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Abstract: This paper presents a study of the Forward Risk Premia (FRP) in Wholesale Electric 
Power Market in Colombia (WPMC) showing how the FRP varies throughout the day and how its 
properties are explained by risk factors. It also shows that expected forward risk premia depends 
on factors such as variations in expected spot prices, due to the climatic conditions generated by 
the Oceanic Niño Index (ONI) and its impact on the available quantity of water to generate electric 
power. This document provides a quantitative assessment of the Colombian electricity forward price 
premium as defined as the discrepancy between spot and forward prices in the Colombian market. 
The study applies appropriate methodologies including linear regression and GARCH modeling of 
time series to investigate the issue under concern. It delivers empirical results which, to the best of 
our knowledge, are new in the market context of Colombia. In particular, the relation between a 
weather-linked phenomenon such as El Niño effect and electric forward price premia is quantified.
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Introduction1

The transaction of a commodity, which relates physical production to finan-
cial transactions through contracts, presents peculiar characteristics. First 
of all it has the singularity of requiring balance between the offer and the 
demand in real time and the possession of geographical limitations; and 
second, the impossibility of generating inventory that mitigates the price 
fluctuation, taking into account that those prices present numerous peaks, 
jumps and fat tails. In addition, the question that has to be asked is if elec-
tric forward prices reflect economic fundamentals or if the traders can ma-
nipulate those prices; moreover, the answers become extremely relevant in 
the market due to regulatory issues and the expectations of rational agents.

This paper provides a quantitative assessment of the Colombian electricity 
forward price premium, which is defined as the discrepancy between spot 
and forward prices in the Colombian market. The study applies economet-
ric methodologies including Vector Auto-regression VAR, linear regression 
and GARCH modeling of time series to investigate the issue under concern. 
These results, that are new in the Colombian market context, show the rela-
tionship between a weather-linked phenomenon such as El Niño effect and 
the quantified electric forward price premia.

Empirical studies about electric power markets from several authors show 
that there are two basic approaches to define Risk Premia; first, the standard 
no-arbitrage or cost-of-carry (Brennan, 1958), and second, the equilibrium 

1	 Acknowledgements: Discussions with the participants to the XM seminar on November 
13, 2009 in Bogota (Colombia), and the 17th Global Finance Conference on June 27-30, 
2010 in Poznan (Poland), are gratefully acknowledged.
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Modelización del riesgo para los mercados de energía 
eléctrica

resumen: Este artículo,  en primer lugar presenta un estudio de las pri-
mas de riesgo forward  (FRP) en el Mercado Mayorista de Energía Eléctrica 
en Colombia (WPMC) que muestra cómo el FRP varía a lo largo del día y de 
cómo sus propiedades se explican por los factores de riesgo. En segundo 
lugar, muestra que las primas de riesgo forward esperadas dependen de 
factores tales como las variaciones en los precios al contado, debido a las 
condiciones climáticas generadas por el Índice Oceánico El Niño (ONI) y 
su impacto en la cantidad disponible de agua para generar energía eléc-
trica.  Este documento proporciona una evaluación cuantitativa del precio 
de la prima de riesgo de la electricidad en Colombia definiéndola como  la 
discrepancia entre los precios spot y forward en el mercado colombiano. 
En este estudio se aplican metodologías apropiadas, incluyendo regresión 
lineal y modelos GARCH de series de tiempo para investigar el tema plan-
teado. Ofrece resultados empíricos que, según nuestro conocimiento, son 
nuevos en el contexto del mercado colombiano. En particular, cuantificar 
la relación entre un fenómeno climático como El Niño y el efecto sobre las 
primas de riesgo en energía eléctrica.

Palabras clave: prima de riesgo forward, mercado de energía eléctrica, 
Oceanic Niño Index (ONI).

Modélisation du risque pour les marchés d’énergie 
électrique

RÉSUMÉ: Cet article présente tout d’abord une étude des primes de risque 
forward (FRP) sur le Marché de gros d’Énergie Électrique en Colombie 
démontrant comment le risque forward (FRP) varie durant la journée et 
comment ses propriétés sont expliquées par les facteurs de risque. D’autre 
part il est démontré que les expectatives de primes de risque forward dé-
pendent de facteurs tels que les variations de prix au comptant, en rai-
son des conditions climatiques engendrées par l’indice Oceanic Niño Index 
(ONI) et son impact sur la quantité d’eau disponible pour produire l’énergie 
électrique. Ce document fournit une évaluation quantitative du prix de la 
prime de risque de l’électricité en Colombie, celle-ci étant définie comme 
la différence entre les prix spot et forward sur le marché colombien. Cette 
étude utilise des méthodologies appropriées, incluant la régression linéaire 
et les modèles GARCH de séries de temps pour effectuer la recherche sur le 
thème proposé. Des résultats empiriques sont transmis et, à notre connais-
sance, ils sont nouveaux dans le contexte du marché colombien, s’agissant, 
en particulier, de quantifier la relation entre un phénomène climatique tel 
que el Niño, et son effet sur les primes de risque en énergie électrique. 

Mots-clefs : Prime de risque Forward, marché d’énergie électrique, 
Oceanic Niño Index (ONI).

Modelação do risco para os mercados de energia elétrica

RESUMO: Este artigo, em primeiro lugar apresenta um estudo dos prêmios 
de risco forward (FRP) no Mercado Atacadista de Energia Elétrica na Co-
lômbia (WPMC) que mostra como o FRP varia ao longo do dia e de como 
suas propriedades são explicadas pelos fatores de risco. Em segundo lugar, 
mostra que os prêmios de risco forward esperados dependem de fatores 
reais, tais como as variações nos precios al contado, devido às condições 
climáticas geradas pelo Índice Oceânico El Niño (ONI) e seu impacto na 
quantidade disponível de água para gerar energia elétrica. Este documen-
to proporciona uma avaliação quantitativa do preço do prêmio de risco da 
eletricidade na Colômbia, definindo-a como a discrepância entre os preços 
spot e forward no mercado colombiano. Neste estudo aplicam-se metodo-
logias apropriadas, incluindo regressão linear e modelos GARCH de séries 
de tempo para investigar o tema estabelecido. Oferece resultados empíri-
cos que, conforme nosso entendimento, são novos no contexto do mercado 
colombiano. Em particular, quantificar a relação entre um fenômeno climá-
tico como El Niño e o efeito sobre os prêmios de risco de energia elétrica. 

Palavras chave: Prêmio de Risco Forward, Mercado de Energia Elétrica, 
Oceanic Niño Index (ONI).
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model (Hicks, 1939; Cootner, 1960; Bessembinder and 
Lemmon, 2002; Longstaff and Wang, 2004). If storability 
of electric power was not a concrete issue, no inventories 
could be held, allowing the capacity of response to cover 
the short position in forward contracts traded in this mar-
ket; therefore, the first basic approach cannot be applied. 
Thus, the second basic approach is suitable, taking into 
account the conditions of the market. Geman and Eyde-
land (1999) agree with the fact that the no-arbitrage ap-
proach does not apply to electric power and noticed that 
there were differences between forward prices and expect-
ed spot prices, which implied the presence of the Forward 
Premia, suggesting that the Forward Premia represents 
compensation for bearing risk. A similar approach to the 
one of Bessembinder and Lemmon (2002) and Longstaff 
and Wang (2004) is used in this paper. 

Several El Niño studies (e.g., Barnston and Glantz, 1999; 
Barnston and Chelliah, 1997; Barnston and Ropelews-
ki, 1992) have shown significant effects on a number of 
economically critical climate variables in North and South 
America with climatic effects producing drought periods 
and rainfall along the Pacific and Atlantic coasts. The cor-
relation between the volatility of prices and the ONI is 
explained by the fact that tropical countries such as Co-
lombia have coastal areas on at least one of these oceans 
and the electric power production system is water depend-
ent. The hourly pattern shows differences throughout the 
day between the expected spot price and the forward pric-
es. Moreover, expected spot prices are higher than forward 
prices, which are consistent with classical literature (e.g., 
Hicks, 1939; Cootner, 1960) and more recent studies by 
Bessembinder and Lemmon (2002), and Longstaff and 
Wang (2004). 

Particular features about forward premia in the WPMC 
were found, which are also consistent with the classical 
literature. For instance, in this study, expected forward 
premia of unregulated markets show 21 significant values. 
Values also vary throughout the day from a minimum of 
-9.97% early in the morning to a maximum of 26.77% 
in the evening. Positive forward premia reach high val-
ues between 2.36% and the maximum percentage, which 
means that the expected spot prices are greater than the 
forward prices. On average, forward premia across the day 
are 2.13% (Appendix 7). 

Nonetheless, electric power prices show a particular be-
haviour. Both mean and median spot prices are calculated 
for a 24 hour period except from 18:00 to 21:00, when 
they are lower than the mean of forward prices. The rela-
tionship between spot and forward price behaviour shows 
that the spot price in a daily pattern is volatile and the 

forward price is smooth. Thus, it could be hypothesized that 
agents try to determine forward prices rationally as a risk-
averse action. Then, forward premia represents compensa-
tion by bearing risk due to electric power prices, which are 
subject to sudden sharp upward jumps because of several 
conditions. Longstaff and Wang (2002) and Bessembinder 
and Lemmon (2002) reached the same conclusions about 
Forward Premia; on the wholesale electric power market of 
Pennsylvania, New Jersey, and Maryland “PJM”. 

Longstaff and Wang (2004) found that there are signifi-
cant risk premia in electric power forward prices and sug-
gest that risk-averse economic agents determine forward 
prices rationally. Bessembinder and Lemmon (2002) pre-
sent an equilibrium model of electric power spot and for-
ward prices. Other papers focusing on energy contracts 
include Routledge, Seppi, and Spatt (2000), Geman and 
Eydeland (1999), Pirrong and Jermakyan (1999), Kellerhals 
(2001), and Lucia and Schwartz (2002). This paper shows 
that, in emerging markets as well as in WPMC, Forward 
Premia for electric power prices have peculiar conditions 
related to their own characteristics.

We have found that expected Forward Risk Premia depends 
on factors such as variations in expected spot prices, due 
to the climatic conditions generated by the Oceanic Niño 
Index (ONI), and implications by variations in demanded 
electricity. The case study is the Colombian market as an 
example of emerging markets. 

This paper is organized as follows, Section 1 introduces 
the reader into the main subject; Section 2 describes the 
wholesale electric power market in Colombia and the inter-
action between physical production of electricity and the 
financial contracts to trade it; Section 3 presents the data 
used in the empirical work; Section 4 discusses the empiri-
cal work and section 5 concludes. 

Wholesale electric power market

the wholesale electric power market started in Colombia in 
the late nineteenth century and its development was the 
result of a private investment initiative that aimed at the 
generation, distribution, and commercialization of electric 
power. In the mid twentieth century this scheme started 
changing and the privately owned companies were nation-
alized. 

In the 1990s, the electric power sector was in bankruptcy 
due to poor operational and financial management, which 
resulted in national electric energy rationing from 1991 
to 1992. Since the approval of the new Colombian Con-
stitution in 1991, new regulations have been established 
for the entry of private investors to the electric generation 
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business and the government was authorized to make de-
cisions related to the construction of new electric gener-
ation plants and their guarantees. Thus, the government 
authorized the involvement of governmental agencies to 
sign buying and selling contracts of electricity in the long 
term with the companies selected for that aim. 

The Regulatory Commission for Gas and Energy (RCGE)2 
was created by statutes, and its function is to regulate the 
entrepreneurial, commercial, technical, and operational as-
pects of this new structure of the electric power sector. 
This includes the generation, transmission, and distribu-
tion/commercialization of electric power. Regulations in 
the WPMC also created the figure of the “pure marketer”, 
which is an intermediary agent whose purpose is to make 
competition dynamic and to provide the final customers 
with different ways to access competitive prices in the 
electric market of wholesalers. This is the typical case of an 
energy retailer procuring power from the wholesale market 
at the standing spot price and reselling it to industrial con-
sumers exhibiting variable demand figures.

Regulations in Colombian market allows these agents to 
sell electric power to their customers through contracts 
that have no “steady electric power to endorse”, that is, 

2	 In Spanish: Comisión Reguladora de Energía y Gas (CREG).

that endorsed by the electric generators to guarantee sup-
ply to these users. Moreover, these agents can take end-
less risks and, in the case of bankruptcy, they do not have 
assets to lose.

Electric power generators have warned of the risk that the 
existence of certain agents, who have agreed on long-term 
contracts without a real electric endorsement and used 
the electric financial market as an instrument to comply 
with their contractual obligations, could have on the fu-
ture feasibility of the electric wholesale market. In times 
of low prices, the “pure marketers” have probably not had 
any difficulty to comply with their obligations with the 
electric financial market and signed contracts. But in ti-
mes of high prices caused by phenomena such as El Niño 
or a poor equilibrium between supply and demand, these 
agents would be surely facing financial difficulties due to 
their losses and would opt out of businesses regardless of 
the purchases already made to the wholesale market and 
their customer supply. In 2008 the installed capacity of 
electric power generation in Colombia (13.4 GW) was 67% 
hydro (including small hydro), 27% natural gas, 5% coal, 
and 0.3% wind and cogeneration. 

Colombia’s electricity supply system is severely affected by 
adverse weather systems. Drought periods due to El Niño 
events can last for many months. El Niño periods between 
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1951 and 2007 are shown in Table 1, with the most severe 
periods of the last 20 years highlighted in blue. The effect 
of these droughts on water availability for electric power 
generation is demonstrated in Figure 1 for the 2002-2003 
events, when water levels in hydroelectricity dams fell 
much more than the normal seasonal fluctuation. 

In the Colombian system, the electric power generators 
would be obliged to supply electric power by the regula-
tory institution even if they were impaired by agents who 
did not comply with the secondary markets. These gene-
rators cannot assume this additional risk, because it is not 
part of their activity. If this situation were to occur, it would 
not only impair them financially, but it would also make 
them turn to the Justice system to determine who must as-
sume liability for the resulting impairments. Hence, one of 
the authority’s demands for electric generators is that they 
must insure themselves against price volatility risks. This 

opens up the opportunity of using derivative instruments 
in the Colombian electric sector in the foreseen future.

By Decree 055/2005, CREG had promoted the project to 
create a futures and options market. In 2007, the clearing 
house was created and started functioning in September 
2008 in cooperation with the Colombian Stock Market to 
offer Treasury Bonds for future contracts. In October 2010, 
the first future contracts of electric energy were offered. 
This is the beginning of this kind of contract arrangement 
and it will reinforce the need to create a system of margin 
risk analysis, which basically depends on the forward pri-
ces of electricity, volatility, and interest rates, among other 
factors. Thus, it is necessary to determine which volatility 
model adjusts best to the characteristics of electric prices 
throughout time for the Colombian electric market.

Data set

The main data for this study consists of the hourly spot 
and forward non-delivery contracts from an unregulated 
market segment in the WPMC from January 1, 2000 to 
December 31, 2008. The sample has 24 series from a to-
tal of 3287 days. The series included the daily spot price 
and settlement forward prices determined for one year, in 
which the delivery has to be made one year forward. Figu-
re 2 shows the characteristics of non-constant volatility 
and prices with jumps on the average daily spot price, the 
sample in this plot consists of daily observation for each 
the twenty-four hourly spot prices and the correspondent 
volatility, from January 01, 2000 to December 31, 2008.

Figure 1. Water levels (M^3/sec) in hydroelectricity dams in Colombia, 2002-2008. 

Source: The author, XM* data.

* XM Market experts, electric power market operators in Colombia. 
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Table 1. El Niño events in Colombia, 1951-2007.

Start Finish Months Start Finish Months 

1/07/51 1/01/52 6 1/04/82 1/07/83  15 

1/03/57 1/07/58 14 1/07/86 1/03/88  20 

1/06/63 1/02/64 8 1/04/91 1/07/92  15 

1/05/65 1/05/66 13 1/02/93 1/07/93  6 

1/10/68 1/06/69 8 1/03/94 1/04/95  13 

1/08/69 1/02/70 6 1/04/97 1/05/98  13 

1/04/72 1/02/73 10 1/04/02 1/04/03  12 

1/08/76 1/03/77 7 1/01/04 1/03/05  8 

1/08/77 1/02/78 6 1/08/06 1/02/07  6 

Source: The author.



j o u r n a l

r e v i s t a

innovar

55rev.  innovar vol.  22,  núm. 44,  abril-junio de 2012

In the case of electric power, the volatility presents excess 
of kurtosis, which in most cases reflects the length of tail 
distribution, that is, the longer the tail, the greater the pro-
bability of obtaining prices is extremely high or low. it also 
shows how discontinuous price jumps take place and the-
re is evidence of volatility patterns, which are periods of 
high or low volatility followed by behaviours that are more 
moderate. Finally, there is evidence of convergence that 
is contrary to what happens to the underlying prices that 
move freely in any direction, implying that an underlying 
asset tends to present average long-term volatility. 

Diverse explanations have been given to the fact that the-
se series, based upon their behaviour, escape the normal 
assumption. Figure 3 shows movements of traded prices. 
Sharp peaks can be observed during some periods due 
to macroclimatic effects such as drought periods (El Niño 

phenomenon). The histogram shows the pattern prices and 
sharp peaks, these patterns cannot be associated with any 
specific distribution. Often, the volatility of the electric 
power market follows a mean-reversion process: the un-
derlying asset tends to have an average volatility or long-
term average, known as convergence. 

Those series of data offer an almost ideal way to study 
the properties of electric power prices. In order to examine 
whether the mean-reverting and serial correlation condi-
tions are present in the series on study, the unit-root tests3 
(Appendix 1), and portmanteau test “RW1” were applied. 
These tests essentially determine whether the predictabil-
ity condition is presented in the explicative variables. Re-

3	 Augmented Dickey-Fuller, Phillips- Perron and Kwiatkowski-Phillips-
Schmidt-Shin tests statistic.
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Figure 2. Volatility in Electric Power Prices. 

Source: The author, XM data.

Figure 3. Daily average of prices from the Colombian Electric Power market. Fig 2(a) shows daily average of Spot price; fig 
2(b), exhibits histogram of spot price distribution. 

Source: The author, XM data.
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sults showed that series are stationary and autocorrelation 
should be zero (Appendix 2).

Particularly, economic effects that are not visible with daily 
and monthly-level data could be identified studied at an 
hourly level. In addition, the data included the first data 
set of the ONI series from January 2000 to December 
2008 in a monthly pattern from the US National Oceanic 
& Atmospheric Administration. Thus, there is a significant 
correlation between the climatic variable and the volatil-
ity of electric power prices. Figure 4 shows the relationship 
between the logarithmic average of daily electric power 
prices and the El Niño phenomenon. 

The ONI is based on Sea Surface Temperature (SST) depar-
tures from an average in the Niño 3.4 region, where the 
principal measure for monitoring, assessing, and predicting 
is El Niño phenomenon. Three-month running-mean SST 
departures in the Niño 3.4 region are defined and depar-
tures are based on a set of improved homogeneous his-
torical SST analyses (Extended Reconstructed SST. v2)4. 
Appendix 3 shows i) El Niño and La Niña phenomena pre-
sented in the average surface temperature shown in the 
ONI, ii) the climatic effects on spot price due to El Niño 
behaviour, and iii) the climatic effects on spot prices due 
to La Niña behaviour.

4	 The methodology is described by Smith and Reynolds (2003).

The results of this study show that the mean of electric 
power spot prices varies throughout the day; the lowest 
price is $56.43 COP/KWh obtained in the morning (04:00) 
and $87.05 COP/KWh is the highest price in the evening 
(20:00).

Appendix 4 shows the pattern of hourly spot series for the 
most representative hours, particularly during peak de-
mand hours, for instance from 19:00 to 22:00. The statis-
tics summary and figure shown in Appendix 4 demonstrate 
that there are time series variation in the spot price for 
the peak hours, and the distribution of electric power spot 
prices is highly right-skewed5. For instance, the maximum 
spot price during peak hours is around $440 COP/KWh 
and the standard deviation for the spot prices for the same 
hours exceeds $34 COP/KWh, which is nearly 50% of the 
mean value. 

Appendix 5 shows a summary of the statistics for the elec-
tric power forward prices, which are expressed in COP/
KWh in the same units as spot prices. The forward prices 
patterns exhibit smoothness which is also supported by 
the fact that the average forward prices are comparable 
in magnitude to the average spot prices. The standard 

5	 This dominant feature of electric power spot prices was established 
by Routledge, Seppi and Spatt (2001) and Longstaff and Wang 
(2004).

Figure 4. Logarithmic Average of Daily Electric Power Prices (blue) in COP* per Kilowatts from WPMC** in Colombia from 
January 1, 2000 to December 31, 2008 and ONI (green) from the US NOAA., from January 01, 2000 to December 31, 2008. 

COP: International Code of Currency, Colombian Peso. 

In Spanish: MEM (Mercado de Energía Mayorista en Colombia).

Source: The author, XM data.
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deviations of the forward prices are uniformly lower than 
the corresponding standard deviation for the spot prices, 
which are volatile. The average skewness of the forward 
prices shows that there is no presence of the extreme va-
riations or peaks, such as spot prices that show right skew-
ness, and that spot prices tend to display greater prices 
than forward prices. 

A less volatile pattern can be observed in forward prices, 
whereas spot prices show erratic behaviour, which is veri-
fiable with the standard deviation pattern. On the other 
hand, maximum forward prices are lower than the maxi-
mum spot prices. In addition to the basic data, the data 
on electric power load, spot price and the weather varia-
ble (dam level variation) were included and used to cons-
truct a set of explanatory variables in order to forecast the 
changes in the expected spot price and the changes in the 
expected load, throughout Vector Auto-Regression (VAR). 

Data used to estimate VAR’s system are the spot prices 
and quantities for each hour during the day from XM Co-
lombian system. We also included weather-related varia-
bles, given the importance of the climatic conditions in 
order to capture volumetric risk effects, VAR’s system are 
estimated separately for each twenty-four hours. VARs sys-
tem for spot price Spi,t+365 and quantity Qi,t+365 include la-
gged variables over price, quantity and climatic variables 
represented by dam variations VarDlt, (equations 1 and 2). 
Table 2 reports the R2 from the VAR model used to forecast 
the hourly spot electric power prices and load quantities. 
The VARs forecast t+365 for spot price and quantity inclu-
des the spot and quantity at time t and their lags, and the 
weather variable that represents hydrology of the market 
on study, called dam variations.

	 (1)

	 (2)

In order to measure the risk of unexpected price and load 
quantity changes, the VAR framework (Sims, 1980), com-
bined with the Garch Model (Engle, 1982) were adopted 
and followed. First, the set of explanatory variables inclu-
ding the spot price, load quantities and the Dam levels 
for the wholesale power market in Colombia were used. 
Second, VAR provides forecast price change in the spot 
price from day t to t+365 using information available on 
day t. Conditional volatility of unexpected spot price chan-
ges was estimated using the Garch (1, 1) model (Bollerslev, 
1986). Third, the VAR framework to forecast the expected 
load quantity from day t to t+365 was used again to ob-
tain a measure of volumetric risk, taking into account in-
formation available on day t from the Neon system of the 

wholesale electric power market in Colombia. Subse-
quently, a Garch (1, 1) model was fitted to obtain the inno-
vations of unexpected changes in load. Fourth, the dummy 
variable was also included to capture the climatic impact 
during the drought periods due to El Niño phenomenon, 
which are highly related to the dam levels. Finally, Garch 
variables and the dummy ONI variable were used to captu-
re the impact on unexpected quantity and price changes. 
The constructed set of forecast series was used to predict 
the Forward Risk Premia throughout Ordinary Least Squa-
re Model. 

Empirical work 

Taking certain factors into account, the topology of bi-
lateral contracts in the unregulated market segment was 
examined. Factors as the one-year forward non-delivery 
contracts and the relationship between forward prices, 
and the expected spot prices one year forward, obtained 
throughout the Vector Auto Regression Model (VAR). The 
economic theory establishes that this relationship, defined 
as Forward Risk Premia (FRP), should show the agent’s ex-
pectations at the time of bearing risk.
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Tabla 2. Values of R2 for VAR forecasting price and load 
quantity changes.

Hour Exp_Spotprice_VAR (R^2) Exp_Load_VAR (R^2) 

H1 0.5494 0.8947

H2 0.5452 0.8949

H3 0.5236 0.875

H4 0.5114 0.8736

H5 0.4942 0.8825

H6 0.6251 0.8934

H7 0.6516 0.8858

H8 0.6141 0.8708

H9 0.6335 0.7885

H10 0.6427 0.7727

H11 0.4591 0.7695

H12 0.4262 0.7788

H13 0.5117 0.86

H14 0.532 0.7746

H15 0.4583 0.7789

H16 0.4394 0.7876

H17 0.5215 0.778

H18 0.5313 0.8802

H19 0.3836 0.8868

H20 0.3915 0.8883

H21 0.5243 0.8892

H22 0.537 0.8912

H23 0.5487 0.8938

H24 0.6233 0.8943

Source: The author.
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Following the general approach used in the literature in 
which the model of forward prices is based on equilibrium 
(e.g., Hicks, 1939; Cootner, 1960; Bessembinder and Lem-
mon, 2002; Longstaff and Wang, 2004), this paper is fo-
cused on the existence of FRP, or the difference between 
forward prices and expected spot prices. The Forward Risk 
Premia could be seen such as a ratio or percentage forward 
premia (French, 1986; Fama and French, 1987; Longstaff, 
and Wang, 2004). From this work it is evident that market 
behaviour depends on whether FRP is positive or negative. 
Positive premia is referred to as a normal backwardation; 
negative premia is referred to as contango. Throughout 
this paper, FRPj,t will represent the FRP obtained in the 
hour “j” of the day “t”. SPj,t+365, will denote the expected 
spot price for day t+365; therefore, FWj,t, will stand for the 
forward price in the hour j of day t, for delivery during day 
t+365. Therefore, the FRP is defined by:

= +

tj

tjtj
ttj FW

FWSP
FRP

,

,365,
,

	

(3) 

In order to construct an empirical analysis, the FRP was 
studied to determine their existence, and to examine the 
kind of characteristics they could take at an unconditional 
level of economic risk in the electric power market. The 
analysis of the expected FRP at conditional level is pre-
sented, and the effect of drought periods due to ONI as a 
quantity risk measure is explored.

In order to verify if FRP are zero on average, the mean of 
the FRP was calculated hour by hour. It was found that 
2.14% forward premia is positive per 24-hours period. This 
result is consistent with the classical literature that expect-
ed spot prices should be higher than forward prices, and is 
consistent with Longstaff and Wang’s (2004) results. Thus, 
FRP varies throughout the day with significant behaviour 
related to hourly demand. Equation (3) shows that the for-
ward risk premia can be expressed as a conditional form 
(Longstaff and Wang 2004), which includes the unexpect-
ed component of the realized FRP presented in Equation 
(4) and denoted by ξj,t+365.

365,
,

,365,

,

,365,
+

++ += tj
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tj

tjtj
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FWSP

FW
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Based on equation (4), the regression model to estimate 
the forward risk premia for the t+365 period could be es-
tablished hour-by-hour as well as ex-post occurrence of 
Conditional Forward premia in electric power markets. This 
estimate of forward risk premia depends on risk measures 
that capture unexpected changes on prices, demands and 
risk preferences. 

Using the time series from WPMC, registered hour by hour, 
the spot prices and settlement forward prices of bilateral 
contracts on day t to be delivered on day t+365 at the 
same hour; three variables were included: the condition-
al volatility of expected changes on the spot prices, ex-
pressed by CVj,t or conditional volatility in the hour j of the 
day t; the innovations of expected changes in load quan-
tities, expressed by IINj,t or innovations in the hour j of 
the day t; the dummy ONI variable which is denoted by 
δ_Niñoj,t . The ONI variable was used as a dummy vari-
able that takes a value of one for drought periods and zero 
in all other cases. The first and second variables were ob-
tained using the Garch (1,1) model to estimate expected 
spot prices according to volatility and expected changes in 
load. The third variable, due to technical conditions of elec-
tric power markets, is strongly related to climatic effects 
on load, which implies effects on prices. These explanatory 
variables permit forecasting of forward risk premia (FRP), 
using the Ordinary Least Square OLS regression model. Ap-
pendix 6 presents statistics for three statistically signifi-
cant risk factors.

365,,3,2,10, _ +++++= tjtjjtjjtjjjtj NiñoIINCVFRP 	(5)

Table 3 shows the average of expected forward risk premia 
hour by hour, we can show that FRP are different to zero 
on average, Table 3 also shows the corresponding t-sta-
tistics and the summarized statistics of the FRP, including 
the Breusch-Pagan and Cook-Weisberg test for Heteroske-
dasticity. In the Colombian Wholesale Electric Power Mar-
ket, the volatility also varies directly with FRP every hour 
throughout the day, except for a few hours early in the 
morning. In addition, the risk premia is positive from 9:00 
to 22:00, which are the hours with medium or high de-
mand, and strongly positive from 19.00 to 21.00, which 
are the hours with high demand. Therefore, when peak de-
mand increases at those hours, long positions on forward 
markets obtain higher premia but the sensitivity of volatili-
ty in those hours is negative. Figure 5 shows the expected 
FRP hour by hour estimated from significant risk factors, 
(equation 5).

Conclusions

This paper presents new evidence about Forward Premia 
and includes new significant conditions that are relevant 
in wholesale electric power markets (WPMC). These results 
are perceptible in electric power spot prices and derivative 
prices for markets in tropical countries, where there are no 
seasons but climatic conditions such as El Niño phenome-
non. Using the hourly spot and forward non-delivery con-
tracts data set, it could be verified that the FRP takes place 
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Table 3: Results from regression of percentage forward risk premia based on economic risk measures.

Hour Mean Median St_Dev Error t-Statistics F(1,2919)* Prob>F
H1 -9.97% -7.03% 2.16% 0.04% -17567.23% 833.00% 0.40%
H2 -1.19% -1.06% 3.72% 0.07% -1544.23% 3093.00% 0.00%
H3 -7.42% -7.75% 4.14% 0.08% -10109.25% 3620.00% 0.00%
H4 -5.07% -8.24% 2.32% 0.04% -19162.11% 3511.00% 0.00%
H5 -3.31% -11.76% 2.27% 0.04% -28004.88% 1613.00% 0.00%
H6 -4.87% -5.22% 3.51% 0.06% -8041.46% 10875.00% 0.00%
H7 -3.03% -2.81% 4.07% 0.08% -3726.73% 2235.00% 0.00%
H8 -9.14% -6.25% 12.63% 0.23% -2674.36% 20528.00% 0.00%
H9 2.36% 2.07% 4.84% 0.09% 2318.10% 5846.00% 0.00%
H10 3.63% 4.07% 5.11% 0.09% 4308.42% 702.00% 0.80%
H11 5.40% 5.66% 5.32% 0.10% 5747.90% 9527.00% 0.00%
H12 7.13% 8.45% 5.38% 0.10% 8488.46% 813.00% 0.40%
H13 5.22% 4.19% 6.26% 0.12% 3619.72% 29904.00% 0.00%
H14 3.48% 4.03% 4.82% 0.09% 4522.24% 1668.00% 0.00%
H15 3.61% 4.06% 4.27% 0.08% 5138.66% 897.00% 0.30%
H16 3.08% 3.35% 4.93% 0.09% 3680.19% 1140.00% 0.10%
H17 2.66% 2.62% 5.38% 0.10% 2627.06% 848.00% 0.40%
H18 3.60% 4.26% 4.15% 0.08% 5544.18% 870.00% 0.40%
H19 18.21% 17.78% 7.63% 0.14% 12600.87% 6822.00% 0.00%
H20 26.77% 24.66% 9.93% 0.18% 13426.85% 3797.00% 0.00%
H21 12.64% 13.66% 5.20% 0.10% 14194.66% 1898.00% 0.00%
H22 6.26% 8.27% 2.74% 0.05% 16312.81% 830.00% 0.40%
H23 -1.35% 0.13% 6.38% 0.12% 112.32% 4071.00% 0.00%
H24 -7.45% -6.32% 3.47% 0.06% -9850.54% 540.00% 2.00%

Overall 2.14% 2.12% 5.03% 0.09%

*Breusch-Pagan/Cook-Weisberg test for heteroskedasticity.

Source: The author.

Figure 5. Expected Forward Risk Premia for Electric Power Market according to climatic effects. 

Source: The author.
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and has the characteristics of an economic risk measure of 
the market agents.

This paper focused on the percentage FRP as shown by 
French (1986), Fama and French (1987), Bessembinder 
and Lemmon (2002), and Longstaff and Wang (2004). 

According to empirical results, the average expected 
forward risk premia can have positive behaviour in seven-
teen out of twenty-four hours, with a 2.14% average over 
all the hours in a range from -9.97% to 26.77%. These re-
sults represent the equilibrium compensation for bearing 
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the price risk of the electric power for one year. The median 
or typical forward premia is positive and very near to the 
average forward premia (2.12%) this is an opposite result 
to that of Longstaff and Wang (2004) who found that me-
dian is negative. Our results suggest that the forward pre-
mia represents compensation for bearing the risk in the 
Colombian case. 

In the Colombian electric power market the risk taker is the 
marketer, particularly in the unregulated market segment, 
because they are assuming the price risk in the long-term 
negotiations. The marketer represented by this demand 
tries to insure its future revenues and sacrifice its premia. It 
is relevant for further studies to evaluate the efficiency of 
this market, and the characteristics which determine why 
the marketer is willing to pay FRP and why the generator is 
in a better position to receive this bonus.

From the above, it applies that sellers assume the FRP for 
unregulated markets and so they have to pay for long-term 
contracts in order to guarantee future sales. For the unre-
gulated market segment, the natural sellers are the marke-
ters who pay the premia and assume the risk as well. The 
WPMC shows normal backwardation behaviour, probably 
due to the large opportunity cost related to electric power 
markets, which are characterized by high hydraulic depen-
dence.

It was examined whether the FRP reflects compensation 
for risk taking by market agents through several risk mea-
sures. One way to obtain these measures is suggested by 
Longstaff and Wang (2004) and Bessembinder and Lem-
mon (2002). These include volatilities of unexpected spot 
changes, volatilities of unexpected load changes and the 
weather variable, to capture price uncertainty, quantity un-
certainty and climatic effects. Such variables play a signi-
ficant role in explaining the FRP in the Colombian Market.
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APPENDIX

Appendix 1. Unit Root Tests Statistic

This table presents the summarized statistics for unit-root test (Augmented Dickey and Fuller (1982), Phillips and Perron 
(1988) and Kwiatkowski-Phillips-Schmidt-Shin (1992) tests statistic). Critical values for Augmented Dickey and Fuller 
(1982) and Phillips and Perron (1988) tests statistic (-2.86209) are used at the 95% level, Asymptotic critical value for 
Kwiatkowski-Phillips-Schmidt-Shin (1992) test statistic is 0.463 at the 95% level.

Spot Price Forward Price 

ADF Test Statistic Phillips-Perron test KPSS ADF Test Statistic Phillips-Perron test KPSS

t-Stat. Prob* t-Stat. Prob* LM-Stat** t-Stat. Prob* t-Stat. Prob* LM-Stat**

H1 -5.2548 0.0000 -13.0662 0.0000 0.0393 -55.7414 0.0001 -92.2246 0.0001 0.4363

H2 -9.1834 0.0000 -11.9576 0.0000 0.1498 -47.5081 0.0001 -128.0060 0.0001 0.1010

H3 -5.1699 0.0000 -37.5253 0.0000 0.0921 -54.4905 0.0001 -86.4832 0.0001 0.4079

H4 -10.2669 0.0000 -27.8396 0.0000 0.1763 -54.4115 0.0001 -87.6790 0.0001 0.4598

H5 -3.9322 0.0018 -4.0825 0.0010 0.0255 -34.4695 0.0000 -92.5141 0.0001 0.3680

H6 -10.1957 0.0000 -23.3397 0.0000 0.3690 -26.5682 0.0000 -90.7813 0.0001 0.4348

H7 -6.4108 0.0000 -5.3315 0.0000 0.0141 -42.8137 0.0000 -84.6452 0.0001 0.4247

H8 -6.0487 0.0000 -4.7742 0.0001 0.0202 -23.5522 0.0000 -92.4667 0.0001 0.2927

H9 -4.5490 0.0002 -4.4020 0.0003 0.4206 -39.7447 0.0000 -100.2260 0.0001 0.2198

H10 -3.1761 0.0215 -9.7161 0.0000 0.4875 -22.4594 0.0000 -89.3568 0.0001 0.3224

H11 -8.3349 0.0000 -36.6288 0.0000 0.0188 -24.6599 0.0000 -76.3195 0.0001 0.0881

H12 -6.2378 0.0000 -21.3233 0.0000 0.0161 -38.3103 0.0000 -95.4690 0.0001 0.1719

H13 -5.0330 0.0000 -4.8319 0.0000 0.0117 -45.0071 0.0001 -90.0516 0.0001 0.1112

H14 -11.4594 0.0000 -21.6266 0.0000 0.3488 -28.6575 0.0000 -114.3660 0.0001 0.0929

H15 -5.9315 0.0000 -5.1431 0.0000 0.0121 -26.8293 0.0000 -92.3401 0.0001 0.3401

H16 -8.1143 0.0000 -7.3344 0.0000 0.0126 -23.4427 0.0000 -95.7354 0.0001 0.4503

H17 -6.2247 0.0000 -13.6101 0.0000 0.2978 -23.3098 0.0000 -93.7481 0.0001 0.2499

H18 -5.1921 0.0000 -4.7783 0.0001 0.2412 -17.7194 0.0000 -106.3290 0.0001 0.3756

H19 -5.7636 0.0000 -5.4114 0.0000 0.3341 -22.1013 0.0000 -98.7503 0.0001 0.3871

H20 -4.3895 0.0008 -5.1662 0.0000 0.2970 -32.8136 0.0000 -111.0040 0.0001 0.0768

H21 -5.0906 0.0000 -4.7480 0.0001 0.1346 -34.7996 0.0000 -105.1100 0.0001 0.2070

H22 -19.6602 0.0000 -23.3454 0.0000 0.0574 -56.0568 0.0001 -87.2489 0.0001 0.2332

H23 -12.4294 0.0000 -33.6373 0.0000 0.0157 -52.2075 0.0001 -81.4285 0.0001 0.4427

H24 -11.0617 0.0000 -40.5991 0.0000 0.3235 -55.7192 0.0001 -90.1016 0.0001 0.4551

* MacKinnon (1996) one-sided p-values.

** Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1).
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Appendix 2. Portmanteau Statistics 

This table presents the summarized statistics for the Portmanteau Statistics tests, in which the joint hypothesis that auto-
correlations of hourly series are all zero. Under RW1, distributional relation is asymptotic with Chi-square (20): Q20~X2¨

20  
in this case, we used the statistic: (T. ∑ [autocorrelation (i)2] ~ Chi2 (20) = 31.41) is used at the 95% level, which implies 
that under these results, there is not rejection of the null hypothesis. 

Hour
Portmanteau Statistics 

Q-Stat Spot Prob > chi2(20) Q-Stat Fwd Prob > chi2(20)

H1 476.2641 0.0000 533.3120 0.0000

H2 507.9489 0.0000 508.7641 0.0000

H3 470.8748 0.0000 500.8981 0.0000

H4 554.2097 0.0000 448.8861 0.0000

H5 461.5550 0.0000 827.2903 0.0000

H6 944.5893 0.0000 835.1642 0.0000

H7 847.8320 0.0000 604.9894 0.0000

H8 572.8680 0.0000 827.9620 0.0000

H9 674.9290 0.0000 750.6602 0.0000

H10 763.2614 0.0000 605.4834 0.0000

H11 715.5330 0.0000 694.9650 0.0000

H12 792.0039 0.0000 824.5039 0.0000

H13 659.5431 0.0000 639.2305 0.0000

H14 520.9981 0.0000 779.3439 0.0000

H15 567.9096 0.0000 600.4221 0.0000

H16 675.1909 0.0000 739.5661 0.0000

H17 589.9915 0.0000 577.3261 0.0000

H18 759.6875 0.0000 739.7095 0.0000

H19 901.5485 0.0000 933.6730 0.0000

H20 766.7057 0.0000 751.0577 0.0000

H21 632.2731 0.0000 934.0485 0.0000

H22 906.2459 0.0000 746.7057 0.0000

H23 715.9672 0.0000 934.0485 0.0000

H24 584.7672 0.0000 547.9096 0.0000
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appendix 3. oceanic niño index - oni

The ONI is based on SST departures from average in El Niño 3.4 region, which is a principal measure for monitoring, as-
sessing, and predicting El Niño phenomenon. It is defined as the three-month running-mean SST departures in the Niño 
3.4 region; departures are based on a set of improved homogeneous historical SST analyses (Extended Reconstructed SST 
- ERSST.v2). The methodology described by Smith and Reynolds (1999) is used to place current conditions in historical 
perspective. NOAA’s operational definitions of El Niño and La Niña are key to the ONI index. El Niño strengthened during 
December 2006, with above-average sea surface temperatures (SST) encompassing the central and eastern equatorial 
Pacific Ocean (Fig. A3).

figure a3. Climatic effects on prices, average sea surface temperature (sst) anomalies (°C) 2000-2008. fig (a), log of spot 
price and oni index. fig (b), price behaviour during el niño phenomenon. fig (c), price behaviour during la niña phenomenon. 

Source: Author (NOAA/National Weather Service Data).
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Appendix 4. Hourly Spot Prices

This table presents summarized statistics for hourly electric power spot prices reported by WPMC, prices are reported in 
COP’s per Kilowatt/Hour. The sample consists of daily observations for each of the twenty-four hourly spot prices from 
January 01, 2000 to December 31, 2008. 

Spot Prices Mean Median Minimum Maximun Stand Dev Skewness Kurtosis 

H1 58.65 57.47 24.95 170.23 20.84 0.91 1.80

H2 57.26 55.54 24.95 170.23 20.56 0.92 1.85

H3 56.66 54.40 24.49 170.23 20.43 0.92 1.83

H4 56.43 54.26 24.49 169.23 20.31 0.91 1.78

H5 57.83 56.58 24.49 169.23 20.55 0.93 2.03

H6 61.36 60.46 24.35 169.23 21.17 0.89 1.79

H7 62.32 61.96 21.53 188.37 22.33 0.74 1.53

H8 64.03 63.41 21.53 188.57 22.38 0.77 1.61

H9 66.48 65.75 21.53 188.57 22.84 0.79 1.55

H10 67.49 66.49 21.53 195.37 23.22 0.79 1.61

H11 68.98 67.49 21.53 200.37 23.97 0.94 2.24

H12 70.37 68.35 21.53 210.40 24.47 1.04 2.66

H13 68.78 67.41 21.53 200.37 23.45 0.95 2.27

H14 67.24 66.08 21.53 200.37 23.52 0.88 2.01

H15 67.26 66.11 21.53 200.37 24.22 0.91 2.17

H16 66.81 65.87 21.53 200.37 23.95 0.83 1.79

H17 66.56 65.79 21.53 188.57 23.45 0.75 1.38

H18 67.69 66.59 21.53 190.37 23.59 0.88 2.05

H19 80.73 75.43 23.10 438.84 31.90 2.12 10.25

H20 87.05 80.26 25.95 316.75 33.48 1.68 4.77

H21 76.18 73.30 23.10 233.42 25.31 1.16 3.36

H22 70.09 68.77 21.53 206.37 23.16 0.84 2.31

H23 64.61 63.45 24.95 190.37 21.80 0.95 2.08

H24 60.13 59.00 23.27 188.57 21.13 0.88 1.93

Overall 66.29 64.59 22.83 206.03 23.42 0.97 2.44

Figure A4. Electric power spot prices reported by WPMC, prices are reported in COP’s per Kilowatt/ Hour from January 01, 
2000 to December 31, 2008. Fig (a), Spot price plot including the most representative hours in this market; such as 2:00, 
4:00, 8:00, 12:00, Fig (b), Hours 16:00, 19:00, 22:00 and 24:00. 

Source: The author, XM data.
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Appendix 5. Hourly Forward Prices

This table presents summary statistics for the hourly day-ahead Forward prices reported by WPMC. Prices are reported in 
COP’s per kilowatt-hour. The sample consists of daily observations for each of the twenty-four hourly forward prices since 
January 1, 2000 to December 31, 2008. 

Forward Prices Mean Meadian Minimum Maximun Stand Dev Skewness Kurtosis

H1 64.40 67.98 36.85 99.22 14.61 -0.26 -0.73

H2 64.27 67.72 36.85 99.22 14.54 -0.25 -0.71

H3 64.21 67.69 36.85 99.22 14.50 -0.26 -0.71

H4 64.21 67.69 36.85 99.22 14.53 -0.25 -0.70

H5 64.51 67.97 36.85 99.34 14.55 -0.24 -0.69

H6 64.65 67.87 36.82 98.37 14.60 -0.23 -0.71

H7 64.05 67.84 36.95 94.49 13.78 -0.44 -0.81

H8 64.18 68.09 36.95 94.49 13.79 -0.44 -0.83

H9 64.38 68.37 36.95 94.49 13.84 -0.43 -0.85

H10 64.61 68.77 37.06 93.55 13.89 -0.47 -0.83

H11 64.72 68.92 37.06 93.55 13.92 -0.46 -0.84

H12 64.79 69.07 37.06 93.06 13.91 -0.47 -0.85

H13 64.54 68.72 37.07 93.03 13.83 -0.45 -0.88

H14 64.43 68.53 37.04 94.00 13.86 -0.45 -0.86

H15 64.42 68.54 37.04 94.00 13.89 -0.45 -0.86

H16 64.39 68.54 37.03 94.00 13.89 -0.46 -0.86

H17 64.36 68.46 36.95 94.00 13.85 -0.46 -0.85

H18 64.59 68.87 36.95 93.03 13.91 -0.47 -0.88

H19 66.49 70.56 37.03 98.31 14.77 -0.32 -0.77

H20 66.74 70.97 37.03 98.40 14.76 -0.35 -0.81

H21 66.33 70.56 37.03 98.31 14.72 -0.32 -0.74

H22 65.52 69.64 36.78 98.90 14.97 -0.26 -0.77

H23 65.01 68.72 36.85 98.90 14.64 -0.29 -0.76

H24 64.50 68.20 36.85 98.74 14.62 -0.29 -0.76

Overall 64.76 68.68 36.95 96.33 14.26 -0.37 -0.79

Figure A5. Electric power Forward prices reported by WPMC, prices are reported in COP’s per Kilowatt/Hour from January 
01, 2000 to December 31, 2008. Fig (a), Forward prices plots including the most representative hours in this market; such as 
2:00, 4:00, 8:00, 12:00, Fig (b), hours 16:00, 19:00, 22:00 and 24:00. 

Source: The author, XM data.

0
10

0
20

0
30

0
40

0

Fo
rw

ar
d 

Pr
ic

es
 (

C
O

P'
s 

pe
r K

W
h)

01jul2000 01jul2002 01jul2004 01jul2006 01jul2008

Date

Forward Price Hour 02 Forward Price Hour 04

Forward Price Hour 08 Forward Price Hour 12

(b)(a)

0
10

0
20

0
30

0
40

0

01jul2000 01jul2002 01jul2004 01jul2006 01jul2008

Date

Forward Price Hour 16 Forward Price Hour 19

Forward Price Hour 22 Forward Price Hour 24



66 rev.  innovar vol.  22,  núm. 44,  abril-junio de 2012

Contabilidad y finanzas

Appendix 6. Results from Regressions of Realized Percentage Forward premia

This table presents summarized statistics from a regression model from individual hourly time-series including three va-
riables: i) the conditional volatility of unexpected spot price changes (expressed by CVj,t or conditional volatility on hour j 
of day t); ii) the innovations or GARCH standardized returns of unexpected changes in load (denoted by INNj,t, or innova-
tions on hour j of day t), and finally iii) the ONI, expressed by the dummy variable δ_Niñoj,t. The first and second variable 
were obtained using GARCH (1,1) model from VAR expected spot price and VAR expected Load.

Hour
Const CV_E(Sp) INN_E(Load)

Dummy_
Niño

t(βo) t(β1) t(β2) t(β3) P > t(βo) P > t(β1) P > t(β2) P > t(β3) R²

βo β1 β2 β3

H1 0.0107395 -0.9158818 -0.0266856 0.0198636 0.29 -3.09 -3.24 1.93 0.002 0.001 0.024 0.008 0.800%

H2 0.0128536 0.1171866 0.0081618 0.0104576 -3.45 -7.07 -3.28 1.49 0.000 0.001 0.014 0.001 2.370%

H3 -0.0432498 -0.9429345 -0.0155768 0.0171551 -3.35 -8.02 -3.34 1.63 0.000 0.001 0.010 0.001 2.910%

H4 -0.1089033 -0.2834784 -0.012405 0.0260782 -8.71 -2.72 -2.7 2.37 0.007 0.007 0.018 0.000 0.910%

H5 -0.0742418 -0.4249733 -0.0038628 0.0141781 -5.92 -4.28 -0.6 1.31 0.000 0.055 0.019 0.000 0.860%

H6 -0.0012556 -0.6094195 0.0202965 -0.0247922 -0.12 -5.99 4.16 -2.17 0.000 0.000 0.030 0.019 1.800%

H7 -0.0720809 0.4484124 0.0346783 -0.0072274 -5.26 3.92 6.99 -0.6 0.000 0.000 0.035 0.000 2.290%

H8 0.0272609 -0.7598599 0.0278942 -0.2916654 1.76 -5.68 3.76 -16.62 0.000 0.000 0.000 0.028 9.120%

H9 -0.0347073 0.6983237 0.0296342 -0.0284896 -2.65 6.19 5.86 -2.34 0.000 0.000 0.020 0.008 3.060%

H10 0.1295084 -0.8288422 0.0299871 -0.0794249 9.48 -6.25 5.81 -6.48 0.000 0.000 0.000 0.000 3.260%

H11 0.0269341 0.5052315 0.0363241 -0.0561816 2.31 4.57 6.98 -4.54 0.000 0.000 0.000 0.021 3.450%

H12 0.0932019 -0.0105613 0.0411952 -0.0796484 6.96 -0.08 7.83 -6.38 0.009 0.000 0.000 0.000 3.440%

H13 -0.0308206 1.055768 0.0242053 -0.0309772 -2.59 10.18 4.76 -2.59 0.000 0.000 0.010 0.010 5.150%

H14 0.1318952 -0.7793383 0.0278557 -0.0735821 9.45 -6.41 5.64 -6.26 0.000 0.000 0.000 0.000 3.140%

H15 0.0731175 -0.2012569 0.0341165 -0.0611366 6.95 -2.21 6.75 -5.12 0.027 0.000 0.000 0.000 2.410%

H16 0.0951943 -0.4946276 0.0367734 -0.065363 8.74 -5.06 7.37 -5.57 0.000 0.000 0.000 0.000 3.280%

H17 0.1201225 -0.8072349 0.0368666 -0.0684546 9.74 -7.05 7.53 -5.91 0.000 0.000 0.000 0.000 4.030%

H18 0.0573564 -0.0564242 0.0368993 -0.0462608 4.9 -0.59 7.46 -3.92 0.025 0.000 0.000 0.000 2.390%

H19 0.1123254 0.9900856 0.0569398 -0.0517618 6.67 6.06 8.98 -3.43 0.000 0.000 0.001 0.000 4.710%

H20 0.3744301 -0.352121 0.0790559 -0.1377334 2.69 -0.49 12.17 -9.18 0.033 0.000 0.000 0.007 7.400%

H21 0.1224132 0.2541385 0.0324085 -0.0815469 8.79 2.27 6.16 -6.48 0.023 0.000 0.000 0.000 3.230%

H22 0.0994232 -0.2966335 0.0098494 -0.05901 4.05 -0.9 1.96 -5.06 0.037 0.020 0.000 0.000 1.000%

H23 0.1345179 -1.508127 -0.0007551 -0.0572712 11.33 -13.43 -0.16 -5.18 0.000 0.038 0.000 0.000 5.990%

H24 0.0839348 -2.243182 -0.0064028 -0.0009298 3.8 -7.73 -0.73 -0.09 0.000 0.046 0.048 0.000 2.030%


