV�WKH�0HHVH�DQG�5RJRII��������SURJQRVLV��0RRVD�DQG�%XUQ¶V��������
DVVHUW�WKDW�G\QDPLF�PRGHOV�DUH�OLNHO\�WR�RXWSHUIRUP�WKH�5:0��7KH�9$5�PRGHO�SHU-
IRUPV�EHWWHU�WKDQ�DOO�WKH�PRGHOV�RYHU�DOO�WKH�KRUL]RQV�H[FHSW�LQ�WKH�FDVH�RI�WKH�WKUHH�
PRQWKV�IRUHFDVW�ZKHUH�WKH�$5,0$�PRGHO�VOLJKWO\�SHUIRUPV�EHWWHU��5HIHU�WR�7DEOH���
and figure 4 for more details.
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Figure 4. Forecast comparison for Liberia

Forecast comparison for Nigeria
7KH�$5,0$�PRGHO�RXWSHUIRUPV�WKH�EHQFKPDUN�PRGHO�LQ�DOO�IRUHFDVW�KRUL]RQV�H[-
FHSW�WKH����PRQWKV�IRUHFDVW��:KLOH�WKH�EHQFKPDUN�PRGHO�RXWSHUIRUPV�WKH�9$5�PRG-
el in the three month and twelve months forecast, the latter outperforms the former in 
WKH�RQH�PRQWK�DQG�VL[�PRQWK�IRUHFDVW�KRUL]RQV��7KHVH�¿QGLQJV�IXUWKHU�FDVW�GRXEW�RQ�
WKH�XQEHDWDEOHQHVV�RI�WKH�5:0��7KH�HUURU�UDWH�RI�WKH�*$5&+�PRGHO�LQFUHDVHV�UDS-
LGO\�RYHU�WKH�IRUHFDVW�KRUL]RQ��7KLV�PDNHV�WKH�*$5&+�PRGHO�WKH�PRVW�HUURU�SURQH�
IRUHFDVW�PRGHO�IRU�1LJHULD��7KH�$5,0$�PRGHO�DSSHDUV�WR�EH�WKH�EHVW�PRGHO�IRU�WKH�
1-step, 3-step, and 6-steps ahead forecast. for long term forecast, the Var model is 
WKH�PRVW�DFFXUDWH��5HIHU�WR�7DEOH���DQG�)LJXUH���IRU�SUHFLVH�GHWDLOV�

Figure 5. Forecast comparison for Nigeria
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Forecast comparison for Sierra Leone

$SDUW�IURP�WKH�RQH�DQG�WKUHH�PRQWK�IRUHFDVW�KRUL]RQV��DOO�WKH�PRGHOV�EHDW�WKH�QRQ-
OLQHDU�5:0��7KH�*$5&+�0�PRGHO�LV�WKH�PRVW�DFFXUDWH�WLPH�VHULHV�PRGHO�IRU�IRUH-
FDVWLQJ�H[FKDQJH�UDWH�VHULHV�LQ�6LHUUD�/HRQH�IRU�DOO�IRUHFDVW�KRUL]RQV�H[FHSW�IRU�WKUHH�
PRQWK�IRUHFDVW�ZKHUH�LW�LV�EHDWHQ�E\�WKH�9$5�PRGHO��7KH�5:0�LV�DEOH�WR�EHDW�WKH�
9$5�PRGHO�RQO\�LQ�WKH�VKRUW�WHUP��6HH�GHWDLOV�LQ�7DEOH���DQG�)LJXUH���

Figure 6. Forecast comparison for Sierra Leone

4.6  Robustness checks
'XH� WR� WKH� IDFW� WKDW� WKH�506(� LV� GHHPHG� GHIHFWLYH�ZKHQ� H[FKDQJH� UDWH� IROORZV�
D�QRQ�QRUPDO�3DUHWLDQ�SURFHVV�ZLWK�LQ¿QLWH�YDULDQFH��0HHVH�DQG�5RJRII�� � ��������
ZH�XVH�WKH�0HDQ�$EVROXWH�(UURU��0$(��DV�DQ�DOWHUQDWLYH�PHDVXUH�RI�IRUHFDVW�DF-
FXUDF\��7KH�UHVXOWV�DUH�VKRZQ�LQ�7DEOH����7KH�YDOXHV�RI�WKH�0$(�DUH�FRQVLVWHQWO\�
VPDOOHU�WKDQ�WKH�506(�YDOXHV�VXJJHVWLQJ�D�SRVVLEOH�ELDV�DVVRFLDWHG�ZLWK�WKH�506(��
+RZHYHU�� WKH� UHVXOWV� IURP� WKH�0$(� FRQVLVWHQWO\� FRQ¿UP� WKH� FRQFOXVLRQV� GUDZQ�
IURP�WKH�506(��*HQHUDOO\��WKH�VKRUWHU�WKH�IRUHFDVW�KRUL]RQ��WKH�PRUH�DFFXUDWH�WKH�
IRUHFDVW��)RUHFDVWV�IURP�WKH�QRQOLQHDU�5:0�DUH�JHQHUDOO\�LQIHULRU�WR�WKH�$5,0$��
*$5&+�0��� DQG�9$5�PRGHOV��+RZHYHU�� IRUHFDVWV� IURP� WKH� OLQHDU�5:0��LQ� WKH�
FDVH� RI�*XLQHD�� DUH� VXSHULRU� WR� DOO�PRGHO� IRUHFDVW� LQ� DOO� IRUHFDVW� KRUL]RQV��7KXV��
ZKHQ�OLQHDU��WKH�5:0�LV�XQEHDWDEOH��+RZHYHU��ZKHQ�OLQHDULW\�LV�YLRODWHG��WKH�5:0�
LV�HDVLO\�RXWSHUIRUPHG�E\�RWKHU�PRGHOV��
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Table 6. Composite table of forecasting accuracy measured using Mean  
Absolute Error (MAE)

*%B86 *+B86 *8B86 /,B86 1*B86 6,B86
One month
arima �������� �������� �������� 0.204043 �������� 20.04135
5:0 �������� �������� �������� �������� �������� ��������
Garch(-m) �������� 0.002833 �������� �������� �������� ��������
Var 0.004521 10.80650 0.106401 �������� 12.83658
Three months
arima �������� �������� �������� �������� 0.264200 ��������
5:0 �������� �������� �������� 0.408311 0.345225 ��������
Garch(-m) �������� 0.013248 8.355045 �������� �������� ��������
Var 0.010554 �������� 0.362226 �������� ��������
Six months
arima �������� 0.011540 �������� �������� �������� ��������
5:0 1.382686 �������� �������� �������� �������� ��������
Garch(-m) �������� �������� 41.34810 1.312850 �������� 6.533101
Var �������� �������� �������� �������� ��������
Twelve months
arima �������� �������� 43.42533 �������� �������� 15.64846
5:0 2.143364 �������� 1.681330 �������� 1.150530 ��������
Garch(-m) �������� �������� �������� �������� 2.482228 ��������
Var 0.032144 42.21268 �������� 0.826328 ��������

5. Conclusion 
2XU�¿QGLQJV�SURYLGH�HYLGHQFH�XVLQJ�PRQWKO\�H[FKDQJH�UDWH�GDWD�IURP�:$0=�FRXQ-
tries, to support the long held fact that time series models are more accurate in fore-
FDVWLQJ�VKRUW�WHUP�WKDQ�ORQJ�WHUP�KRUL]RQV��:H�DOVR�¿QG�HYLGHQFH�WR�UHIXWH�WKH�ERG\�
RI�HFRQRPLF�OLWHUDWXUH�WKDW�VXSSRUWV�WKH�YLHZ�WKDW�WKH�IRUHFDVWV�IURP�WKH�5:0�DUH�
VHFRQG�WR�QRQH��:H�VKRZ�WKDW�LI�D�QRQ�OLQHDU�5:0�LV�HVWLPDWHG��DQG�WKH�506(�LV�
used as the measure of forecast performance, the Var model, the arima model, 
DQG�WKH�*$5&+��0��PRGHO�RXWSHUIRUP�WKH�5:0��+RZHYHU��ZKHQ�WKH�DVVXPSWLRQ�
RI�OLQHDULW\�LV�PHW��WKH�5:0�LV�VXSHULRU�WR�DOO�PRGHOV�IRU�DOO�IRUHFDVW�KRUL]RQV�

:H�IXUWKHU�¿QG�WKDW��IRU�VRPH�WLPH�KRUL]RQV�DQG�IRU�VRPH�FRXQWULHV��WKH�5:0�LV�
DEOH�WR�RXWSHUIRUP�WKH�$5,0$��9$5�DQG�*$5&+�0�PRGHOV�OHQGLQJ�SDUWLDO�VXSSRUW�
IRU� WKH�0HHVH�DQG�5RJRII��������SURJQRVLV��:H�¿QG�RQO\�RQH�LQVWDQFH�ZKHUH�WKH�
5:0�EHDWV�DOO�WKH�PRGHOV�IRU�DOO�IRUHFDVW�KRUL]RQV��7KLV�LV�WKH�FDVH�RI�*XLQHD�ZKHUH�
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WKH��OLQHDU��5:0�RXWSHUIRUPV�DOO�WKH�PRGHOV�LQ�DOO�IRUHFDVW�KRUL]RQV��7KLV�VFHQDULR�
SURYLGHV�IXOO�VXSSRUW�IRU�WKH�0HHVH�DQG�5RJRII��������WKHVLV��7KXV��ZH�VKRZ�WKDW�LQ�
PRVW�FDVHV��WKH�5:0�LV�PRUH�EHDWDEOH�WKDQ�LW�LV�QRW�ZKHQ�WKH�DVVXPSWLRQ�RI�OLQHDULW\�
LV�YLRODWHG��7KH�VWXG\��WKRXJK�QRW�LQ�DOO�FDVHV��FRUURERUDWHV�WKH�¿QGLQJV�RI�0RRVD�
DQG�%XUQV� ������� WKDW� WKH�9$5�PRGHO�JLYHQ� LWV�G\QDPLF�QDWXUH� LV�PRUH� OLNHO\� WR�
RXWSHUIRUP�WKH�5:0��7KH�DERYH�¿QGLQJV�UHPDLQ�UREXVW�ZKHQ�WKH�0$(�LV�XVHG�DV�
an alternative measure of forecast accuracy.

2XU�¿QGLQJV�LPSO\�WKDW��WKHUH�LV�QR�µRQH�PRGHO�¿WV�DOO¶�IRU�IRUHFDVWLQJ�H[FKDQJH�
UDWH�HLWKHU�IRU�HDFK�:$0=�FRXQWU\�RU�IRU�DOO�:$0=�FRXQWULHV��7KH�W\SH�RI�PRGHO�WR�
XVH�WR�DFKLHYH�IRUHFDVW�DFFXUDF\�GHSHQGV�RQ�WKH�WLPH�KRUL]RQ�IRU�ZKLFK�WKH�IRUHFDVW�
LV�QHHGHG��DQG�WKH�FRXQWU\�IRU�ZKLFK�WKH�IRUHFDVW�LV�WR�EH�PDGH��7KLV�SRLQW�PXVW�EH�
QRWHG�E\� HFRQRPLVWV� LQ�SHUIRUPLQJ� IRUHFDVW� IRU�:$0=�FRXQWULHV� LI� DFFXUDWH� DQG�
UHOLDEOH�IRUHFDVW�DUH�WR�EH�DFKLHYHG��:H�UHFRPPHQG�WKDW�IXWXUH�UHVHDUFK�ZRUN�LQ�WKH�
:$0=�RQ�WKH�VXEMHFW�VKRXOG�ORRN�DW�FRPSDULQJ�WKH�IRUHFDVW�RI�WLPH�VHULHV�PRGHOV�WR�
forecast from structural models. 
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