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ABSTRACT

The daily meteorological data of relative humiditgyaximum, minimum, and average tempera-
tures obtained from five stations of the Kenya Metelogical Department over the period 1986
to 2005 were filtered and reduced to monthly meaMonthly data of solar indices: Sunspot
number, F10.7 cm solar radio flux and Mg Il core-taiing ratio covering the same period were
employed to model the meteorological variables gsihe linear multivariate model and applying
least square fittings. Validity of the models wassted using Mean Bias Error (MBE) and Root
Mean Square Error (RMSE) statistical indicators. Ehcorrelations between the observed and
predicted values from the models were significantaddove 95% level of confidence. The models
show the effect of solar forcing on the climatic aneters at different locations in Kenya. Solar
forcing of climate is evident in Kenya.

Keywords: modeling, climatic parameters, solar indices, stital indicators.

INTRODUCTION Rabiu and Omotosho (2003) reported negative
Climate change has for long remained an objectlationship between the total column tropo-

of keen intensive research. The climate of ouspheric 0zone concentration in tropical Nigeria

own Earth is rooted in the troposphere, a regioand solar activity. Rabiet al, (2005) also es-

in the altitude range 0 — 17 km. Attempts haveablished the linear dependence of surface air
been made to establish a coupling effect amortgmperature on solar activity after obtaining

the various layers of the Earth’s atmospherenegative correlation coefficients between the
Such attempts include: Labitzke and Van Loorannual means of surface air temperature and
(1988); Rabiuet al (2005). Impact of solar sunspot number both at two stations. The nega-
activity in Earth’s terrestrial environment is tive correlation was explicable in terms of tro-

propagated from the heliosphere via the interpospheric heating mechanisms in response to
planetary medium to the lower atmospheresolar activity. They asserted that the negative
which has troposphere at its lower end. Solacorrelation observed at all time scales is quite
activity affects the dynamics of the tropospherén agreement with the results of Labitzke

and influence the weather of the Earth. (1987), Labitzke and Van Loon (1988), Labitzk
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and Chanin (1988), Chanin (1988), and Nikoat the same time they are important manifesta-
lashkin et al (2001) who have shown that ations of solar activity (G§ri et al.,2004). Start-
negative correlation exists between solar activing in 1996, space observations by the Michel-
ity and atmospheric temperature up to 50 kmson Doppler Imager (MDI) on Solar Helio-
Rabiu et al (2005) used polynomial relation- physical Observatory (SOHO) have also be-
ship to model the surface temperatures fromome available; (Giri et al.2004). Sunspots
sunspot numbers. Ndedat al. (2009) estab- are seen as the centers of activity on the solar
lished similarities in periods of Meteorological surface (Akasofu and Chapman, 1972).
variables over Kenya and Solar Activity peri-

ods. Scafetta and West (2008) linked théhe solar 10.7 cm flux is the solar flux density
changes in the Earth’s average surface tempenaeasured at a wavelength of 10.7 cm in the UV
ture directly to two distinctly different aspectsregion of the spectrum. The radio emission
of the Sun’s dynamics: the short-term statisticalrom the sun at a wavelength of 10.7 centime-
fluctuations in the Sun’s irradiance and theters (the 10 cm flux) correlates well with the
longer-term solar cycles. They had earliesunspot number R NOAA Mg Il Core-to-
(Scafetta and West, 2003) showed that the staving ratio is derived from the ratio of theto k
chastic properties of the average global temlines of the solar Mg Il feature at 280 nm to the
perature are linked to the statistics of Total Sobackground or wings at approximately 278 nm
lar Irradiance TSA, and estimated that ‘the Suand 282 nm. Theéh and k lines are variable
could account for as much as 69% of the inehromospheric emissions while the background
crease in Earth’s temperature, depending on themissions are more stable. The Mg Il Core-to-
Total Solar Irradiance TSI reconstructionwing ratio is a robust measure of solar chro-
used’ (Scafetta and West, 2007). mospheric activity.

In this study, the climatic parameters: RelativeRESEARCH METHODOLOGY

Humidity and Temperature, from the KenyaModeling the Meteorological and Solar Vari-
Meteorological Department (KMD) for five ables

observatories in different climatic zones wereMonthly data records of relative humidity
modeled with the solar irradiance using thgRH), maximum temperature (MAT) and mini-
solar parameters: Sunspot Numbers),(Rhe mum temperature (MIT) for the years 1986 —
F10.7 cm solar radio flux (F10.7) and Mg 112005 were obtained at five terrestrial stations
core-to-wing ratio (Mg Il) to determine the representing the regional climatic zones under
solar forcing of the Kenyan climate. The solathe management of the Kenya Meteorological
indices used in this study are the Sunspot Nunbepartment (KMD). The experimental sites
bers (R), the F10.7 cm solar radio flux (F10.7) represent the different climatic variations of the
and Mg Il core-to-wing ratio (Mg Il) which country. Monthly average temperature (AVT)
measure the activities of the sun in the photovalues for the same period were calculated
sphere, the corona and the chromospheres, feem MIT and MAT values. Table 1 presents
spectively. Sunspots are the most easily olthe geographical coordinates of the stations
served features of the solar photosphere, whil@hose data were used in this study.

Table 1. Geographical coordinates of the meteorogical stations

Stations (Site) Code Latitude Longitude (°E) Altitide (m)
Kericho KER 0.4 (°S) 35.3 1946.85
Dagoretti (Nairobi) NBI 1.3 (°S) 36.8 1771.77
Kisumu KSM 0.1 (°S) 34.8 131.83
Mombasa MSA 4.0 (°S) 39.6 5.41
Garissa GRS 0.5 (°N) 39.6 120.13
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SELECTED METEOROLOGICAL STATIONS IN KENYA
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Fig.1. Map of Kenya showing locations of the statits (Courtesy Regional Centre for Map-
ping of Resources for Development: RCMRD, Nairobi)
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The Kericho site represents the western higharid features that span the whole of North East-
lands of the rift valley province. It is located ern province of the country. The semi arid fea-
near Kericho town, in the western high lands ofures make the place have characteristic long
the rift valley, about 87 km from Lake Victoria. periods of no rain. Sporadic rains are, however,
These features give it a fairly cold weather an@xperienced in this region. The region is also
persistent rains throughout the year. It is a teEamous for raising livestock such as camels,
zone area. Access is by road. goats and indigenous cattle.

The Nairobi site represents the central highlandssuming the meteorological variable y is ex-

region that spans the central, Nairobi and parfsressible in terms of the solar indices Rz

of Eastern provinces. The site is located withirand Mg Il such that:

the premises of the KMD headquarters, four

kilometers from the Nairobi city centre. It is iny =y (R, F10. Mgll) an empirical linear multi-

the central highlands of Kenya that influencewariate model of the form below is proposed:

the weather patterns here. It is accessible by

road network throughout the year. Being withiny=A+BRs+CF o #+DMglI (1)

the city of Nairobi, the area is not forested. But

it is within the neighborhoods of the forestedWhere 'y’ is any of the meteorological vari-

Karen and Ngong' estates. The soil type isbles;Rs is the sunspot numbeFq7 is the

loamy, and can support coffee and other se&10.7 cm solar radio flux index and Mg Il is

sonal food crops like maize and beans. the Mg Il core-to-wing ratio index respective
values. A, B, C and D are empirical coefficients

Kisumu site represents the influence of thahat are determined by least square fittings. The

smaller water body proximity of Lake Victoria, values of these coefficients are presented in the

which is largely in Nyanza and parts of themultivariate models 4 to 23.

Western provinces. The site is located within

the shores of Lake Victoria, within the KisumuPerformance of Models

city airport. It is a fairly hot region with a long The validity of the model was tested using the

rainy season from March to May, and shorstatistical indicators employed by Falayi and

rainy season in September/October to DecenRabiu (2005) and El-Metwally (2005). The

ber every year. It is accessible throughout thiMean Bias Error (MBE) and Root Mean Square

year by road network and by air. It is within theError (RMSE) were evaluated using the follow-

precinct of the Equator. The soil type is firming equations for the meteorological variables

and rocky, and supports food crops such aat the five stations:

sorghum, maize, beans and yams. Sugar-cane

and Cotton are also grown in the neighborhooghge = » (Y pes = Yous ) )
of the station. N
(Y s = Ve )]
red obs
Mombasa site represents proximity of the larg&MSE = [Z[”NN (3)
Ocean environment that covers the whole of the

coast province bordering the Indian Ocean. Thg,.qiS the calculated value from the modghs
site is located within the coastal city of Mom-is the observed value amdis the total number
basa. This is the city bordering the Indianof observations. The test of RMSE provides
Ocean which gives it a unique humidity. Theinformation on the short-term performance of
area is known for cashew nuts, cassava, palstudied model as it allows a term by term com-
trees and sisal. parison of the actual deviation between the cal-
culated value and the measured value. Igbal
The Garissa site represents the arid and serffi993) and Halouargt al. (1993) have recom-
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mended that a zero value of RMSE is ideasolar ultraviolet radiation is more prominent on
while a low MBE is desirable. The MBE and meteorological parameters in this study com-
RMSE values obtained were well within thepared to photosphere and corona.
recommended values as to validate the models.

Maximum Temperature (MAT) and solar

RESULTS AND DISCUSSIONS indices
The models represented in equations 4 to 2RER:MAT= 88.8943 + 0.0417R 0.0061F10.7
show the solar forcing of RH, MAT, MIT and — 251.6985Mg I 9)

AVT respectively.
NBI:MAT=57.8234-0.0545R+0.0733F10.7—

Relative Humidity (RH) and solar indices 144.8584Mg I (10)

KER:RH=-33.7938-0.1391R +0.0628F10.7+

382.59Mg |l (4) KSM:MAT=48.5030-0.0112R+ 0.0198F10.7 -
75.5191Mg Il (11)

NBI:RH=18.3722+0.1385R0.1714F10.7+

273.4407Mg Il (5) MSA:MAT=6.1165-0.0495R+0.0391F10.7+
84.6753Mg Il (12)

KSM:RH=-50.4949+0.0894R0.1383F10.7+

477.1217Mg |l (6) GRS:MAT=47.4955-0.03160.0447F10.7—
60.0679Mg Il (13)

MSA:RH=58.5081+0.1140R0.1375F10.7+

117.3244Mg 1l (7) The models presented in equations 9 to 13

show the solar forcing of MAT at all the sta-
GRS:RH=167.7331-0.0454/R0.0888F10.7— tions. All the models here indicate reasonable
388.261Mg |l (8) positive constant. Models in equations 10 to 13
indicate negative forcing of sunspot number on
The models presented in equations 4 to 8 shomaximum temperature. The model in equation
the solar forcing of RH at all the stations. Mod-9 for KER indicates positive forcing of;Rn
els 5 to 7 for NBl, KSM and MSA indicate MAT. Uniqueness of KER is seen in this case
direct forcing of sunspot numbers and inversas was observed in relative humidity.
forcing of F10.7. In KER and GRS meteoro-
logical stations; equations 4 and 8 respectivelyAll stations apart from KER indicate positive
show that Rhas negative forcing of RH while forcing of the coronal index F10.7 on maxi-
F10.7 has positive forcing of RH. The unique-mum temperature. The uniqueness of KER in
ness of KER is attributable to the orography othis case shows the consistency earlier ob-
KER as has been stated. The lowland semi argkerved.
features of GRS favors the inverse forcing of
RH observed. The index of the chromosphere, Mg Il has
negative forcing on maximum temperature in
Positive forcing of Mg Il on RH is evident in all the stations except in the case of MSA as
all the stations except GRS. GRS actuallydemonstrated in equations 9 to 13. The unique
shows negative forcing of sunspot number andase of MSA is attributed to the proximity of
Mg Il on RH; But positive forcing of F10.7 on the Indian Ocean. The solar activities in the
RH. This is attributable to the semi arid fea-chromosphere, through Mg I, hence solar ul-
tures characterizing that region. The high coeftraviolet radiation has positive forcing of the
ficients of Mg Il in the models indicate that maximum temperatures recorded in the coastal
forcing due to the chromosphere and hence theegion.

Journal of Science and Technology © KNUST April 2011



136 Ndeda et al.
Minimum Temperature (MIT) and solar KSM:AVT=27.7419-0.0106R-0.0115F10.7—-

indices 18.222Mg 1l (21)

KER:MIT=46.5722+0.0118R0.0003F10.7—

139.1391Mg Il (14) MSA:AVT=-23.8478- 0.0276R+ 0.0040F10.7
+191.0892Mg |l (22)

NBI:MIT=11.7282-0.0232R0.0202F10.7+

2.2811Mg Il (15) GRS:AVT=54.1991-0.0205/0.0376F10.7—
104.8192Mg |l (23)

KSM: MIT = 6.9808 - 0.0100R+ 0.0031F10.7

+ 39.07461Mg Il (16) The models presented in equations 19 to 23

show the solar forcing of AVT at all the sta-
MSA:MIT=-53.8120-0.0057R-0.0310F10.7+ tions. Inverse forcing of sunspot numbers on
297.5030Mg I (17) AVT is evident in all the meteorological sta-
tions except KER as seen in models of equa-
GRS:MIT=60.9028-0.0094R0.0305F10.7— tions 20 to 23. KER shows positive forcing.
149.5705Mg 1l (18) The same reasons as earlier stated for other
parameters can explain the unique case of KER.
The models presented in equations 14 to 18
show the solar forcing of MIT at all the sta-Positive forcing of F10.7 on AVT is evident in
tions. The models in equations 15 to 18 indicatall the meteorological stations except KER.
that the index of the photosphere, the sunsp®ER shows inverse forcing. The same reasons
numbers, has negative forcing of minimumas earlier stated for other parameters can ex-
temperature. In KER (equation 14) it has posiplain the unique case of KER.
tive forcing. The same reason as stated for RH
and MAT over KER applies here. Inverse forcing of Mg Il on AVT is evident in
KER, KSM and GRS but positive forcing in
NBI, KSM and GRS stations indicate positiveNBI and MSA. The positive forcing in the two
forcing of F10.7 on MIT, while KER and MSA major cities can be explained in terms of modi-
show inverse forcing. The coastal climate ofications by the Urban Heat Island effect.
MSA is the possible explanation to this devia-
tion. Correlations between the predicted and ob-
served values of the climatic parameters
A high value of positive forcing of the index of When the models were subjected to test by us-
the chromoshpere, Mg Il is seen in equationfhg the monthly solar indices data from January
15 to 17 for NBI, KSM and MSA. The exact 2006 to October 2007 (20 months data), the
opposite is the case in KER and GRS. Whileorrelation coefficients between the observed
the uniqueness of KER has been explained fand predicted climatic parameters that were
the cases of RH and MAT, the GRS is attributobtained per meteorological station are given in
able to the unique lowland semi arid climateTable 2 (columns 2 to 6). In column 7, we have
there. the correlations between the observed and pre-
dicted values when data from all the stations
Average Temperature (AVT) and solar indi- are pooled, not station wise. This is for longer

ces data of 100 months for all the five stations,
KER:AVT=67.7332+0.0267R0.0032F10.7— each having the 20 months of the climatic pa-
195.4188Mg Il (19) rameters data.

NBI:AVT=-105.7111- 0.0942KR-0.0239F10.7+ From Table 2 (columns 2 to 6), the positive
472.5642Mg 1l (20) correlations between the observed and pre-
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dicted RH are quite strong in KER (r = 0.67)clusions can be drawn from the models:
and KSM (r = 0.52) at the 0.01 and 0.05 levels
of significance respectively. MSA gives a fairl. The photosphere through its index, the
correlation at r = 0.5. This is an indication thatsunspot number has positive forcing of Relative
the RH model can best be used in the westelumidity (RH); while the corona, through its
highland rift valley of KER and close to theindex F10.7 cm solar radio flux has negative
large water bodies in KSM and MSA. forcing of RH in Kenya, except for KER and
GRS meteorological stations where the sce-
Only the negative correlation between observedario is opposite. Solar Ultraviolet (UV) radia-
and predicted MAT in KER (r = -0.68) is statis-tion through the proxy Mg Il core to wing ratio
tically significant at the 0.05 level (2-tailed). which is the index of the chromosphere has
Some substantial positive correlation betweepositive forcing of RH in Kenya. The lowland
observed and predicted MAT are in NBI andsemi arid region of north Eastern Kenya influ-
MSA. This shows that the MAT model is bestences the opposite trend of forcing. The models
applied in the low temperature area of the wesgive predicted values that correlate well with
ern highlands of rift valley, and the coastal andhe observed values for KER, KSM and MSA
central highland areas to a limited extent. when short time data are used; but they give
predicted values that correlate better with ob-
From Table 2 (column 7), we see that when weerved values when longer duration data are
have long time data, the predicted values for alised.
parameters are statistically significant at the
0.01 level (2-tailed). The model works best for2. The photosphere through its index, the
temperature (MAX, MIN, and AVT) with the sunspot number has negative forcing of Tem-
correlation coefficient of about 0.9. We usedperature (MAT, MIT and AVT); while the co-
95% of confidence level to validate the modelsrona, through its index F10.7 has positive forc-
however, there are significant correlations being of Temperature in Kenya, except for KER
tween the solar indices and climatic variables ieteorological station. Solar UV radiation

the stations. through the proxy Mg II, which is the index of
the chromosphere, has negative forcing of
CONCLUSIONS MAT in Kenya, except for MSA where there is

All the models in equations 4 to 23 show solanegative forcing. Mg Il, however, shows gen-
indices forcing of the climatic parameters. Theeral negative forcing of MIT and AVT in ma-
statistical indicators MBE and RMSE validatejority of the stations considered in this study.
the models as recommended by Igbal, (199F ositive forcing is, however, prevalent in KER
and Halouanet al. (1993). The following con- and GRS for MIT; and in NBI and MSA for

Table 2. Correlations between the model predictedral observed values of climatic parame-
ters per station

Climatic NBI  KER KSM MSA GRS Corr. Coefficient (All sta-

Parameter tions’ data used): 100
months data.

RH -0.15 0.67* 052 052 0.33 0.64**

MAT 0.52 -0.68* 0.29 0.58 -0.08 0.89*

MIT 0.21 0.21 -0.3 0.14 0.26  0.96*

AVT -0.35 0.34 0.34 0.02 0.26 0.90*

**Correlation significant at the 0.01 level (2-teil). *Correlation Significant at the 0.05 level (2-
tailed)
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AVT. The MAT model for KER gives pre- vances in Space Research, 34:269-273.
dicted values that correlate well with observed

values when short time data are used; but théyalouani, M., Nguyem, C. T. and Ngoc, D.
give predicted values that correlate better with (1993). Calculation of monthly average
observed values (r = 0.89) when longer dura-  global solar radiation on horizontal sur-
tion data are used. It is also clear that longer  face using daily hour of bright sunshine
period predictions can be done for MIT and solar energy, 50:247-258.

AVT (r 20.9) between predicted and observed

values when longer time data are used in modéjbal, M. An introduction to solar radiation.

testing). Academic press. New York, pp 59-67,
1993.
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