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Abstract

Boro rice is playing a significant role in the total rice production of Bangladesh. High
yielding variety (HYV) Boro rice is grown enormously in the Northern region of
Bangladesh. On the basis of per hector production, three HYV Boro rice producing
districts have been selected by Simple Random Sampling for the present study. The
selected three districts are Rajshahi, Rangpur and Dinajpur.

To fulfill the objectives of the present study Trend Analysis and Factor Analysis have
been anticipated. Suitability of commonly used trend models like Linear, Compound and
Quadratics trend models for the selected districts were checked by Mann-Kendall and
Spearman non parametric statistical tests and parameters of these models were estimated
by OLS technique. The DW statistics are obtained by OLS technique shows the evidence
of autocorrelation in the data sets. To overcome this problem we have used Cochrane-
Orcutt technique to estimate of parameter of the trend models. The Cochrane-Orcutt
technique minimizes the autocorrelation problem. The JB test shows the normality
assumption of errors for all the models. Although the R? and adjusted R? have increased
for all the models it is remarkable of about 17%-18% increasing of these values for
Rajshahi districts in both the Linear and Compound models. The HYV Boro productions
of the selected districts have been forecasted up to year 2021 for three trend models using
the data from 1971 to 2003 by Cochrane-Orcutt technique and the results are given in
detailed in Chapter Three. It is seen from the result that the Compound Trend model
performs better maintaining the growth rate 1.009 for Rajshahi, 1.012 for Rangpur, 1.008
for Dinapur and its forecasting performance is the best among the trend models.
Production of HY'V Boro rice may depend on several climatic and non climatic variables

like, rainfall, temperature, wind speed, humidity, cloud coverage, CO, emission, fertilizer
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use and tractor use. In this study, we are also interested to identify the factors whose
impacts are influential to the HYV Boro production of the selected districts of northern
region of Bangladesh. Factor analysis, a data reduction technique have been used to
identify the impact such variables on HYV Boro rice production in northern region of
Bangladesh. Our analysis has identified five influential factors for the HYV Boro rice
production for each of the districts. Therefore it is shown that the selected factors account
for 82.33% of the total variance for Rajshahi district, 75.71% of the total variance for
Rangpur district and 71.57% of the total variance for Dinajpur districts.

The findings of this study convey a message to the agriculturist, concerned authorities and
policy makers that keep watching of climatic factors and proper handling of other relevant
factors in Boro rice production of northern region that would be significant in food supplying

in this region and enhance the food security of Bangladesh.
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Chapter One
Background of the Study

1.1 Introduction

Bangladesh is an over populated country having the density of population
approximately 1104 per square kilometer. Agriculture is the most important sector
for the economy of Bangladesh. The huge population of the country depends on
agriculture sector for their foods and calories. About 84% people of Bangladesh
are directly or indirectly engaged in a wide range of agricultural activities
(Rahman, 2004). The agriculture sector contributes 19.10% at current prices to
GDP and employs 50.28% of the labour force. As a staple food the contribution of
rice is remarkable for the country. Rice provides about 75 percent of the calories
and 55 percent of the protein in the average daily diet (Bhuiyan et. @/, 2002), and
ensures political stability for the country. Since the stable supply of rice has great
implications for food security, many views food security as synonymous to
achieve self-sufficiency in rice production (Hossain et. al., 2005). Food grain
occupies the maximum share of agricultural GDP and it employs about 60 per cent
of total labour force. (Alam, 2008). Rice is a major source of livelihood in terms

of providing food, income and employment in Bangladesh. Rice occupies 10.58
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million hectares of land which is about 77 percent of its cultivated area (BBS,
2008).

The population growth rate of Bangladesh is 2 million per year. According to this
rate, the total population will become 233.2 million within 2050. In Bangladesh,
about 80,000 ha of arable land are going out of production every year. (Mondal,
2010). However, the country faces a tremendous challenge for providing food
security to the increasing population. Therefore, it is important to increase rice
production in order to meet the growing demand for food emanating from
population growth. Although, there have been ups and downs in the domestic
production of food grain in Bangladesh, it is important is to increase the
production by engaging the High Yield Varieties (HYV) of rice to meet the
present challenges of food crisis in Bangladesh.

1.1.1 Rice around the world

Rice is the second largest cereal in the world. It is the staple food for more than
half of the world’s population and is the main food source for seventeen countries
in Asia and the Pacific and for eight in Africa (FAO, 2005). At the beginning of
the 1990s, world rice annual production in the different countries was around 350
million tons this production is about and by the end of the last century it was 410
million tons. Now this annual production reached about 550 million tons around
the world.

Rice is now cultivated in 113 countries in the world. Ninety one percent of the

global harvested rice produced in Asia, 3.6% in South America, 3% in Africa,
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1.8% in North America and only 1% in Europe. Continental wise production of

rice is given in the Table 1.1

Table 1.1 Rice Production by Continent

Asia 574.2 million tons (91% of global rice harvest)

South America | 22.6 million tons (3.6% of global rice harvest)

Africa 20 million tons (3% of global rice harvest)

North America | 11.1 million tons (1.8% of global rice harvest)

Europe 3.4 million tons (1% of global rice harvest)

In addition, Oceania farms 148,000 tons of rice.

(source : www.rice-trade.com)

According to USDA, rough rice production (in 000’ tons) from 2000 to 2008 of
Bangladesh, Asia and the World are given in Table 1.2
Table 1.2 Rough rice production for the period 2000 -2008

Year | World | Bangladesh Asia

2000 | 594414 37633 541300
2001 | 595481 36469 541715
2002 | 564278 37784 511119

2003 | 585469 39232 528613

2004 | 597824 38404 537949
2005 | 623260 43141 564431
2006 | 627311 43504 569455
2007 | 647077 43204 586808
2008 | 661811 46505 600541

(Source: USDA, PSD June-10, 2009)
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According to FAO, top ten world rice producing countries are given in the Table

1.3
Table 1.3 Top ten world rice produce countries 2009-2010
8 3
z g | 5| | 8| E| & ;
g 2 o & = 5 = S = N g
8 5 2 € 8 S = s | & & | S
Rice
Production
(in000, Mt) | 166417 | 132013 | 52079 | 38060 | 34519 27000 | 24640 | 14031 | 10199 | 9740
(32.7%) | (26.0%) | (10.2%) | (7.5%) | (6.8%) | (5.3%) | (4.8%) | (28%) | (20%) | (1.9%)

(Source: FAOQ, 2010)

1.2 History of Rice

As a cereal grain, rice is the most important and staple food for a large portion of
the world. The scientific name of rice is Oryza stavia and it belongs to the grass
family. The word Ouliz of the Ningpo dialect of the old Chinese language become
Oruz in Arabic and Oryza in Greeck language which were changed to Ritz and
rice. It is originated as dhan from dhanya from Sanskrit.

Oryza sativa is common Asian rice found in most producing countries which
originated in the Far East at the foot of the Himalayas. O. sativa japonica grew on
the Chinese side of the mountains and O. sativa indica on the Indian side. Rice has
been cultivated in China since ancient times and was introduced to India before
the time of the Greeks. Chinese records of rice cultivation go back 4,000 years.

1.3 Cropping pattern of Bangladesh

In Bangladesh, only nine crops- rice (73.94%), wheat (4.45%), jute (3.91%), rape

and mustard (3.08%), lentil (1.54%), chicklling vetch (1.25%), potato (1.13%),
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sugarcane (1.12%), and chilli (1.05%) are grown on 1% or more of the crop
acreage 14.61 million hectors and may be considered as major crops.

The minor crops in Bangladesh are gram (0.78%), millets and maize (0.60%),
onion (0.58%), black gram (0.51%), sweet potato (0.45%), groundnut (0.40%),
green pea (0.36%), sesame (0.33%), linseed (0.30%), garlic (0.20%), pea (0.12%),
barley (0.10%), etc. Some crops including vegetables, spices, etc, occupy a very
insignificant proportion of the gross cropped area and they altogether account for
1.57 percent. Some other crops of Bangladesh including vegetables, spices, tea,
sugarcane, tobacco, betel nut and betel vine etc. occupy a very insignificant
proportion of the gross cropped area. Among the minor cereals barley, maize
black gram and differ varieties of millets are grown in various locality in
Bangladesh.

Rice dominates the cropping pattern in most of the part of Bangladesh and it has
been broadly divided into three classes as

i. Aman

ii. Boro, and

iii.Aush

Generally Aman is harvested in December to January, Boro is March to May and
and Aus is July to August. Respectively and transplanted Aman is the most
important and covers about 46.30% of the paddy area, followed by Boro (26.85%),
aus (17.59%) and Broadcast Aman (B. Aman) (9.26%). Transplanted Aman (T.
Aman) is grown almost everywhere in Bangladesh, while Broadcast Aman is

mostly grown in the low-lying areas of the south and northeast. Boro is grown to a
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certain extent in every district, especially in the irrigated part, while Aus is a well
scattered crop.

Wheat is the second alternative cereal crop in Bangladesh next to rice in
Bangladesh. It is grown mainly in the drier parts of the north and is cultivated only
as a winter crop.

Jute leads the country's list of export crops but is ranked third in terms of area
cultivated. It is confined mainly to the low-lying areas of the Brahmaputra-Jamuna
and Padma floodplains.

Mustard is the fourth important crop. It is also grown mainly in the low-lying
areas of Brahmaputra-Jamuna and Meghna floodplains.

Masur, Mung, Mashkalai, Chhola Kheshari and Motor are the important varieties
of pulses produced almost everywhere in Bangladesh. Masur is mainly grown in
the Gangetic delta while Khesari is a well-scattered crop in the islands and chars
area and the northern part of the country.

Now a day the substitute of rice potato is the most important of the winter
vegetables and is broadly grown at Munshiganj, Comilla, Rajshahi, Rangpur,
Dinajpur, Bogra, Joypurhat and Nilphamari districts. Sugarcane is the eighth
important crop the country. It grows best in Rajshahi, Natore, and Chuadanga
districts.

The cropping pattern is dependent on agro-ecological conditions and is
specifically influenced by the time of the monsoon rains, the amount and

distribution of rainfall, the occurrence of natural calamities such as storms and
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cyclones and length of flooding periods. Though there are some local variations
for the country as a whole, there are nine basic cropping rotations (Hossain, 1991).

Table 1.4 Cropping pattern of Bangladesh

Cropping Pattern
Pre-Kharif Season Kharif Season Rabi Season

Rice / Jute Fallow Rabi crops
Rice / Jute Rice Fallow
Rice / Jute ' Rice Rabi crops
Fallow Rice Fallow
Rice Rice
Fallow Rabi crops
Mixed Rice Fallow
Rice (B. Aman) Fallow
Rice (Boro) Rice ( T. Aman)
Rice (T.Aman)
Mixed Aus rice and Kharif
Crops.

Normally, A large number of cropping patterns are follows in Bangladesh
depending on the crop production environment which greatly influenced by land
type, soil texture flooding regime rainfall and resource base of the farmers. Some
dominant cropping patterns under variable crop production environment are as

given in following Table 1.5
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Table 1.5 Environment and season wise cropping pattern in Bangladesh

Pre-Kharif Kharif Rabi

Season Season | Season
Rainfed Boro Fallow | Wheat/Potato/Pulses/Oilseeds/
condition | Aus/Jute Sugercane
Irrigated | Fallow T Aman | Wheat/Boro/Wheat/Potato/Tobaco/
condition | T Aus Fallow | Vegetables

1.4 Rice in Bangladesh
Present status of production of rice in Bangladesh and description of Boro rice are
discussed bellow.

1.4.1 Present Status of Rice Production in Bangladesh

Rice production systems make a vital contribution to the reduction of hunger and
poverty in Bangladesh. Total rice production in Bangladesh was 10.32 million
tons in the year 1975-76 when the country's population was only 79.90 millions
and cultivated rice arca was 10.32 million ha. However, the country is now
producing 27.32 million tons in 10.71 million ha rice area to feed more than 140
million people (BBS and DAE, 2007). Increase in rice production has been
possible owing largely to the adoption of modern rice varicties on around 73% of
the cultivated rice land which contributes to about 85% of the country's total rice
production, modern rice cultivation technology, improvement irrigation facilities
and applications of fertilizer and pesticides (BBS, 2006).

T. Aman had a vital role in increasing the total rice production till 1995-96; after

1995-96, Boro rice is playing a significant role in the total rice production. Boro
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rice production gradually increased due to increase in cultivation area, high yield
varieties, modern technology and improvement in irrigation facilities during
winter season. In 2007-2008, Boro rice contributed to more than 58% of the total
rice production, whereas, T. Aman 34% and Aus rice only 7%.

The rice cultivation area has mostly remained unchanged over the last few decades
but there is a good sign to increase Boro rice area because it makes an important
contribution to increase the overall rice production and the main source of
livelihood for the farming community in Bangladesh. Rice production in different

varieties of rice and population are given in Fig 1.1

160 1 —Poplliatiou(million)
140 4 =Rice Production (million ton)
170 - === R ororice (million fon)
- =T, Amanrice (million ton)
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Fig 1.1 Year wise Population and Rice Production in Bangladesh

Year wise production area of different rice varieties are shown in Fig 1.2.
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Fig 1.2 Area under Rice Production in Bangladesh

The rice import statistics of Bangladesh from year 1990-91 to 2008-90 are shown

in Table 1.6.
Table 1.6 Import of Rice in Bangladesh, 1990-91 to 2008-09
Year Total Import*
1990-1991 10
1991-1992 39
1992-1993 19
1993-1994 66
1994-1995 814
1995-1996 1144
1996-1997 34
1997-1998 1085
1998-1999 3056
1999-2000 433
2000-2001 562
2001-2002 127
2002-2003 1557
2003-2004 801
2004-2005 1295
2005-2006 53
2006-2007 720
2007-2008 2059
2008-2009 1070

( Source: Bangladesh Food grain Digest different issues * import in ‘000 metric tons)
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1.4.2 Boro Rice in Bangladesh

The Boro rice is commonly known as winter rice which is grown in the winter and
pre-monsoon seasons and harvested in April and May. Boro is a Bengali term
originated from the Sanskrit word 'BOROB'. Modern rice varieties were
introduced for the Boro and Aus seasons in 1967 and for the Amon seasons in
1970 (Hossain et. al., 1994). In Bangladesh Boro rice occupied nearly 35% of the
10.80 million hectors of rice harvested area, and contributed 50% of the 38.7
million tons of rice produced in 2001-2002. The yield in 2001-2002 was 4.9
tons/ha (Singh et. al., 2003b).

The main contributor has been the irrigated Boro rice production, which showed
about 6.3 per cent annual growth during the same period. Currently, Boro rice
accounts for about 60 per cent of total food grain production. It is notable that
Boro production in 2007-08 increased by 18.87 per cent over the previous year
and this largely contributed to the rise in total food grain (rice and wheat)
production by 6.13 percent during this time. The significant jump in 2008 Boro
production was mainly due to favorable weather conditions, timely planting, better
care for input application and inter cultural operations by farmers, hard work and
vigilance of the Agricultural Extension officials, diesel and electricity supply, and
above all extra efforts and constant monitoring by the Ministry of Agricultural
(Mondal, 2008).

There has been an overall increase in the production of the crop compared to last
year as well as five years average, 1.4 percent and 15.2 percent respectively.

Rajshahi division in the North West remains the main basket of Boro rice,

i§:«z}shahi Univcrslty Librazy
“ocumentation Section
Document -~ Do m 72 72}
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although there has been a slight setback compared to the previous harvest. A

multiple bar diagram of Boro production of different divisions are given in Fig

B A

R it

1.3.
Boro Production

30
(00 A28.1 Production
f . 2009-2010

L 25
Production
20 2008-2009

Chittagong Sylhet  Dhaka

Barisal

Khulna

Rajshahi

Five yesr average

i) 15 N 5004/2005-

s R 2008/2009)
in 10 - A - 2009-2010 production
compared to 5 year
| 5 production average
(%)
-0

Source: Bangladesh Bureau of
Statistics {BBS)

Fig 1.3 Bar diagram of Boro production of different divisions of Bangladesh

Overall incretions of Boro production in comparison to the total production of rice

are given the following table.

Table 1.7 Contribution of rice to growth in total rice production, 1951-2008

Period Increase in total | Increase in Boro Contribution of
rice production | rice production | Boro to incremental
(000 t/yr) (000 t/yr) rice production
(percent)

1951-70 333 114 34
1971-90 500 312 62
1991-00 867 764 88
2001-08 971 942 97

( Sources: BBS, monthly statistical bulletins and statistical yearbooks, various years.)
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1.5 Factors Affecting the HYV Boro Rice

Weather and climate are key determinants of the productivity of crops grown in
many region of the world (Challinor ez. al., 2003). The production of major crops
in Asian countries depends on surrounding climate and weathers. The impacts of
climate change on food production are global concerns, and they are very
important for Bangladesh.

The production of agriculture crops in Bangladesh like Boro rice are strongly
interrelated with the climatic and non climatic factors like as rainfall, temperature,
humidity, cloud coverage, sunlight, carbon dioxide emission, evaporation and
‘fertilizer use, human labor, insecticide use, ground water level and seed
management system.

1.5. 1 Rainfall

Agricultural production is affected by many uncontrollable climatic factors.
Rainfall is one of them. The success of crop establishment and growth depend
largely on the availability of adequate rainfall.

The effect of the rainfall is considerably good and beneficial for the crop at the
time of germination. |
Sastry (1976) emphasized that the success or failure of crops in both rainfed and
irrigated agriculture is closely iinked to rainfall pattern. Rainfall is one of the main
meteorological phenomena affecting the growth and development of the plant and
the size and quality of the harvest for a given acreage. Rainfall distribution pattern
in relation to physiological phase of the crop variety and soil condition is a

prerequisite for successful crop planning. It is usually the dominant climate factor,
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not only in partially irrigated environments but also in fully irrigated environments
(Bhuiyan and Galang, 1987).
Variability of rainfall distribution is the most important factor limiting yields of
rainfed rice. It is about 80% of the growing rice in south and Southeast Asia.
According to Virmami, 1987 rainfall is the most dominant factor for rice culture.
Climate and agriculture are intimately related. Both long-term meteorological
factors (climate) and short-term meteorological events (weather) affect crop
growth, development, and production.
Deficiency in rainfall creates problems right from sowing to physiological
maturity stage of Boro rice are discussed bellow:
a) A deficit rainfall during May/early June hampers the summer ploughing
which ultimately results in late sowing,
b) A delay in onset of monsoon results again in delayed sowing.
¢) A break in monsoon immediately after sowing and germination results in
decreased plant population.
d) Any water stress or drought during vegetative and reproductive stages of
rice adversely affects the productivity of rice crop.
1.5 .2 Temperature
Temperature is a dominant climatic factor, which affects the growth of rice plant
and yield of rice. Growth and maturity of rice plants at different stages are
governed by certain critical levels of low and high temperatures, normally below

20°C and above 30°C.
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Temperature greatly influences not only the growth duration, but also the growth
pattern and the productivity of rice crops. During the growing season, the mean
temperature, and the temperature sum, range, distribution pattern, and diurnal
changes, or a combination of these may be highly correlated with grain yields
(Basak et al., 2009).

Rice plant has nine growth stages with its three distinct growth phases and every
stage has an optimum temperature range for its proper development. The critical
temperatures for the development of the rice plant at different growth phases like
vegetative, reproductive and ripening are shown in Table 1.5.2.1.

Table 1.8 Critical temperature of rice plant at different growth stages

Growth stages Critical temperature (0C)
Low High | Optimu
m
Germination 16-19 45 18-40
Seedling emergence 12 35 25-30
Rooting 16 35 25-28
Leaf elongation 7-12 45 31
Tillering 9-16 33 25-31
Initiation of panicle 15 - -
primordia
Panicle differentiation 15-20 30 -
Anthesis 22 35-36 | 30-33
Ripening 12-18 >30 20-19

( Source: Yoshida, 1978)

These critical temperatures differ according to variety, duration of the critical
temperature, diurnal changes and physiological status of the plant (Yoshida,

1981).
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Critical low and high temperatures for different growth stages of the rice plant
have been identified (Yoshida, 1978). Depending on growth stage injury to the
rice plant may occur when the mean daily temperature drops below 20°C
(Yoshida. 1981). Low temperature injury to rice plants has been reported by a
number of Asian rice growing countries including Bangladesh, China, India,
Indonesia. Iran. Japan, Korea, Nepal, Pakistan and Sri Lanka (Y oshida, 1981).
According to Sastri and Minj the impact of increased maximum temperature by
1°C to 2°C during reproductive stage is detrimental as the yields decrease by 3-4
g/ha under 1°C rise of temperature and 5-6 g/ha due to 2°C rice in temperatures
during reproductive stage. Such detrimental effect is seen both under rainfed and
irrigated conditions. The potential rice yield decrease by about 5 g/ha under both
the conditions. Also, if the duration of reproductive stage is decreased by 7 days
due to rise in temperatures, the rice yield can down by 10 g/ha. In the same way if
there is forced maturity in the crop due to increase in temperatures during maturity
stage, the potential rice yields can go down by 15-18 g/ha.

1.5. 3 Wind Speed

Pollination is central to successful reproduction in some plants. Simply stated, it is
the transfer of pollen grains from the stamen of one flower to the stigma of the
same or another flower. It is known from the pollen characteristics of rice is that
any pollen will be viable through weather like Wind Speed and Humidity. The
length of time that pollen is viable can be weather dependent. Pollen is typically
viable for 10-20 mm, but viability is dependent upon humidity and exposure to

UV radiation (Gealy et. al., 2003; Khush, 1993). In order to produce the harvested
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crop it is required to successful pollination. Since rice is a self-pollinated or wind-
pollinated plant its production may be increased if the ideal condition is present at
the time of pollination period.

Only very low wind speeds are required for replenishment of CO, supply to the
rice plant by turbulence in the crop canopy. Strong wind causes too much
fluttering and waving of the crop canopy which

(i)  Interferes with ascent of sap and hence on its mineral nutrition

(ii)  Reduces formation of photosynthesis, and

(iii)  Poorer retention of assimilation product in ears.

Dry winds desiccate ovaries and increase sterility, blow-off the pollen from
stigma. Especially those with feathery stigma or with a long gap between the
opening and closing of lemma and palea (Saran et. al., 1972).

1.5.4 Relative Humidity

Relative humidity is one of the important factor for the crop cultivation and finally
for its production. Relative humidity below 40% inhibit flowering, which is best
when relative humidity below is 70- 80% (Angladette, 1966). In the dry weather
season growing of rice puddle conditions to ensure requisite relative humidity
regime would appear necessary.

According to Huda, et. al., (1975) a change of £1% of maximum and minimum
daily relative humidity from the average during the nursery period slightly affects
the yield. The reproductive and ripening phases are susceptible to a change of 1%
maximum and minimum daily relative humidity and also to a change of £1°C

minimum daily temperature from their corresponding averages.
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Humidity refers to water vapour content of the atmosphere and the quantity of
after held in the atmosphere at any particular time can be expressed as absolute,

specific or relative humidity.

Weight of water vapour
Volume of air

Absolute Humidity (g/m*) =

Weight of water vap our
Weight of air inchiding water vap our

Specific Humidity =

Water vapour present in the air
apour pr x100

Relative Humidity = - -
Water vapour required for saturation

1.5. 5 Cloud Coverage

Geographic limits and yields of different crops may be altered by changes in
precipitation, temperature, cloud cover and soil moisture as well as increases in
CO, concentrations. High temperatures and diminished rainfall reduce soil
moisture, reducing the water available for irrigation and impairing crop growth in
non-irrigated regions. A small increase in cloud cover could, in principle, balance
the heating resulting from greenhouse gases. In paddy rice, maximum yields are
obtained in the dry season, when cloud cover is less and photosynthetic active
radiation is greater than during the wet season. Cloud coverage has an important
role in agricultural crop besides the sensitiveness to canopy geometry and
moisture contents. Low temperature, rainy and cloudy weather between the boot
stages to ripening stage diminish the percentage of matured grain like Boro rice.
High level of cloud coverage throughout the year may reduced the production of

agricultural crop production
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1.5. 6 Carbon Dioxide

Increasing levels of CO, in the atmosphere are likely to have a positive impact on
crop yields, though there is uncertainty over the extent of this impact. The effects
of CO, depend on crop type, soil and management factors; they may vary over
time and there is interaction with many other environmental factors. Increases in
both carbon dioxide levels and temperature will also affect rice production. Higher
carbon dioxide levels typically increase biomass production, but not necessarily
yield. Higher temperatures can decrease rice yields as they can make rice flowers
sterile, meaning no grain is produced. Higher respiration losses linked to higher
temperatures also make rice less productive.

The different predictions for elevated temperature, carbon dioxide levels, changes
in humidity, and the interactions of these factors make forecasting future rice
yields under these conditions challenging. IRRI research indicates that a rise in
night time temperature by 1 degree Celsius may reduce rice yields by about 10%.
1.5 .7 Fertilizer Use

Fertilizer is the most important nutrient element in soils and plays the most vital
role in crop production in Bangladesh. Fertilizer application mainly depends on
the soil types, growing season, irrigation applications and the cultivars used. The
demand for fertilizer is also affected by agro climatic conditions. High yielding
varieties of Boro rice are highly responsive and need adequate supply of fertilizer
to achieve targeted production. Urea (Nitrogen), Triple supper phosphate (TSP),
Murate of potash (MOP), Gupsum and Dasta (ZnSO4) are the major fertilizers

which are applied in agricultural land in various proportions for Boro rice
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production in Bangladesh. Urea is applied in three steps after Boro rice
transplanting and the other types of fertilizers are applied during the field
preparation. The use of chemical fertilizers in Bangladesh agriculture was started |
sharply after the year of 1975. Urea application is significantly higher comparing
to the other fertilizers application for crop production. Fertilizer application
sharply increased with the introduction of high yielding varieties.

Information on nutrient balance for a particular crop production system is very
useful in developing nutrient management strategies for sustainable production.
The continuous and unbalanced use of the chemical fertilizers under intensive
cropping systems has been considered to be the main cause for declining crop
yield and environmental degradation. All essential elements must be present in
optimum amounts and in forms usable by rice plants. Nitrogen, phosphorus, zinc,
potassium and sulfur are nutrients elements most commonly applied by rice
farmers. The amount of nutrients for Boro rice production in Bangladesh are given
in the Table 1.9

Table 1.9 Recommendation doses of nutrients for Boro rice production

Type of fertilizer Amount of | Average value of | Average dose of

nutrient nutrient (Kg/ha) fertilizer
(Kg/ha) (Kg/ha)

Urea (N) 110-130 120 267

TSP (P) 50-55 52.5 109

MOP (K) 79-82 80.5 134

Zinc Sulphate (Zn) 2 2 8

Gypsum (S) 10 10 59

(Source: BRRI, 2010 and Basak calculation)
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1.5 .8 Tractor use

To increase production and cropping intensity it is one of the most important
issues to make development of agricultural mechanization

Virtually, mechanization in Bangladesh agriculture started in 1960s with the
introduction of tractor, power tiller, deep tube well, shallow tube well and low lift
pumps on a very limited quantities. After independence in 1971, it gained pace,
especially, in irrigation development. Though, tractors, power tillers, and other
farm machinery like threshers and weeders increased with time, irrigation
equipment increased much faster rates.

The use of modern technology during recent decades resulted in a rapid growth of
the farm production. Tractors and farm machinery are important examples of this
modern technology (Xinan, et al. 2005 and Singh, 2000). The quality of inputs in
mechanisation and land and labour productivity may differ considerably (Singh,
1997, 2000; Singh & Chandra, 2002). The mechanisation technologies keep
changing with the industrial growth of the country and socio-economic

advancement of the farmers.

1.6 Literature review

We could not find any study directly addressing the analysis of trend and impact
of some variables on HY'V Boro rice production in northern region of Bangladesh.
So we were not able to locate any study which has been done jointly to analyze the
trend and impact of climatic or non climatic variables on agriculture production.
But we have searched out a number of studies which have been conducted

separately to detect trend and measure the impact of climatic or non climatic
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variables on agriculture production. A number of works have been carried out to
study the analysis of trend on various agriculture productions [see (Kumar and
Mittal, 2006); (WARDA, 2005); (Wilson et. al., 2004); (Anatoly MANELLYA,
1998); (Gupta et. al., 1999); (Kumar, 1978)] in world wide.

Rajarathinam, et. al., (2010) studied production and productivity trends and
growth rates of tobacco (Nicotiana tabacum) crop grown in Anand region of
Guijarat state, India for the period 1949-50 to 2007-08 based on parametric and
nonparametric regression models. In parametric models different linear, non-linear
and time-series models were employed and in nonparametric regression optimum
bandwidth was computed by cross-validation method.

Omobowale er. al, (2009) used trend analysis to examine the trends of six
agricultural stable food crops like maize, cassava, rice, yams, millet, and sorghum
of Nigeria and they have found that rice follows a linear trend for their data.
Karmokar and Imon (2008) have used linear, compound and quadratic trend
models using all variety of rice production data in Bangladesh. They made a
comparison among the selected models and found that the compound trend model
outperforms the other two models in all respect and finally they have concluded
that Bangladesh is maintaining an encouraging compound growth rate of 1.0227
per year in the production of rice.

Munir et. al., (2008) estimated growth trends in the Production of Mango in
Pakistan by Log Linear Model using time series data for the years 1982-2004.
Zare et. al., (2006) examined trends in cultivated area, yield and production of

wheat, barley and rice as the main cereal crops of Iran were studied during 1350-
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1382 using time series analysis and the situation of future were predicted for 1382-
1400 period.

They showed that the last 32 years cereals yield is increased considerably. Mean
annual rate of yield increase was much higher for irrigated cereals (62.5kg year-1)
and rice (69.7kg year-1) compared to rainfed cereals (12.6kg year-1), this
incremental trend will be continued towards year 1400. The increase of cereal
yield in spite of constant cultivated area is led to increase in total production and it
was predicted that total cereal production of country will be exceed 26 million
tons in target year of 1400. However, per capita cereal production which was at its
highest in the mid years of the study period, was decreased later and at present is
about 310kg which is not much different from the baseline year (1350). Per capita
production of cereals will remain unchanged until year 1400 because of high
predicted population growth rate.

Nguyen Cong Thanh et. al., (2006) has conducted a study on rice production trend
and export in Vietnam last 40 years from 1965 to 2004 has. Using Compound
Trend Model they showed that Compound Growth Rates (CGRs) for overall
period, of rice area, yield and production in Vietnam were positive and significant
growth at the rate of 1.34; 2.60 and 3.97 per cent per annum, respectively. These
were all positive and significant growth at 1 per cent level of probability. The
instability analysis for overall period showed that overall area, yield, and
production were high instability as compared to each sub-period in which most

high instability was found in rice production.
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Hafner (2003) found a prevalence of linear growth, i.e. constant annual yield
increase, on a global scale. Trends of slowing yield growth that are indicated for
some countries are caused by economic and biophysical factors. Gupta et. al.,
(1999) used growth and trend models to analysis the potato production of West
Bengal, India. A variety of trend model are now available in the literature for
analyzing the production of major crops.

Sahu (2003) studied growth and trend in production of some selected crops like
rice, wheat, potato and mustard using linear, quadratic and compound trend model
for agricultural production data of West Bengal, India.

Azad et, al, (2007) identified the quantitative and qualitative trends of milk
production of Baghabarighat Milk Shed Area (BMSA) of Milk Vita from January,
2001 to December, 2005. They was found a significant trend among the seasons,
and milk productions

Bhagyashree and Rajarathinam (2009) reported that nonparametric regression
model was found suitable to fit the trends in area under the bajra crop in Gujarat
state during the period (1949-50 to 2003-04). Bhagyashree (2009) employed
nonparametric regression model to study the trends in area, production and
productivity of tobacco crop grown in Gujarat state during the period (1949-50 to
2003-04). The results of the present study are in agreement with these researchers.
Finger, (2007) analyzed trends in yield growth and yield variability of barley,
maize, oats, rye triticale and wheat in Switzerland from 1961 to 2006 using linear
and quadratic trend models and showed that there have been linear increases in

crop yields since the 1960s.
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Karim, et. al. (2010) studied trend analysis of wheat production of three major
districts like Dinajpur, Rajshahi, and Rangpur for the period 1971-72 to 2001-04
using several model selection criterions.

Abedullah and Pandey (2007) estimated a heteroskedastic quadratic production
function using panel data gathered from 46 rice farmers in Tarlac, Philippines for
the period 1990-1995. Their study shows that aside from farm inputs, rainfall and
its interaction with farm inputs (especially fertilizer) also have significant effects
on rice production.

Tao, et. al. (2008), on the other hand, examined the relationships between rice
yields and growing season climate in the main production regions of China over
the period 1951-2002. They show that rice yield was significantly influenced by
the growing season climate. In particular, growing season temperature, which had
a generally significant warming trend, had increased rice yields in northeast China
over the period.

Although rice production of Bangladesh is influenced by seasonal characteristics
and different variables of climatic and non climatic such as rainfall, temperature,
humidity, cloud coverage, sunlight, carbon dioxide emission, evaporation and
fertilizer use, human labor, insecticide use, ground water level, seed management,
agriculture credit, population growth etc.

Despite technological advances such as improved crop varieties and irrigation
systems, weather and climate are important factors, which play a significant role to
agricultural productivity. But a reasonable amount of Boro rice production is

hampered in every year as a consequence of the above factors interactive over
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different scale in different locations. Therefore it is very essential to the researcher
to develop dissemination of knowledge and awareness building about climate
change and proper utilization of non climatic variables and possibilities adaptation
for cultivator.

So we are interested to analyze the study using maximum variables there many
techniques of multivariate analysis such as Principal Component Analysis, Factor
Analysis, Discriminant Analysis. Among them we have selected factor analysis for
our study.

Factor Analysis is done to find out the underlying dimensions or factors that
actually contribute to a number of observed attributes and it can be used in any
research for data reduction. Factor analysis had successfully adopted and used in
various field such scientific fields, behavioral and social sciences fields, marketing
and banking sector etc in different countries of the world. Many studies [see Anna
et. al., (2005); Babakus, et. al., (1987); Bartholomew et. al. (2002); Coughlan, et.
al., (2007); Distefano et. al., (2007); Fabrigar et. al., (1999); Floyd & Widaman,
(1995); Flora and Curran (2004); Paul and Erik ( 2005); Michaelides M. (2007);
Rigdon and Ferguson (1991); Smith et. al., (2006); Subbarao, et. al, (1995);
Widaman, (1993)] have been done to extracted contributory factor using factor
analysis. In that view we observe a number studies related to factor analysis in
following published by various authors.

Love, et. al., (2006) adopted Factor Analysis in groundwater quality management,
it is important to relate the spatial distribution of different chemical parameters to

different possible sources, which have different chemical signatures.
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Alimba and Akubuilo (2002) applied factor analysis to investigate the extent of
technological change and the effect on rural farm enterprises in southeastern
Nigeria and reported that technological change was neutral to most of the
perceived negative consequences associated with change. They also recommend
that all the identified agencies, institutional and social problems relating to
technological adoption and use in farms in the area must be tackled if the needed
transformation of agriculture is to be achieved in the new century.

Tsuyoshi et. al., (2007) used factor analysis to measure the stochastic properties of
the daily variations in drug sales in community medicine. They extracted four
factors from data of 31 drugs

Bukantis, A. (2002) applied Factor analysis (FA) to identify climate-forming
factors and quantitatively evaluate their importance in using average maximum
and average minimﬁm of air temperature (71 and 72), atmospheric pressure (P),
wind speed at a height of 10 m (), monthly precipitation (Q), duration of sunshine
(S) and partial pressure of water vapour (e) from seven meteorological station data
the eastern part of the Baltic Sea region and used.

H. Boyacioglu et. al., (2005) applied the factor analysis technique to the large
water quality data sets Buyauk Menderes River Basin in analyzing the surface
water contamination and determining the correlations between water quality
parameters. Two factors are found out to be significant in representing the water

quality parameters recorded in the basin.
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1.7 Aim and Objective
The people of Bangladesh are popularly referred to as "Macche-Bhate Bangali" or
"fish and rice makes a Bengali." Rice and fish are essential part of the life of
Bangladeshi people from time immemorial. Rice farming is the single most
important livelihood for a vast majority people of the country. To ensures political
stability, achieve development goal and the self-sufficiency in food of Bangladesh
it is very important to have an idea about the contribution of rice production
especially HYV Boro rice production of Bangladesh from different statistical
viewpoints. As the production of HYV Boro rice depends on some important
climatic and non climatic factors so it is also very essential to find out the the
responsible factors that are very influential for the production of HYV Boro rice in
the northern region of Bangladesh. Therefore, HYV Boro rice production trend
measure with its future prediction and extraction of influencing factors in northern
region of Bangladesh using data from 1971 to 2007 is our objectives for the
proposed study.
On the above goals the main aims and objectives of the study are given below:
® To have an idea on the HYV Boro production in the northern area of
Bangladesh.
® To judge the pattern/trend of HY'V Boro Rice production of study area.
@ To forecast of HYV Boro production for the selected region using trend model.
® To construct the contributory factors among a set of climatic and non climatic

variables through data reduction technique for HYV Boro Rice production in the

northern region of Bangladesh.



Chapter Two
Material and Methods

2.1 Introduction

Definition of Time Series, Time Series Components, Test of Stationary, Trend
Analysis, Nonparametric Tests, Data Reduction Technique especially Factor

Analysis and some diagnostics tools are discussed in this chapter.

2.2 Definition of Time Series

Some variables related with our everyday life experience changes with the change
of time. Arrangement of statistical data according the change of time is known as
time series. A time series can be defined as a collection of readings of some
phenomenon belonging to different time periods. Data, which are obtained from
the observations of a phenomenon over time, are extremely common and named as
Time Series (Cryer 1986). A time series is a sequence of observations which are
ordered in time (or space). According to Ya-lun Chow “A time-series may be
defined as a collection of readings belonging to different time periods, of some
economic variable or composite of variables.” W.Z. Herisch defined “A time
series may be defined as a sequence of values of some variable corresponding to

successive points in time.”
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Change of commodity price, population, yearly agriculture production, monthly
sales, weekly share prices, crime figures, yearly export, imports etc. are some

examples of time series.
Mathematically, a time series is defined by the relationship

Y =F(0; £ =1} treeee e eue eee eeeee veneen oo by, Where ¥, is the value of phenomenon

under consideration at time t.

2.2.1 Time Series Components

An important step in analyzing time series data is to consider the types of data
patterns, so that the models most appropriate to those patterns can be utilized. The
various factors that affect the values of the phenomenon in time series may be
termed as components of time series. The following four types of time series

components can be distinguished. These are:

1. Trend : In general, natural, human, economic and other processes produce
gradual trends. A trend is a long-term component that represents a growth or a .

decline of a time series over an extended period of time.

2. Seasonal Variation: This term of seasonality is used for time series defined at
time intervals which are fractions of a year. It is a pattern of change that repeats

itself from year to year.

3. Cyclical Variation : Changes in time series sometimes show a wavelike
fluctuation around a trend, which shows the possible existence of periodicity with

longer intervals.
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4. Irregular Variation : This is a part of a time series represented by residuals,

after the above-mentioned components have been removed.

2.3 Time Series Analysis

Time series analysis consists of identification, isolation, measurement and study of
the components of time series data. According to Fan and Yao, (2003) “Time
series analysis deals with records that are collected over time.” The objective of
time series analysis is to discover the magnitude and direction of the components

of the series.

There are two main goals of time series analysis:
(a) Identify-ing the nature of the phenomenon

(b) Forecasting.

Both of these goals require that the pattern of observed time series data is
identified and more or less formally described. Once the pattern is established, we
can interpret and integrate it with other data (i.e., use it in our theory of the
investigated phenomenon, e.g., seasonal commodity prices). Regardless of the
depth of our understanding and the validity of our interpretation (theory) of the

phenomenon, we can extrapolate the identified pattern to predict future events.
2.3.1 Stationary Process

In the time series analysis, a stationary process or strongly stationary process is a
stochastic process whose joint probability distribution does not change when

shifted in time or space. As a result, parameters such as the mean and variance,
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covariance if they exist, also do not change over time or position. That is a
stationary process has the property that the mean, variance and autocorrelation
structure do not change over time. It is a common assumption that the data are

stationary in time series analysis.

According to Challis and Kitney (1991) Stationarity, is defined as a quality of a
process in which the statistical parameters (mean and standard deviation) of the

process do not change with time.
The most important properties of a stationary process are following:

(i) The auto-correlation function (ACF) depends on lag alone and does not change

with the time at which the function was calculated.

(ii) A weakly stationary process has a constant mean and ACF (and therefore

variance)

(iii) A truly stationary or strongly stationary process has all higher-order moments

constant including the variance and mean.

Statjonarity is used as a tool in time series analysis, where the raw data are often
transformed to become stationary. When the economic data are often seasonal
and/or dependent on a non-stationary, it is essential to make it stationary for the

significant decision from the data.

Transformations to Achieve Stationarity: If the time series is not stationary, we

can often transform it to stationarity with one of the following method.

i) We can difference the data. That is, given the series Y, we create the new series
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AY, = Y,- Y,; and it may be stationary. The differenced data will contain one less
point than the original data and usually one difference become sufficient. If we

difference the data more than once, the first difference may not be stationary.

ii) If the data contain a trend, we can fit some type of curve to the data and then
model the residuals from that fit. Since the purpose of the fit is to simply remove

long term trend, a simple fit, such as a straight line, is typically used.

iii) For non-constant variance, taking the logarithm or square root of the series
may stabilize the variance. For negative data, you can add a suitable constant to
make the entire data positive before applying the transformation. This constant can
then be subtracted from the model to obtain predicted (i.e., the fitted) values and

forecasts for future points.

The above techniques are intended to generate series with constant location and
scale. Although seasonality also violates stationarity, this is usually explicitly

incorporated into the time series model.

2.3.2 Test of Stationary

There are two general approaches to testing for stationarity, parametric and
nonparametric. From the literature it is seen that parametric approaches are
commonly used by researchers working in the time domain, such as economists,

who are making certain assumptions about the nature of their data.

Nonparametric approaches are also used by the researchers working in the
frequency domain, such as electrical engineers etc. These tests are not based on

the knowledge or assumption that the population is normally distributed (Bethea
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and Rhinehart 1991). By making no assumptions about the nature of the data,
nonparametric tests are more widely applicable than parametric tests which often
require normality in the data. While more widely applicable, the trade-off is that
nonparametric tests are also less powerful than parametric tests. To arrive at the
same statistical conclusion with the same confidence level, nonparametric tests
require anywhere from 5% to 35% more data than parametric tests (Bethea and

Rhinehart 1991).

2.3.2.1 Autocorrelation Function and Correlogram

An important guide to the persistence in a time series is given by the series of
quantities called the sample autocorrelation coefficients, which measure the
correlation between observations at different times. The set of autocorrelation
coefficients arranged as a function of separation in time is the sample
autocorrelation function, or the ACF. Correlogram or Autocorrelation Function
(ACF) is a graphic of autocorrelation values from several time intervals in time
series data. ACF explains how big the successive data correlation in a time series

data. ACF can be used to determine whether a time series data is stationary or not.
One of the simple tests of stationary is based on the so-called autocorrelation

function (ACF). The ACF at lag k, denoted by p, and is defined as p, i3

Yo

where y, is the covariance at lag k and y, is the variance of the process. Therefore

lies between -1 to +1. Plotting O, against k we get the sample autocorrelation

function. It is also called Correlogram.
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Let us consider be the error from a first order auto-regressive AR(1) and define
&= P&tV
Where, E(v)) =0, var(v,) = o and cov(v, v;) = 0, for t # 5. v, is a new shock to

the level of the variable.

2

Now, E(g,) =0, var(g)= o =5 7 — and y,= cov(g Eu) = o, p,,k>0,kisthe

lag of order.

cov(a,_ 8,_k) _ clp,

Jvar(s )xvar(s,,) \jo?xa?

Hence O, = corr(s, &) =

Correlogram or Autocorrelation Function (ACF) is a graphic of autocorrelation
values from several time intervals in time series data. ACF explains how big the
successive data correlation in a time series data. ACF can be used to determine

whether a time series data is stationary or not.

2.3.2.2 Unit Root

A unit root is an attribute of a statistical model of a time series whose
autoregressive parameter is one. Let us consider consider the model for the data

series {y,} as;
¥: =y.1 + &, where ¢ is the stochastic error that follows the classical assumptions
i) & has men 0

ii) £ has constant variance o> and is non autocorrelated
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Here ¢ is some time called a white noise and it is a auto regression of order one
that is AR(1). Now if the coefficient of y,.; equal to 1 so the series {y;} has a unit
root and this will be treated as a unit root problem on the other hand the series {31}
is nonstationary. Therefore if we find p =1 by regressing {y:} on y., using the
equation y, = py,; + g, we may conclude that the stochastic variable y, has unit

root.

2.3.2.2.1 Dickey Fuller and Augmented Dickey Fuller Unit Root Test

A stationary series is generally characterized by a time-invariant mean, variance
and covariances. However, most of the macroeconomic time series are found to be
nonstationary. The nonstationarity of a time series can be tested by the unit root
tests first proposed by Dickey and Fuller (1979) and modified by Said and Dickey
(1984). These tests are generally known as Dickey-Fuller (DF) and augmented
Dickey-Fuller (ADF) tests. These tests are conducted on the following Dickey-

Fuller augmented model
.
Ay =agty,taxt + Z,BjAJ’t—j'*'gt (2.1)
Jj=
where, y,is the variable of interest, y,_ is the one-period lag value of y, , ¢ is the
time trend , Ay,=(y, -»,,), and @,,7,a,, B, are parameters, and &, is a random
disturbance term with mean zero and constant variance.

The fourth term on the right-hand-side of (2.1) is the augmentation term. The

Augmented Dickey-Fuller (ADF) test is based on the following hypotheses
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Hy y =0 (nonstationary) against the alternative hypothesis that
H,: y <0 (stationary) in (2.1)

In the absence of the fourth term on the right-hand-side of the equation (2.1), test
of the hypotheses in (2.1) is known as the Dickey-Fuller (DF) test The third term
on the right-Ohand-side of (2.1) indicates the deterministic trend (if any) in the
data set. The intercept term may or may not be present in the model depending
upon the data under consideration. When the model contains (i) no intercept and

no trend terms, (ii) intercept but no trend term, and (iii) both intercept and trend

terms then the DF and the ADF test are leveled 7,7, and 7_ respectively, for

testing the hypotheses in (2.1).

2.4 Trend Analysis

Long term upward or downward tendency of a variable is known as trend. The
term "trend analysis" refers to the concept of collecting information and
attempting to spot a pattern, or trend, in the information. In some fields of study,
the term "trend analysis" has more formally-defined meanings. Although trend
analysis is often used to predict future events, it could be used to estimate
uncertain events in the past, such as how many ancient kings probably ruled
between two dates, based on data such as the average years which other known

kings reigned.

In statistics, trend analysis often refers to techniques for extracting an underlying

pattern of behaviour in a time series which would otherwise be partly or nearly
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completely hidden by noise. A simple description of these techniques is trend

estimation, which can be undertaken within a formal regression analysis.

2.4.1 Non parametric Statistical Tests

Besides the graphical presentation a numerous non-parametric tests [Kruskal-
Wallis’s test, Wald—Wolfowitz’s test, Whitney-Pettitt’s test (Pettitt, 1979), Mann—
Kendall’s test, Spearman’s test ] are seen in the literature to detect the trend of a data.
Among these statistical tests Mann-Kendall rank statistic and the Spearman rank

statistic method are chosen for the present work.

2.4.1.1 The Mann-Kendall Rank Test

The Mann-Kendall test is a non-parametric test for identifying trends in time series
data. Kendall & Stuart (1961) has suggested that this is a powerful test when the
most likely alternative to randomness is linear or non linear trend. The test
compares the relative magnitudes of sample data rather than the data values

themselves (Gilbert, 1987).

The Mann-Kendall rank statistic £, is computed, by first replacing the
observations x;’ s by their ranks k; s such that each term is assigned a number
ranging from 1 to » which reflects its magnitude relative to the magnitudes of all
other terms. For each element &; the number &; is calculated as the number of k;
terms preceding it such that k> k;. Then ¢, is given by,

43N,

tm= m (22)



Material and Methods £3 39

t, is distributed very nearly as a normal distribution for large » and can be used as

the basis of a significance test,

g 4n+10 (2.3)

" s ot —1)

where 7, is the desired probability point of the normal distribution appropriate to a
two-tailed test. If ¢, lies inside the range + r,, then the time series does not contain

a trend.

Mann (1945) origiﬁally used this test and kennel (1962) subsequently derived the
test statistic distribution. In trend test, the null hypothesis Hp is that there is no
trend of population from which the dataset is drawn; hypothesis H; is that that

there is a trend in the analyzed records.

2.4.1.2 Spearman’s Rank Test

Spearman’s rank-correlation method is simple and distribution-free, i.e. it does not
require the assumption of an underlying statistical distribution. Yet another
advantage is its nearly uniform power for linear and non-linear trends. The method
is based on the Spearman rank-correlation coefficient,p (Dahmen and Hall, 1990;

Sneyer, 1990) which is defined as:

63 d’
1=1

-t
P n(n* -1)

(2.4)

where, d, = kx, — ky, when two or more observations, d,, have the same value, the

average rank ky, is calculated. A test-statistic ¢, is used to test the null hypothesis
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H, :p =0 (there is no trend) against the alternative hypothesis #, :p # 0 (there is a

trend). The test statistic is defined as

; 2.5)

For large n, the value of r, can be tested for significance by calculating the

quantity f; given by the equation

t,=r, T2 (2.6)

If the computed £, lie within the desired confidence limits of the two-tailed test, we

can conclude that there is no trend in the data series.

2.4.2 Estimation Methods

Two regression Methods are employed in this study to estimate the parameters of
different trend models. The methods are

(i) Ordinary Least Squares (OLS)

(ii) Cochrane-Orcutt (CO).

2.4.2.1 Ordinary Least Squares Method
One of the oldest techniques of modern statistics (Harper, 1974), Method of

Ordinary Least Square (OLS) was first described by German mathematician Carl
Friedrich Gauss around 1794 (Bretsche, 1995). It is more convenient and widely
used method among various method of estimation of unknown parameters on

regression analysis technique. The principles of Ordinary Least Square are to
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estimate the unknown parameters after minimizing the error of the model. This

method possesses attractive statistical properties and made it one of the powerful

and popular methods of regression analysis.
Let us consider a simple regression model
Y= BiXii + Bt oo+ Xty ,i= 1,2, ., p.
Where, Y; is the ith dependable variable (response). X;’s are predictors,f’s
unknown parameters and ui’s are uncorrelated variables errors distributed as

N(0, 6®). For different values of i the models are

Y, = ﬂ]X]] + ,BQXZI‘I' P ﬁkal +u
Yy=0 X2+ BoXoot oot BlXz t 2
Y,=0Xm+ BoXopt et SiXym + up

In matrix notation the equations can be written as
Y=XB+U
where, X = [ Xy Jus» B= [Biat» U= [tdnaa . ¥i = [Yi] nxa and E(U)= 0.
V) = &1 I is an identity matrix of order n.

In this simplest form of OLS, it is generally assumed that X is a nxk matrix of full

rank, column rank k which implies the X'X is nonsingular. According to the
principle of OLS method if ¥'=UU = (v - XB)(Y - XB) is minimizing them we get

the solution of B. that is
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g ;
== 0 satisfy the above condition

=2(XX-XXB)=0.
= B=(xXx)"(x7)
Which is the Least Square Estimate of B.

2.4.2.2 Cochrane-Orcutt Method

Estimation of parameters of a linear regression model is based on the assumption
that the errors are normally independently distributed with zero means and
constant variance. Sometime data of a regression model involve regressors and
response variables that have a natural sequential order over time. Such data are
called time series data. The assumption of uncorrected and or independent errors
for time series data is often not appropriate. So the errors in time series data
exhibit serial correlation (Box and Jenkins, 1976). Serial correlation or
autocorrelation refers to the correlation between members of a series of numbers
arranged in time.The sources of autocorrelation and consequences of
autocorrelation are as follows:

Sources of Autocorrelation
1. Omitted explanatory variables

2. Misspecification of the mathematical form of the model
3. Interpolation in the statistical observations
4

. Misspecification of the true random error

Consequences of A utocorrelation

1. the OLS parameter estimates will remain linear and unbiased

2. the estimated variances of the OLS estimators are biased.

3. the variance of the error term may be seriously underestimated (biased)
4

R will be unreliable and will be biased upwards.
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The Cochrane and Orcutt method is a techni

autocorrelation is appear in the data. The
followed in such estimation.

que of estimation of parameters if
procedure following steps should be

1. Run the regression for the original model.

2. Take the estimated residuals from the regression and run the equation

&, =v,+ pE,_, Vihere is essentially the intercept term.

3. The estimate of p obtained from 2 and the generalized differenced form is
estimated. From this OLS regression we noted the residuals sum of squares.

4. We take this latter set of residuals and with the aid of the regression model in 2
construct another set of variables and run the generalized model again with these

newly constructed variables and note the residual sum of squares.

The above steps will be done repeatedly until the residual sum of squares reduces

significantly. This will give the best fit of the model.

2.5 Data Reduction Techniques

Data reduction techniques are applied where the goal is to aggregate or
amalgamate the information contained the large data into manageable information
nuggets. Data reduction techniques can include simple tabulation, aggregation or
more sophisticated techniques like Principal component Analysis and Factor
Analysis. As a data reduction technique the factor analysis focuses on the

interdependencies between more variables, by reducing the initial data volume to

build a smaller set of factors with a minimum loss of information. Therefore the

factor analysis could help us for reducing the number of variables and/or for the

classification of this variable.
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2.5.1 Factor Analysis

Factor analysis is a data reduction technique. It is a statistical approach of finding
a way of condensing the information contained in a number of original variables
into a smaller set of dimensions (factors) with a minimum loss of information.
According to (Hair et. al., 1992) factor analysis is a statistical approach that can be
used to analyze interrelationships among a large number of variables and to
explain these variables in terms of their common underlying dimensions (factors).
Factor analysis extracts maximum common variance from all variables and puts
them into a common score. Factor analysis can be considered as an extension of
principal component analysis (Johnson and Wichern, 2003). Factor analysis
attempts to simplify complex and diverse relationships that exist among a set of
observed variables by uncovering common dimensions or factors that link together
the same unrelated variables, and consequently provides insight into the
underlying structure of the data (Dillon and Goldstein, 1984). Factor analysis
extracts principal factors that explain much of the total variation. As the exact
external shape of the factor structure is not unique, one factor solution can be
transformed into another one or rotated to a terminal solution. This can achieve
simpler and more meaningful factor patterns, instead of the highly complex
extracted factors that are related to many of the variables rather than to just a few
(Kim, 1970; Comrey and Lee, 1992). Factor analysis includes a variety of

correlation analyses designed to examine the interrelationships among variables

(Carr, 1992; Gorsuch, 1983).
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2.5.1.1 Principal Factor Method

Let R be the sample correlation matrix of a data matrix X (n x p) and let us
suppose that the factor loadings will be estimated from the correlation matrix it.
The principle of principal factor method is that, the factors are to be selected in
such a way that they can explain maximum variation in the original data set. Since

R is used as input in factor analysis, it is a method of estimation the parameters in

case of
s:l( - )2_1( +¢)>0
2P q 2P q

Therefore, the method is similar to that of principal component analysis. The
difference in both the techniques is that, in principal factor method the diagonal

elements in R are replaced by the estimated communalities.
Let the estimated communality of i-th variable be

2 TijTik
p-ToE

Here the variables I and Iy are such that they are highly correlated with I.

As an estimate of h’ hf one can use other values also. For example.

(a) h?is replaced by the square of the multiple correlation coefficient of i-th
variable with other variables.
(b) hz is replaced by the largest correlation coefficient of i-th variable with any

other variable .
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It has already been mentioned that the amount of variance of f; in the total variance

P
. 2
of Xis ¥; =7 X, and the total variance of all factors is ¥ = in . Therefore, (Vy/

pr

V)x 100 per cent variance of total variance is accounted for by j-t» component.
The Total variance of X is p since the variables are standardized. Since we have
V()= 4; hence j-th component explains (1,/24,)x 100 per cent variation of data
set. The basic characteristic of principal factor method is that, the coefficients A 11,
Figimnas s , Ap1 for component f; are to be estimated in such a way that in the total
variance V that amount of variance of f; is maximum. This is done under the

condition that total communality will be p and there will be p(p-1)/2 correlations.

Harman (1976) has proposed to estimate the values A1, Aap...... , Apt from

reduced correlation matrix R =R-v. Let I, be the largest eighenvalue of R and o

elements A1, A21e--e-- , Apis Ty =1, - Here V;= T:Tl is the amount of

variance of f; in the variance of all variables.

In a similar way, the vector of weights of second factor is to be estimated. To

estimate this vector R is adjusted by

R =K -TT,

Under the conditions that R; - iTJ_ T! and V, = T’,T, maximum, the estimate of the
j=2

vector of factor weights T is to be found out. Let the largest eigenvector of R_ be

l, and its corresponding normalized eigenvector be g, so that T,= lg,.
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This process of estimation is continued until the factor weights for the factors

Sif4-.. /4 are estimated.

In this process of estimation of factor weights, it is not pre-decided about the value
of q. However, at each step of estimation the reduced correlation matrix is

adjusted. Let us consider that m (<q) factors are selected. Then the adjusted

reduced correlation matrix is
R, =R"->'TiT} 2.7)
=1

If the values of R/ are very small, further estimation of factor weights will not be

fruitful. The diagonal elements of R’ are replaced by estimated communalities, s0O
in most cases these elements become less than 1. Due to the use of estimated
communalities, the R’ matrix is no longer positive semi-definite and some of its
eigenvalues may be negative. The eigenvectors corresponding to negative
eigenvalues may be imaginary. In such a situation the negative eigenvalue and its
corresponding eigenvector is dropped from the analysis and the number of factors

is so decided that the sum of eigenvalues is equal to the communality.

In principal factor method if the communalities are replaced by 1 or values near to
1 and if the factor numbers are equal to the number of variables, then the
analytical results will be similar to those obtained by principal component

analysis. However, the factors estimated by principal factor method are not scale

invariant.
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2.5.1.2 Unweighted Least Squares Method

The factor model to be analysed is
where y = y; 1. The variances of the unique part of Z,’s are heterogeneous.

If y = o I, then the factor model is identifiable and we have the following

decomposition
(Z-A1)L= [(AA' +6° D) - AI]T, (2.9)

where A; and T are the eigenvalue and eigenvector, respectively of 2.. In that case

the sigenvector of AA' is 4, = ./l_, — o and the factor loadings are then given by
A=T [diag (4 , ALses 4! )1
where T = [T1,Ta,...,Tq]. Thus, we have
A =T, \/_)3,1' =12,...,49.
The sample analog of equation (5.6.1) is
(XX —1,1)gi=(AA-1D)gi=0 (2.10)

where I; and gare the eigenvalues of X'X and the corresponding eigenvectors,

respectively. Also, [/ =/, —st,(i=12...9).

Hence s° is estimated by
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pb—q
The factor loadings are then estimated by
A= gL (2.11)
where g = lg,,gz,...,gql, L' =diag (1,,1;,..., 1)

This analysis is done assuming a homoscedastic variance matrix for unique part of
the variables. This is similar to the principal component analysis. But, in the
general factor model we assume a heteroscedastic variance matrix for the unique
part of the variables. In ordinary principal component analysis the component
loadings are inflated by a factor o?, since the analysis does not adjust the variance

matrix y.

The decomposition of the model factor for equation (2.8) are shown in the
equation (2.9). Thus the minimizton of residual sum of squares can be extended to
a general factor model, where the residuals to be minimized are given by

according to Joreskog (1977), the total derivative of U is
dU = d[Tr(S-X)*]
= Tr[d(S-2)’]
= 2Tr[(S-2)dX]

= 2Tr[(S-X)NAdA")] (2.12)
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ou
so that EY -4 (X-S)A

8U .
Now, > =0 provides

(-sh=[i+o)-sh

A

= AlA'A)-(SA-A)
=0 (2.13)
where A'A = L is diagonal. From (5.6.4), we can write
(s—)A=AL (2.14)

Here L and A are the matrices with eigenvalues of (S-y) in the diagonal position
and with the eigenvectors, respectively. Therefore, equation (2.14) represents a
principal component analysis with covariance matrix (S-y). This matrix is a
corrected covariance matrix with corrected variances in the diagonal places. The

non-zero eigenvalues of this corrected covariance matrix are q in number.

In the equation (2.14) v and A are two unknown uantities and as y is not known
beforehand, y and A are estimated simultaneously. As a method of estimation
principal component technique can be used. Let iy be the estimate of y using

first q components. Then, we have

g, = diag(S—AA") (2.15)
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since \y; are uncorrelated, onlythe diagonal elements of S are replaced by estimated
values. Once the initial estimate y; is available, it is used in equation (2.14) and a
second round estimate \p, is to be obtained. The process of estimation is

continued until the sequence of y and A converges to stable values. Note that the

factor loadings estimated thus are not scale invariant.

2.5.1.3 Generalized Least Squares Method

The least squares method discussed in the previous section can be generalized to
minimize the weighted least squares criterion, where the quantity to be minimize
is
G=Tr[S(S-X)S(S-2)] , (2.16)
Here S™! is the weight matrix [Joreskog (1977)]. The total derivative of G is
dG = d[Tx(S'Z-1)})
= Tr[d(SZ-1)"]
=2 Tr[(S"Z-Dd(S"Z-D)]
=2 Tr[(S'2-DS ™ dX)] (2.17)
If y in the model is assumed fixed,
dY =d(AA+Y)
= A(dA") + (dA)A'

=2A(dA) (2.18)
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Thus, we, have

dg =4 Tr [(S'2-1) STA(AA)]

dG

on =4S (ZS)S 'A

. dG
Putting = = 0, we get

S (Z-8)S'A=0
YSIA=A (2.19)

This equation is equivalent to that obtained in (2.19). This equation is also

equivalent to
112 1 172 -12 -1.2 (A |
(\|1 S” )\y A=y "Ad+AY INE

Since ' =y —y AU+ Ay A" Ay Therefore, A is obtained by interactive

process. Here Ay IA can be taken as diagonal. The columns of y 12 A are thus

1/?.S -1,.12

latent vectors of y w'?, and non-zero diagonals of I + A'y 1A) are the

eigenvalues.

2.6 Akaike's Information Criterion

Akaike's information criterion, developed by Hirotsugu Akaike under the name of
“an information criterion” (AIC) in 1971 and proposed in (dkaike 1974), is a
measure of the goodness of fit of an estimated statistical model. It is grounded in
the concept of entropy, in effect offering a relative measure of the information lost

when a given model is used to describe reality and can be said to describe the
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tradeoff between bias and variance in model construction, or loosely speaking that

of accuracy and complexity of the model.

The AIC is not a test of the mode! in the sense of hypothesis testing; rather it is a
test between models - a tool for model selection. Given a data set, several
competing models may be ranked according to their AIC, with the one having the
lowest AIC being the best. From the AIC value one may infer that e.g. the top
three models are in a tie and the rest are far worse, but it would be arbitrary to

assign a value above which a given model is 'rejected’ (Burnham, Anderson, 1998)
In the general case, the AIC is
AIC=2k-2In (L) (2.20)

where k is the number of parameters in the statistical model, and L is the

maximized value of the likelihood function for the estimated model.

2.7 Normality Checking

A standard assumption is that the random shocks are normally distributed. This
permits us to perform approximate t tests on coefficient significance at the
estimation stage. One way to check the normality is to examine the histogram of
the residuals. Another is to plot the residuals in a normal probability plot [see
(Weisberg, 1980); (Liu and Hudak, 1986)]. Both of the procedure provides a
helpful graphical presentation of the data; they do not, however, provide any
formal test for normality. There various formal test for normality. The most recent

and efficient test for normality of the fitted residuals is described as follows.
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2.7.1 Jarque-Bera Normality Test

In statistical analysis, the test for normality is an important problem. Many
statistical tests have been proposed by many authors to find out whether a sample
is drawn from a normal distribution or not. Here we discuss the Jarque-Bera (JB)
test which is based on the classical measures of skewness and kurtosis, a test of
normality proposed by Carlos Jarque and Anil K. Bera in 1980 and complete
paper of the JB Test was published in 1987 which is useful tool in Econometrics
Jarque (1987). In this section we discuss JB normality tests for the following null

and alternative hypothesis:
Hy: The data are sampled from a normal distribution

H,: The data are not sampled from a normal distribution

Lrt us consider the usual regression model

Y=Xp+¢ (2.21)

Where E (g) = 0 and E(gg")= o1 . In addition, £ normally distributed the third
and fourth moments for in £ elements are as

1y =E(g]) =0

And u,=E(g})=30"

A large number of tests for normality are based on how for estimates of the third

and fourth order moments, 7Z; and 1, deviate from 0 and 36* respectively,
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~D e . .
where & is an estimate of E(g’)=c?. In this regards measures of skewness and

kurtosis are

Relative to the normal distribution, a measure of excess Kkurtosis is given by

b, ==L 30"
O'

The JB test is a joint test of whether or not estimate of . /b, and/or (b, —3)are
significantly differ from 0. Since the error vector £ is unobservable, estimates of

b, and (b,-3) are biased on least square residuals. Specially, if £, =(y, —x,’)

where b=(x'x)" x'y and x' is the t-th row of the X9, then

i M-a

F =Ly o= 1sa, ’“=l
—T- r’uu3 T 4 T

Under Hy errors are normally distributed, JB statistic is as

e g (2.22)
65° &

which asymptotically follows the chi-squared distribution with two degrees of

freedom.
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2.8 Sampling Design

The sampling design is a fundamental part of data collection for statistically based
decision making. A well-developed sampling design plays an important role in
ensuring that data are sufficient to draw the conclusions needed. The goal of
sampling is that the selected data should be representative of the population and it
will also be unbiased so that the data have the integrify. There are number of
issues that researcher should be aware of when selecting the samples. This

includes determining:

a) The appropriate type and source of data which permit investigator to adequately

answer the stated research questions,
b) Suitable procedures in order to obtain a representative sample.

To draw the sample for the present study we have used the Simple random

sampling.
2.8.1 Simple Random Sampling

Simple random sampling (SRS) is one of the most popular types of random or
probability sampling. In this technique, each member of the population has an
equal chance of being selected as subject. The entire process of sampling is done
in a single step with each subject selected independently of the other members of
the population. Conceptually, Simple random sampling is the simplest of the
probability sampling techniques used in case of homogeneous sampling units. It
requires a complete sampling frame, which may not be available or feasible to

construct for large populations.
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Even if there may have some differences among the greater districts all of them
are homogeneous in per hector production. So these 5 greater districts have been
consecutively numbered from 1 to 5 and using random number from random
number table we have selected three districts. The selected districts are Rajshahi,

Rangpur and Dinajpur.

2.9 Study Area

The districts Rajshahi, Rangpur and Dinajpur marked by red circle in the

following map are the area selected for the study.
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2.10 Sources of Data and Construction of Variables

For the proposed study the production data of HYV Boro rice have been used from
three northern districts, namely Rajshahi (Yhraj), Rangpur (Yhran), and Dinajpur
(Yhdin). The HY'V Boro rice has three different stageé in its production period like
vegetative stage, growing stage and reproductive stage. The climatic variables
rainfall (r), temperature (t), wind speed (w), humidity (h) and cloud coverage (cc)
for these three stages explained as 1 for vegetative stage, 2 for growing /milk stage
and 3 for reproductive stage in each of the variables. Another climatic variable
Co2 emission (co) has used same for the three stages. The two non climatic
variables have been used on the fertilizer use (fu) and tractor use (tu) from three
different districts, namely Rajshahi (fur & tur), Rangpur (furan & turan) and
Dinajpur (fudin & tudin) respectively. The data have been used for all the

variables from the year 1971 to 2007.

The production data from the project ‘Early Warning and Food Information
System (EWFIS)’ conducted by the Food Planning Monitoring Unit (FPMU) of
the Ministry of Food, government of Bangladesh and Bangladesh Bureau of

Statistics.

The climatic data (Monthly Minimum Temperature, Monthly Rainfall, Monthly
Humidity, Monthly Cloud Coverage, Monthly Wind Speed) and a non climatic
data  Fertilizer Use are jointly collected from Bangladesh Metrological

Department (BMD), The Year Book of Agriculture Statistics of Bangladesh
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published by Bangladesh Bureau of Statistics (BBS), Planning Division, Ministry
of Planning, People’s Republic of Bangladesh

The variables quantity of production of HYV Boro rice by the three different
districts is labeled in italic given in parenthesis next to the district name. The
variables are measured in metric tons per hector (mt/hect.), temperature in Celsius
(°C) rainfall in millimeter (mm) wind speed in meter per second (m/sec), cloud
coverage in octas humidity in percentage (%) fertilizer use in Kilogram per hector

(Kg/hect.) and CO, emission in metric tons of carbon per capita tractor use in

number per hector.

2.11 Statistical Software

SHAZAM (version 10), a popular and comprehensive software package for
econometric and statistical computing was created in 1977 by Ken White have
used for data analysis. Writing and composing of the whole thesis have been done

by MS Word 2003 editor.
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Chapter Three
Trend Analysis

3.1 Introduction

Different trend models and their estimation of parameters, the empirical results
obtained from trend analysis and different forecasting errors are presented in this

chapter.
3.2 Trend Models

A variety of trend models are available in the literature for analyzing the trend of
agricultural production data. Among them linear trend model, compound trend model

and quadratic trend model are commonly used in the literature (Karmokar and Imon
2008).

Let y, (i=yhraj, yhran, yhdin .j=1,2,...,n) denote the HYV Boro production of rice, and t
be the year of production then the linear trend model becomes

Vi =a+bt+eg; (3.1)
The quadratic trend model can be defined as

yljza+bt+ct2+eij (3.2)

The compound trend model takes the form
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Yy =ab’ Ei’, (3.3)

Taking logarithmic on both sides of equation (3.3) we get,

*

Yy =a +bt+e, (3.4)

where y, =Iny,, a'=lha, B =g, e,j° =1In g, . For all of the above models we

have included the error term e ; and the basic assumption about the error term €, is
that it follows a Normal distribution with zero mean and constant variance.

3.3 Estimation of Parameters

To estimate the parameter of model (3.1), we have to minimize
p=>. (y,.j -7 )2 =3 (y,.j —a-— 51‘)2 according to the principle of OLS. The estimates
of a and b are given in below respectively

a=y,—bt and

3 Zyit_zyigt
Y

n

I

Then the estimated liner trend model becomes , =a+bt .

Similarly applying OLS, we get the estimates of parameters of equation (3.2) and

the estimates are

6=thy,-“*(ztz)(zyf) 5=ZJ’ __

X
— and 4=y, -

Zt“ _(Z;_Z)_ Zt n

>

Then the estimated quadratic trend model becomes y, =d+ bt+ét2.
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imilarly, fr i
Similarly, from equation (3.3) we get the estimated parameters are as

. tlogy,
b=Anti log(Z—LJ and a= Ansi log[ZlO_gy_"]

i "
Hence the estimated quadratic trend mode] becomes j =ab’

3.4 Results of Trend Models

Table 3.1 reports the summary statistics of variables for the production of high

yielding variety of Boro rice, yhraj, yhran and yhdin respectively for the districts

Rajshahi, Rangpur and Dinajpur respectively.

Table 3.1 Descriptive Statistics for HYV Boro production

Variable Min Max Mean SE CV (%) | Skew Kur
yhraj 2.05 3.81 2.848 0.466 1634 | 0342 | 2327
yhran 1.68 3.91 2675 0.514 19.20 0.285 3.256
yhdin 2.03 3.81 2.715 0.420 15.45 0.917 3.859

From the above the table we see that the maximum production of HYV Boro is
3.81 metric tone per hector and the minimum HYV Boro production is 2.05 metric
tone per hector for Rajshahi. The maximum production of HYV Boro is 3.91
metric tones per hector and the minimum HYV Boro production is 1.68 metric
tones per hector for Rangpur and the maximum production of HYV Boro is 3.81

metric tones per hector and the minimum HYV Boro production is 2.03 metric

tones per hector for Dinajpur for the period 1971 to 2007. The average production

of HYV Boro rice for Rajshahi, Rangpur and Dinajpur are 2.8483

m.ton/hector,2.6746 m.ton/hector and 2.7150 m.ton/hector respectively thought

the study period. The standard deviation for Rajshahi is 0.46551 m.ton, for
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Rangpur is 0.51369 m.ton and for Dinajpur is 0.41970 m.ton. The coefficient of
variation for Rajshahi, Rangpur and Dinajpur are obtained as 16.34%, 19.20% and
15.45% respectively. According to the coefficient of variation, the production of
HYV Boro rice for Rangpur shows the maximum variation and Dinajpur shows
the minimum variation. The skewness of the production of HYV Boro rice for
Rajshahi, Rangpur and Dinajpur are 0.342, 0.285 and 0.917 respectively. This
coefficients are positive indicate that the data set are positively skewed. The

kurtosis values for Rajshahi, Rangpur and Dinajpur are obtained as 2.327, 3.256

and 3.859 respectively.

The time series (TS) plot of the production of HYV Boro rice of the selected
districts for the year from 1971 to 2007 are shown in the following figures Fig. 3.1-
3.3.

yhraj

450 1
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3.00 -

288 ] —0——yhr3j
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Fig 3.1. TS Plot of HYV Boro production for the district Rajshahi
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Fig 3.2. TS Plot of HY'V Boro production for the district Rangpur
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Fig 3.3. TS Plot of HY'V Boro production for the district Dinajpur

The Figures (Fig. 3.1 - 3.3) sho

selected districts have upward trend. The non

ws that the production of HY'V Boro rice for the

parametric statistical test like,
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Mann-Kendall test and Spearman test have been done to check the validity of the

trend of the study variables and the results are show in the following tables.

Table 3.2 Mann-Kendal test statistic values for the period 1971 to 2007

Variable | Range | Mann-Kendal | Value at 95% level | Trend Exist
(Years) statistic & 1
tm
yhraj 37 -0.8431 0.338 Yes
yhran 37 -0.9477 0.338 Yes
yhdin 37 -0.9346 0.338 Yes

Table 3.3 Spearman test statistic values for the period 1971 to 2007

Variable | Range | Spearman | Value at 95% level | Trend Exist
(Years) statistic + 18
Is
yhraj 37 -2.1130 0.834 Yes
yhran 37 -2.7722 0.834 Yes
yhdin 37 -2.1463 0.834 Yes

From Table 3.1 we see that all the values of ¢, statistics fall outside of the 95%
confidence interval. Also from Table 3.2, all the value of fs statistics fall outsides
of 95% confidence interval. So we may reject the null hypothesis (Hp : There is no
trend in the data set ) for both the tests. Therefore, the trend exists for all the
variables used in the data set for the districts Rajshahi, Rangpur and Dinajpur.

Since we are using the time series data it is necessary to check the time series

properties (discussed in Chapter 2, Section 2.3) before applying the trend models.

The lag choice is a matter of fact for different test in time series analysis. Akaike's
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information criterion (AIC) is one of the simple ways to selection the lag length.

Because of the small sample size, we are strict to the seventh lag for the AIC test.

AIC values with trend and without trend are given in Table 3.4 and Table 3.5. The

test values (7, ) for with trend and without trend are reported in the Table 3.6 and

Table 3.7.

Table 3.4 AIC values of variables with trend for selected districts

Variable | Lag-1 | Lag-2 | Lag-3 | Lag-4 | Lag-5 | Lag-6 | Lag-7 | Min(AIC)
(Lag Choice)
yhraj -2.540 | -3.312 | -3.226 | -3.157 | -3.162 | -2.973 | -3.167 -3.312
(Lag2)
yhran | -2.496 | -2.434 | -2.391 | -2.299 | -2.204 | -2.103 | -2.072 -2.496
(Lag1)
yhdin | -2.912 | -2.837 | -2.766 | -2.831 | -2.724 | -3.135 -3.029 -3.135
(Lag6)

Table 3.5 AIC values of variables without trend for selected districts

Variable | Lag-1 | Lag-2 | Lag-3 | Lag-4 Lag-5 | Lag-6 | Lag-7 Min(AIC)
(Lag Choice)
yhraj |-2.757 | -3.070 | -3.033 -3.070 | -2.981 | -2.973 | -3.064 -3.07
(Lag2)
yhran |-2.310 |-2.237 | -2.161 2.132 | -2.133 | -2.020 | -2.076 -2.31
(Lagl)
yhdin |-2.637 | -2.649 22.706 | -2.810 | -2.736 | -3.179 | -3.079 -3.179
(Lag 6)
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Table 3.6 Test and Critical values of variables with trend for selected districts

Variable | Critical oel [Toga o _2”—'£est-values

value g ag-4 | Lag-5 | Lag-6 | Lag-7
yhraj 4.03 | 5.2220 | 4.3400 | 3.3163 | 2.5355 | 1.9392 | 4.3040 | 2.6646
yhran 4.03 | 3.3979 | 3.4770 | 3.7390 | 3.1628 | 2.6369 | 2.4217 | 2.6048
yhdin 4.03 | 4.3226 | 3.2915 | 2.2062 | 1.8471 | 1.6726 | 2.7757 | 1.5916

Table 3.7 Test and Critical values of variables without trend for selected districts

T— Test values
Variable | Critical La- 1 Laz2 | Lae3 | Laga
valus g ag- ag- ag-4 | Lag-5 | Lag-6 | Lag-7
yhraj 3.78 |0.40235| 1.0808 | 0.86397 | 1.5968 | 1.0212 | 1.6806 | 1.9717
yhran 3.78 |0.67031 | 0.79442 | 0.82391 | 1.2580 | 2.0805 | 1.7521 | 3.2203
yhdin 378 10.28270 | 0.70185 | 1.4432 | 1.6059 | 1.8642 | 4.0126 2.2749

The unit root test is applied for the series of data for Rajshahi, Rangpur and

Dinajpur in levels to test the stationarity. The Dickey-Fuller test values and the

associated 10% critical values are used reported in Table 3.8.

Table 3.8 Observed value of the z,— statistic with the critical value

Variable Critical value of Test Value (7,)
test
yhraj 4.03 4.340
yhran 4.03 3.398
yhdin 4.03 2.776
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From the above table, the test statistic value for variable yhraj falls in the rejection
region but the test statistic value for yhdin and yhran fall in the acceptance region

hence we may accept our null hypothesis for yhdin and yhran.

The ADF test (discussed in Section 2.3.2.2.1) test statistics values are done for all

the data set of selected districts and that are given in the Table 3.9

Table 3.9 Repeated Dickey-Fuller test for order of integration of the variables

Variable Ay A%’y | Critical value | Order of Integration
yhraj 6.2301 | 8.5855 4.03 10)

yhran 4.6617 | 5.9613 4.03 1)

yhdin 12.820 | 26.223 4.03 1(0)

The ADF statistics indicates that the null hypothesis (Hy. nonstationary of data) is
rejected for all the variables yhraj, yhran and yhdin. Therefore, the data of each of
the series are stationary. Since all the values of 1% difference and 2™ difference in
Table 3.9 greater than critical values, it indicates that all the variables are
stationary in level.

District-wise OLS estimate of parameters, standard error of estimates, T-Ratio and
corresponding p-value of the estimates for linear, compound and quadratic trend

models are shown in Table 3.10 to Table 3.12.
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Table 3.10 OLS estimates of parameters for Linear Trend model

Model | Vari - :
ode ariable | Co-efficient Standard T Ratio | P-Value
Error
yhraj t 0.028 0.005 5.495 0.000
Constant 2.285 0.101 22.600 0.000
t
yhran 0.032 0.005 6.763 0.000
Constant 2.015 0.963 20.930 0.000
t .
Jhdin 0.0193 0.004 | 4.458 0.000
Constant 2.292 0.867 26.440 0.000

Table 3.11 OLS estimates of parameters for Compound Trend model

Mode | Variable | Co-efficient Standard T Ratio | P-Value
1 Error

yhraj t 0.010 0.002 5120 | 0.000
Constant 0.839 0.038 22.040 | 0.000
t 0.013 0.002 5938 | 0.000
yhran | Constant 0.715 0.042 16.880 | 0.000
t 0.007 0.002 4457 | 0.000
yhdin | Constant 0.831 0.033 25.140 | 0.000
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Table 3.12 OLS estimates of parameters for Quadratic Trend model

Model | Variabl -
€ Co Standard | TRatio | P-Value
efficient Error
. t -0.050 0.015 -3.294 0.002
yhraj 2
t 0.002 0.000 5.258 0.000
Constant 2.754 0.116 23.670 0.000
t 0.004 0.019 0.187 0.853
yhran o
t 0.001 0.001 1.537 0.135
Constant 2.188 0.147 14.900 0.000
t -0.020 0.017 -1.221 0.231
yhdin 2
n 0.001 0.000 2.460 0.020
Constant 2.528 0.126 20.150 0.000

The values of coefficient of determination (R?), adjusted coefficient of
determination (adjusted R?), Jarque-Bera statistic (JB) and Durbin-Watson statistic
(DW) by OLS method for Linear Trend model, Compound Trend model and

Quadratic Trend model for the selected districts are reported in the Table 3.13-

Table 3.15.

Table 3.13 R’ adjusted R2, JB and DW statistic by OLS for Linear Trend model

Component R2 Adjusted R2 IB DW
Statistic | P value

yhraj 0.4855 0.469 1.400 0.496 0.799

yhran 0.5884 0.576 39.706 0.000 1.390

yhdin 0.3831 0.364 3.882 0.144 1.373
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2 g 5 .
Table 3.14 R', adjusted R, JB and DW by OLS for Compound Trend model

Component R’ Adjugted B DW
R Statistic | P value

yhraj 0.4503 0.433 3.249 0.197 0.869

yhran 0.5242 0.509 48.407 0.000 1.465

yhdin 0.3831 0.364 2.074 0.355 1.403

2
Table 3.15 R, adjusted R2, JB and DW by OLS for Quadratic Trend model

Component R Adjusted IB DW
R Statistic | P value

yhraj 0.7281 0.711 0.867 0.648 1.494

yhran 0.6175 0.593 38.452 0.000 1.484

yhdin 0.4839 0.451 1.049 0.592 1.624

From Table 3.13 to 3.15 it is seen that the DW values of all methods and for all
districts are less than 2 indicate that the data are affected by autocorrelation
problem. To avoid this problem Cochrane-Orcutt estimation (discussed in chapter
two, section 2.4.2.2) technique have been applied. The Cochrane and Orcutt
estimates of parameters for three methods and for the selected districts are
computed and reported in the Table 3.16-Table 3.18. Method-wise R’, adjusted R?,

JB statistic and DW statistic are given in Table 3.19-Table 3.21.
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Table 3.16 Cochrane and Orcutt estimates by Linear Trend model

Model | Variable | Co-efficient Standard T Ratio P-Value
Error
yhraj t 0.028 0.009 3.171 0.003
Constant 2.297 0.183 12.580 0.000
t 0.0
Jhran 32 0.006 5.239 0.000
Constant 2.027 0.124 16.390 0.000
) % 0.020 0.006 3.526 0.001
yhdin

Constant 2.286 0.114 20.000 0.000

Table 3.17 Cochrane and Orcutt estimates by Compound Trend model

Mode!l | Variable | Co-efficient Standard T Ratio | P-Value
Error

yhraj t 0.010 0.003 3.041 0.005
Constant 0.844 0.066 12.860 0.000
t 0.013 0.003 4,724 0.000

yhran
Constant 0.720 0.053 13.630 0.000
t 0.008 0.021 3.531 0.001

yhdin
Constant 0.830 0.043 19.270 0.000
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Table 3.18 Cochrane and Orcutt estimates by Quadratic Trend model

Mode | Variable Co- Standard Error | T Ratio | P-Value
1 efficient

. t -0.048 0.019 -2.568 0.015

yhraj 2
t 0.002 0.001 4.178 0.000
Constant 2.737 0.143 19.170 0.000
t 0.004 0.024 0.026 0.984

yhran 2
t 0.001 0.001 1.375 0.179
Constant 2.188 0.147 14.900 0.000
t -0.021 0.019 -1.080 0.289

hdi

SELL 2 0.001 0.001 2171 | 0.038
Constant 2.528 0.145 17.390 0.000

Table 3.19 Rz, adjusted R2, IB and DW values by Cochrane-Orcutt method for

Linear Trend model

Component R Adjusted R JB DW
Statistic | P value
yhraj 0.664 0.6535 2.561 0.277 | 1.7207
yhran 0.6198 0.6079 1.987 0.370 | 1.9577
yhdin 0.4308 0.413 2.073 0.355 1.8666
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Table 3. 20 Val 2, adj
alues of R”, adjusted R?, JB by Cochrane-Orcutt method for
Compound Trend model

Component R Adjusted JB

R2

DW

Statistic P value

yhraj 0.6202 | 0.6083 1.252 0.535 1.7200

yhran 0.5526 | 0.5386 0.197 0.906 1.9780

yhdin 0.4290 | 04112 1.401 0.496 1.8774

Table 3. 21 Values of R?, adjusted R?> , JB by Cochrane-Orcutt method for

Quadratic Trend model
Compone R’ Adjusted JB DW
nt R2

Statistic P value

yhraj 0.7445 0.7281 0.963 0.618 1.8152

yhran 0.6411 0.6180 0.578 0.749 2.0104

yhdin 0.4991 0.4668 1.776 0.411 1.9352

It is clear from Table 3.19-Table 3.21 that the DW statistic values for all the

models is near to 2 indicate that the data now free from autocorrelation problem

and the respective R2 and adjusted R’ values improves than OLS method. The JB
test shows the normality of the data set.

Both deterministic and stochastic measures can be used to evaluate performance of
a forecasting technique. In this study, the MSE and AME are used as a
deterministic measure for the prediction performance of the models. Table 3.1.32
to 3.1.34 show the method wise forecasted HYV Boro rice production of the

districts Rajshahi, Rangpur and Dinajpur. Method-wise Mean Square Error (MSE)



Trend Analysis L 75
and Absolute Mean Error (AME) have estimated to check the forecasting

performance of the selected trend methods. The MSE and AME results for

different trend models are also displayed in the Tables 3.19 —3.21

Table 3.22 Method wise forecasted HYV Boro rice production of Rajshahi

Year of Actual Forecasted | Forecasted by | Forecasted
Production Production by Linear Compound | by Quadratic
(yhraj) Trend Model | Trend Model | Trend Model
2004 3.550 3.260 3.242 3.575
2005 3.640 3.290 3.274 3.675
2006 3.810 3.310 3.306 3.779
2007 3.780 3.340 3.339 3.887
2008 - 3.370 3372 4.000
2009 - 3.400 3.405 4117
2010 - 3.430 3.438 4.238
2011 - 3.460 3.472 4.363
2012 - 3.480 3.506 4.493
2013 - 3.510 3.540 4.627
2014 - 3.540 3.575 4.765
2015 - 3.570 3.610 4.908
2016 - 3.600 3.646 5.055
2017 - 3.630 3.681 5.206
2018 - 3.650 3.718 5.362
2019 - 3.680 3.754 5.522
2020 - 3.710 3.791 5.686
2021 . 3.740 3.828 5.854
MSE 0.054 0.042 0.043
AME 0.210 0.141 0.164
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Table 3.23 Method wise forecasted HYV Boro rice production of Rangpur

Year 9f Actuall Forecasted | Forecasted by | Forecasted
Production Production by Linear Compound | by Quadratic
(vhran) Trend Model | Trend Model | Trend Model
2004 3.340 3.119 3.131 3.275
2005 3.460 3.152 3.170 3.338
2006 3.770 3.184 3.210 3.403
2007 3.910 3.216 3.250 3.470
2008 - 3.248 3.290 3.538
2009 - 3.280 3.331 3.608
2010 - 3.312 3.373 3.680
2011 - 3.344 3415 3.754
2012 - 3.376 3.457 3.830
2013 - 3.409 3.500 3.907
2014 - 3.441 3.544 3.986
2015 - 3.473 3.588 4.067
2016 - 3.505 3.633 4.150
2017 - 3.537 3.678 4.235
2018 - 3.569 3.724 4.321
2019 - 3.601 3.770 4410
2020 - 3.633 3.817 4.500
2021 i 3.666 3.865 4.592
MSE 0.071 0.070 0.095
AME 0.189 0.189 0.271
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Table 3.24 Method wise forecasted HYV Boro rice production of Dinajpur

Year of
Production Pr;:(‘i:lil;?ilon i(;ﬁit:? F(gslcna;zii 2)’ bl):zo(r;uc;jrt:gc
yhdin) Trend Model | Trend Model | Trend Model
2004 3.39 2.965 2.963 3.156
2005 3.52 2.985 2.985 3.215
2006 3.75 3.005 3.008 3.276
2007 3.81 3.025 3.031 3.339
2008 - 3.044 3.054 3.405
2009 - 3.064 3.077 3.473
2010 - 3.084 3.100 3.543
2011 - 3.104 3.123 3.616
2012 - 3.124 3.147 3.691
2013 - 3.144 3.171 3.768
2014 - 3.164 3.195 3.848
2015 - 3.184 3.219 3.930
2016 - 3.204 3.243 4.014
2017 - 3.224 3.268 4.100
2018 - 3.244 3.293 4.189
2019 - 3.264 3.318 4.280
2020 - 3.284 3.343 4373
2021 - 3.304 3.368 4.469
"MSE 0.056 0.053 0.051
AME 0.184 0.183 0.184

We see from Table 3.22 that the MSE’s are 0.054, 0.042 and 0.043 respectively

for Linear, Compound and Quadratic Trend models and the AME’s are 0.210,

0.141 and 0.164. Hence the Compound Trend model possesses the lowest MSE



Trend Analysis 2 78

AME HYV ;
and values for Boro rice production of Rajshahi district. Quadratic
Trend model possesses next lowest MSE and AME values while Linear Trend

model possesses the highest MSE and AME values among the three methods for
the data of Rajshahi district.

In Table 3.23, the MSE’s are 0.071, 0.070 and 0.095 respectively for Linear,
Compound and Quadratic Trend models and the AME’s are 0.189, 0.189 and
0.271. Here also the Compound Trend model possesses the lowest MSE and AME
values for HYV Boro rice production of Rajshahi district but the Linear Trend

model possesses the highest MSE and AME values among the three methods for
the data of Rajshahi district.

For the HYV Boro production of Dinajpur, the MSE’s are 0.056, 0.053 and 0.051
respectively for Linear, Compound and Quadratic Trend models and the AME’s
are 0.184, 0.183 and 0.184. Therefore Quadratic Trend model has minimum MSE
value than Linear and Compound Trend model but considering the AME’s the
Compound Trend have the lowest forecasting error for Dinajpur district. The other
two methods show the same AME values for this district. The growth rate for

compound trend model is 1.009 for Rajshahi, is 1.0124 for Rangpur and is 1.0075

for Dinapur.



Chapter Four
Factor Analysis

4.1 Introduction

The Model for Factor Analysis, Factor Loading Estimation, Eigen values, Scree
Plot, Kaiser-Meyer-Olkin Statistics and Bartlett's Test of Sphericity and

corresponding results with discussion are discussed in this chapter.
4.2 The Model for Factor Analysis
The common factor analytic model assumes that a variable consists of common
and unique parts. Let us suppose the factor model as,
X=AF+U 4.1)
where X =[X,, X, e X,1, S [ A — ) Us=l[e;syses8,T

X is the data vector, F is the vector of common factor and U is the unique factor

Ay Ay e Ay |
and A= IR I (pxq) matrix of factor loadings, where
4 g =2 A

/‘L,j's(z'=1,2, ..... ,p; j=12,....,q)are unknown.

It is assumed that e, €z .......ceeee ,ep are mutually independent and they are also

independent of the elements in F. That iscov(U,F") =0. Also, it is assumed that
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, E[F]=o0,V (F)=1

On the basis of the assumptions of the model (4.1), we have

D =AM +y (4.2)
g 1
b 1
However, if cov[F]=|¢,, ¢, 1 =¢, we have
L_¢ql ¢q2 1
Y =AgN +y (4.3)

Here, > is the variance-covariance matrix of X. From the factor model (4.1), we

can write
q
X, = A f;+e, i=L2sp (4.4)
Jj=l1

The equation (4.1) represents the factor-pattern. Thus the factors can be estimated
from the observable random variables. The estimators of factors are the linear
combinations of observable random variables, where the general form of the j-th

factor is

p
f =S = K W K et WX, (4.5)
i=1

4.3 Estimation of Factor Loadings

We can write from model (4.5),
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V(Xz)=V[ixijfj} +V (e)
=
ol = Zq:lz + i '
TP V; . since V (fj) =1 and cov (fj; fi')=0
i . 1
cov (Xj; Xj')= cov [Zlijf]+ej,zq:1i'jf]+ei’]
= =

sli' = 3 Nijhj
j=i

SVX) =Y
r 2
Z)\"lj Z)"lj);'zj ZKUKSJ' Z)“U?\'Pj v, 0 0 0 O
_ Dy XAy Xy Doy LY ¥ 000
Yy DAy e e 2y 000 .. v,
= D AN +y (4.6)
q
Here the diagonal elements of AA'are o7 =y, =D Aj =hi,i=12,n. ,p-
1

I

q
Here h? =) \jis called communality. From model (4.5) it is clear that the
1 -

variable Xi has two uncorrelated parts, one part is a function of common factors,

ie., h’ =ixijfj.that is part of Xi which is common to other (p-1) variables.

=

Another part of X; is e; and this part of X; is unique. Also, we have seen ¥ (X)) =

V(ZA,f) + V (e)
Here V(2A;f) is the common variance and V{(e;) is the unique variance of X;. Here

the common variance of X; is called the communality of the variable. Therefore,
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the communality of .X; is the portion of total variance of X; which is accounted for

by the common factors. The unique variance of X; is y; and it is called the

uniqueness of the variable. This Y; reflects that portion of variance of .X; which is

not accounted for by the common factors.

The total variance of X is Tr 3. From model (4.6), we have
P4 3 p .
Tr 3= ZZKU + .Z;"” 4.7)
1] =

Therefore, the total communality is V = i h?

i=1

The contribution of factor f; to the total variance of X is, say Vj, where

P q
Vi=> A :v:_zl:vj (4.8)
=

i=1
Therefore, the portion of variance of al variables which is accounted for by fj is
V/V;.

Again, we have
q
cov [X;, fj= E \:injfi’fi} E(X;)=0and E(f;)=0
j=1

= A

= cov (X,F)=A 4.9)
Thus the 4 matrix is the matrix of covariances of i-th variables and j-th factor. If
X7s are standardized, 2 matrix is transform to correlation matrix. In that case Aij

is the correlation coefficient of i-th variables with j-th factor. Therefore, the
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estimation of factor loadings is nothing but the estimation of correlation

coefficient of i-th variables with j-th factor.

The elements in 4 matrix are to be estimated under the condition that
q
2 2
: ; 24y, (4.10)

The normal equation to estimate A is
Z=AA"+ y

In the parameter matrix /A there are pq unknown elements. In the left-hand side of

: 1
the equation, there are 3 p(p+1) different variances and covariances and hence

1 L
there are 2 p(p+1) equations in (4.6). But to estimate the parameters the equations

must be identifiable. The equations are identifiable if the number of parameters is

1
less than the number of equations. Therefore, pg+p should be less than 5 ppt+l),

or g < é‘ p(p+1). This means that g should be less than p. However, the smaller

value of ¢ does not imply that the solution of the equations will be available.
Lawley (1940, 1942, 1943) proposed to estimate A by ML method. In that case,
we have assume that there is a data vector of N = n + I sample observations which

are drawn from Np(12), where rank (5) = p. The sample varinace-covariance

matrix of data vector is S, where S has Wishart distribution. The density function

of S is

2

F(S)= KlSll(n—p—n |Z|—% exp(—%nTr ¥7'S) 4.11)
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Here K is that part of F (S) which is free of S. Now, the log of likelihood function

os sample variance-covariances is
i
L(A,y) = InK +~(n —p— - o a5
(A W) 2(11 p—1)in|s| 21n]w+A/\|——2—Tr[\u+AA] 'S

To estimate the p(q+1) unknown parameters in A and  the normal equations are

AL(A(Y) AL(A(Y)
A —Qand ———F =
oyl e v 0

We have, OL(Afy) _n 1 5lw+/1/1
owi 2 |W+AA'| o

|+5’-Tr[w+AA']-' N s AL
2 Oyi

= 2(1//+AA|IW+AA.”+ Trly + 44| S]W+AA[

u a"” (4.12)

Here dy/dyi is a diagonal matrix of order (pxp) with 1 in the diagonal position
and zero in the off-diagonal position. Again, [y+AATii is the cofactor of the i-¢

diagonal element of [y+AA47.
OL(Afy) _
Oyi

Now, putting ———= 0, we get

diag [{y+AA'} ' (I-S[y+AAT]= 0
or, diag (i” ) = diag (i" s3 ) (4.13)
Here ‘Z, =+ AA' is the sample variance-covariance matrix. But i is not the ML

estimator of .. Again,

oL(A(y) __n_ 1 ii|\p+AA|gh——+ —Tr[y +AAT’ Z[\V+AA’]“

a)\.l.] 2 Y + AA’ g=1 h=l ij
(4.14)
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The first quantity of the right hand of (4.13) is — %Trz—l [N —

1

0
T U N N
9T [0 .. 0 A-Lj O .. 0
Oy MG . M—L,j 20M M+Lj .. Apj
0 .. 0 A+Lj O .. 0
0 .. 0 0 . o]

The above matrix is a symmetric matrix with zeros in places except i-th row and j-

th column. Let the (i,j)-th element of ¥.' be o. Then

L3y . . ) . |
ey, l?afzcl Ay +0% kg ot 200 ot 6P+t Oy
ij

- 1i i
= 206", +..+0"4,)
= 251Tj
where &' is the i-th row of X' and T; is the j-th column of A. Therefore, the first

term of the derivative shown in (4.14) can be written as -n TTA

The second term can be written as

102

n 402w N .
Ny O2gag Mpyyqfs
ST g ST

For simplicity, let us write YISy '=2Z=(Z,)

Then TrZiz—: =277
where Z' is the i-th row of Z. Therefore, the second term of the derivative shown

in (4.14) can be written as 74. The equations obtained from derivative (4.14) are

to be satisfied by the estimates obtained from.
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(i" S Si")/] )

or, S274=4 (4.15)
The estimates of factor loadings will be available by solving the set of equations
given in (4.13) and in (4.15). Per- and post-multiplying both sides of (4.15) by the
diagonal matrix ¥ = S+, we get
diagl§-2AR + AR 571 AX)= diag[s -5 £ AL~ AR S s+ AR S AR)
Putting the value of (4.15), we get

diag (Z) = diag (S) (4.16)
The equation (4.15) can be written as

SYAQ+AG A=A (4.17)
or Sy A=AI+Ay7A) (4.18)
This is true, since

G+ AAY' A = §TAA+AGT) (4.19)
From equation (4.19) we have A Let the value of A be f&o. Now, assuming A 0
known, we have from JL (4, w)/Oyi

diag (R,A, +§—S)=0or, §=diag (S- AyAo) (4.20)
However, the solution of equation (4.20) is not easy and it is available by iterative
process [Lawley and Maxweil (1971), Joreskog and Lawley (1968)]. Rao (1955)
and Maxwell (1964) have discussed a numerical solution to obtain y.

To obtain the numerical solution, pre-multiplying both sides of equaion (5.3.10)

by w'l and rearranging, we get
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[ (s~ 9i7Al| o

_ waan - )
where J= AYTA and for unique solution of A , the J matrix must be diagonal.

Under this condition, the fir isti PNy
st q characteristics of (S - @) and (S - )

are equal to the successive elements of J, and the i-th column of "/2A is the

characteristic vector corresponding to the i-th largest root of /(S —)y ~/*. As

the values of 7 are unknown, the values of this vector are not easily available. The

values of i are obtained from y = diag (A=AA). At this stage, it needs to
assume a value of i and on the basis of this assumed value the value of

eigenvector and A are to be obtained.

At the initial step of iterative process, let us consider a one-factor model and for
this one-factor model let us take the eignevector as the initial vector, where the
eigenvector corresponds to the largest eigenvalue of S of one-factor model. The
values of this eigenvector are so scaled that their sum of squares equals to
eigenvalue. The iterative process will follows:

1. Find the eigenvalues of S. Let tio be the greatest eigenvalue and its

; ; . ; "
corresponding eigenvector 18 a;o. The eigenvector is scaled so that @210 = Lio.

2. Putting the value of aj0, ¥y = (S-ajpdl,) is obtained. Now, using the value of

w!,, amatrix """ (S-¥i) w!; " is formed. Consider that the largest eigenvalue
1

of this newly formed matrix is 1y

. ! -
3. The eigenvector to 1y is SO scaled that the scale vector provides g, a,; = Lio-
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4. The vector a;; 18 pre-multiplied by 12
10

- This will give approximately the values
of single column matrix A, . Let this column be A
1=

5. Using A, we can get ,, =diag(S—1, i )

Let the eigenvector corresponding to the largest eigenvalue of W, is ap. The
11 12-

!
values of ay, are scaled so thata),a), = I,,, where 1, is the largest eigenvalue of

7, The eigenvector aj; is pre-multiplied by 4’2, The product will give the

second approximate value of 4,,. The process is continued until the successive

A A

iterates A, and A,,, do not differ by more than some pre-determined amount.

The column vector so obtained is the ML estimates of loadings of one-factor

model.

The factor loading thus obtained will not be sufficiently close to those obtained by

principal component analysis, especially if it used for q factors model. For factors
model the residual matrix is to be found out after estimating A, — at tis state, let

the eigenvector corresponding to largest eigenvalue of S; be ay, where ay is such

that a,,a = ly Here Iy is the largest eigenvalue of $;. Let us form a (px2) matrix

with A] and a,( such that

AZG [;11 ’ aZO ]

From f\zo let us find

1

2 # A - A A 112
q’zo =diag(S _AzoAlzo) and ‘I-'zo"2 (S"Wzo)“’m
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—— . :
This latter matrix is symmetric. Let us fing the largest two eigenvalues and thei
CIr

corresponding eigenvectors of tis latter matrix and scale those two ej t
genvectors.
Arrange these two scaled vectors into a (Px2) matrix are not same, To obtain the

factor loading A, for two-factor model pre-multiply [ay;, ay] by -2, This
b 20 .

process of iteration is continued until all elements of iterates A, have converged
2]
with specified accuracy to the two-factor solution A
2

The process is applied in solving the g-factor likelihood equaions. The g-th trial

vector is found from the eigenvectorof the largest eigenvalue of

It has already been mentioned that, the value of A can be estimated from

> =AA'+y. In this equation there are pq + p parameters in A and y. The

parameters in 2, are %p(p-a‘-l). The number of equations are not equal to the

number of parameters. Therefore, to solve the equation, we need some restrictions.

Let the restriction be A’y ™A or A'D”'A diagonal, where D = diag (cf,og,...,cf)).

Under this restriction %q(q—l) parameters in the factor model become ero. Now,

let us find out the difference between the parameters in ¥, and in the factor model.

This difference is
1 Laq-13}
5= —z—p(p+l)ﬂ{pq+P—5q(q

1 (4.22)

21
=5(P—Q) Z(P"“Q)
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<0, the uni i '
If s que solution of the €quations is not available. This is arisen if the

factor model is not well defined. The value s = 0, implies that the exact solutions

of A and vy are available. The approximate solutions are available if s > 0.

One of the important properties of ML, estimators of the parameters in a factor

model is that, the estimator of variance of i-¢ variable is

q
8 =D Al +{?

=1
Eigenvalues

The eigenvalue for a given factor reflects the variance in all the variables, which is
accounted for by that factor. A factor's eigenvalue may be computed as the sum of
its squared factor loadings for all the variables. The ratio of eigenvalues is the ratio
of explanatory importance of the factors with respect to the variables. If a factor
has a low eigenvalue, then it is contributing little to the explanation of variances in
the variables and may be ignored. Eigenvalues is also called characteristic roots.
The eigenvalue for a given factor reflects the variance in all the variables, which
shows variance explained by that particular factor out of the total variance. A
factor's eigenvalue may be computed as the sum of its squared factor loadings for
all the variables. From the commonality column, we can know how much

variance is explained by the first factor out of the total variance. For example, if

our first factor explains 68% variance out of the total, this means that 32%

variance will be explained by the other factor.
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4.4 Statistical Test used in Factor analysis

Factor analysis involves generating one or more unobserved independent variables
that correlate with the observed measures. Commonly used in survey research and
other applications, factor analysis can be considered a data reduction technique
because it reduces a large number of variables that often overlap to a smaller
number of factors. As a first step of factor analysis it is need to measure the
sampling adequacy by Kaiser-Meyer-Olkin (KMO) test and Bartlett's Test of
Sphericity
Kaiser-Meyer-Olkin (KMO) Test
The Kaiser-Meyer-Olkin Measure of Sampling Adequacy is a statistic which
indicates the proportion of variance in the variables which is common variance,
i.e. which might be caused by underlying factors. It is defined as:

N L

i1 N © 3 T T— ,P) (4.23)

O s Sryya

where r;; 1s the ‘Correlation’coefficient of i-th and j-th variable and aj is the partial

correlation coefficient of those variables. Generally it used to test the null

hypothesis, Hy: there is no significant contribution of the study variables to the

factors.

High values generally (close to 1.0) indicate that a factor analysis may be useful

for the data. The Interpretation of the KMO as characterized by Kaiser, Meyer,

and Olkin is given below in Table 4.1.
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Table 4.1 Interpretation of the KMO ag characterized

—_—

Frae
KMO Value Degree of Common Variance
0.90 to 1.00 Marvelous
0.80 to 0.89 Meritorious
0.70 t0 0.79 Middling
0.60 to 0.69 Mediocre
0.50 to 0.59 Miserable
0.00 to 0.49 Don't Factor

Bartlett's Test of Sphericity

Bartlett's test of sphericity indicates whether the correlation matrix is an identity
matrix, which would indicate that all the variables are uncorrelated; each variable
correlates perfectly with itself (r = 1) but has no correlation with the other
variables (r = 0). The p value of the Bartlett's test of sphericity indicates
relationship among the study variables. Bartlett’s test is used to test the null
hypothesis that the variables are uncorrelated in the population (Hair et a/, 1998).

i.e. Hy: there is no significant relationship among the study variables to the factors.

The Bartlett's test statistic is defined as:
1 2 1
22 = —[(n - 1)——6—[2p+1+;J:| [ln|S| +p ln(;}le] (4.24)

where, p = number of variables,
K =number of components,

; = jth eigenvalue of S

(p-1p=2)

df = >
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Scree Plot

The Scree Plot is a i ;
technique of graphical Tepresentation of eigen values against

all the factors. In factor analysis is often applied for the purposes of data reduction

or structure detection or simplification. It is most commonly used method for

determining how many factors to retain. The number of factors is taken as the

factor number that appears just before the “elbow” in the plot. So it is a way to

determine the appropriate number of factors to extract in the final solution.

4.5 Results of Factor Analysis

Three northern districts like Rajshahi, Rangpur and Dinajpur have been selected of
the present study. The production of HYV Boro rice of these districts may depend
on some variables climatic and non climatic variables. The climatic variables
rainfall (r), temperature (t), wind speed (w), humidity (h) and cloud coverage (cc).
Although these variables have been consider for three stages like vegetative,
growing /milk and reproductive (1 for vegetative stage, 2 for growing /milk stage
and 3 for reproductive stage) the climatic variable Co2 emission (co) and other
two variables, fertilizer use (fu) and tractor use (tu) have been once for the whole
production time of the HYV Boro rice. The results are presented in this section.

The KMO, a measure of sampling adequacy, is an index for comparing the
magnitudes of the observed correlation coefficients to the magnitudes of the

partial correlation coefficients. A large KMO measure indicates that the factor

analysis of the variables is good and meaningful, since correlations between pairs

of variables can be explained by the other variables (See Norussis, 1985). The
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lues of KMO : i
- and Bartlett's Test of Sphericity for three selected districts are

presented in Table 4.2-Table 4 4.

Table 4.2 KMO and Bartlett's Test Statistics value for Rajshahi

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.615
Bartlett's Test of Sphericity Approx. Chi-Square | 653.069
df 153
Sig. 0.000
Table 4.3 KMO and Bartlett's Test Statistics value for Rangpur
Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.612
Bartlett's Test of Sphericity Approx. Chi-Square | 592.105
df 153
Sig. .000

Table 4.4 KMO and Bartlett's Test Statistics value for Dinajpur

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.597

Bartlett's Test of Sphericity 510.987 574.987
153 153
.000 .000

Table 4.2 shows that the KMO statistic for sampling adequacy measure for
Rajshahi is 0.615. This value indicates that the data used in this test is suitable for
factor analysis. From Table 4.3 and Table 4.4, the KMO statistic for sampling
adequacy measure of Rangpur and Dinajpur are 0.612 and 0.597 respectively. A
from the KMO measure of sampling adequacy indicates

value of 0.60 or above

that the data are adequate for the purposes of exploratory factor analysis
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(Tabac_hmck and Fidell 2001). Therefore the KMO measures of our selected
cte

districts are in acceptable level for factor analysis

The Bartlett'

s test of spherically is used to test the hypothesis that the correlation

malrix is an identity matrix. That is, all diagonal terms are unity and all off

diagonal terms are zero. The Bartlett's test of sphericity for Rajsahi obtained this

value as 653.069. This value is significant at 1% level of significance. The

Bartlett's test of Sphericity values for Rangpur and Dinajpur are 592.105 and
574.987 respectively. These values are also significant at 1% level of significance.
Therefore, it is unlikely that the population correlation matrix is an identity. If the
hypothesis that the population correlation matrix is an identity cannot be rejected
because the observed significance level is large, so according to Norussis 1985 we
may use of the factor model. The value of KMO obtained by this test
characterized by Norussis as "mediocre" and the highly significant level of the test
of sphericity, are both very comfortable indications that the given set of data of the
three selected districts are adequate for factor analysis.

The Scree test is use to determine the number of common factors necessary to
represent the data. The Scree test advocated by Cattell (in Kim, 1978, p. 44),
directs one to examine the graph of eigenvalues, and stop factoring at a point

where the eigenvalues begin to level off forming a straight line with an almost

horizontal slope. According to Kim, 1978, this method is often superior to other

tests where the interest is in locating only the major common factors.

The Scree plot for determining the factors influencing the HYV Boro production

of the selected districts are presented in Fig 4.1- Fig 4.3. The Scree plot justifies
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the five factors as a influential to the HYV Boro production for each districts

separately.

Scree Plot
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Fig 4.1 Scree Plot for Rajshahi
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Fig 4.2 Scree Plot for Rangpur
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Scree Plot
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Fig 4.3 Scree Plot for Dinajpur

Factor wise eigenvalues, percentages of variance accounted for the factors and

cumulative percentages of variance explained by the factors selected for the

district Rajshahi are reported in the Table 4.5.

Table 4.5 Factor wise explained variation for Rajshahi

HYV Boro Eigenvalue Percent of Cumulative
production Variance Percent of
influencing Factors Accounted for Variance
1 5.659 31.440 31.440
2 3.707 20.593 52.033
3 2.331 12.952 64.986
4 1.833 10.185 75.171
5 1.288 7.156 82.327
et
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Table 4.5 shows that the five factors account for 82.33% of the total variance, with

Factor I accounting for 31.44%, Factor II, 20.59%, Factor II[. 12 95%, Factor IV

189
10.18% and Factor V 7.16%. These five factors are more than adequate to

represent the data considering the convention that at least 75% (two third percents)

of the total variance is needed to capture information for the production of HYV

Boro rice of Rajshahi district.

Table 4.6 Item Statements of Factors with Rotated Factor Loadings for Rajshahi

Number | Variable Name Factor Loading
1 Temperature in vegetative stage 0.240
2 Temperature in growing stage 0.249
3 Tractor use 0.649
4 Cloud Coverage in growing Stage 0.649
5 Temperature in Reproductive Stage 0.649
6 Cloud Coverage vegetative stage 0.745
7 Humidity in vegetative Stage 0.767
8 Humidity in Reproductive Stage 0.770
9 Humidity in growing Stage ' 0.785
10 Cloud Coverage in Reproductive Stage 0.807
11 Rainfall in vegetative Stage 0.822
12 Wind Speed in Reproductive Stage 0.886
13 Rainfall in growing Stage 0.896
14 Wind Speed in growing stage 0.902
15 Rainfall in Reproductive Stage 0.921
16 Fertilizer use 0.935
17 Carbon dioxide Emission 0.935
18 Wind Speed in vegetative stage 0.944
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Table 4.7 Selected Factors with Rotated Factor Loadin

Factors | Variable Name g or Raj S}-lahi
— Factor Loading
1 Fertilizer use 0.935
Carbon dioxide Emission 0.935
2 Rainfall in Reproductive Stage 0.921
Cloud Coverage in Reproductive Stage 0.807
Humidity in Reproductive Stage 0.770
3 Wind Speed in growing stage 0.902
Wind Speed in vegetative stage 0.944
Wind Speed in Reproductive Stage 0.886
4 Rainfall in growing Stage 0.896
Humidity in growing Stage 0.785
3 Rainfall in vegetative Stage 0.822
Humidity in vegetative Stage 0.767

Five influential factors for the HYV Boro rice production of Rajshahi district are
selected and reported in Table 4.5. Item statements of factors with rotated factor
loadings for Rajshahi are presented in Table 4.6. Selected factors with rotated
factor loadings are given in Table 4.7. Therefore the first factor accounts for the
largest proportion, 31.44% of the total variance. This factor includes two variables
like Fertilizer Use and Carbon Dioxide Emission with same factor loading of

0.935. Factor 2 accounts for 20.59%, the second largest proportion of the total

variance consisting of the three variables like, Rainfall in Reproductive Stage,

Cloud Coverage in Reproductive Stage and Humidity in Reproductive Stage with

factor loadings 0.902, 0.807 and 0.770 respectively. The third factor accounts for
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5% of ] .
o of the total variance consisting of three variables of Wind Speed at three

12.9

stages of the HY'V Boro production. The factor loadings of Wind Speeds are 0.944
for Vegetative Stage, 0.902 for Growing Stage and 0.886 for Reproductive Stage.
Factor 4 accounts for the next 10.19% variation of the total variance, consisting of
two variables, Rainfall in Growing Stage and Humidity in Growing Stage with
factor loadings 0.896 and 0.785 respectively. Factor 5 is the last factor accounts
for 7.16% of the total variation consisting of two variables, Rainfall in Vegetative
Stage and Humidity in Vegetative Stage of factor loadings 0.822 and 0.767
respectively.

Factor wise eigenvalues, percentages of variance accounted for the factors and
cumulative percentages of variance explained by the factors selected for the
district Rangpur are reported in the Table 4.8.

Table 4.8 Factor wise explained variation for Rangpur

HYV Boro Eigenvalue Percent of Cumulative
production Variance Percent of
influencing Factors Accounted for Variance
1 4.419261 24.55145 24.55145
2 3.644948 20.24971 44.80116
3 2.404627 13.35904 58.1602
4 2.032834 11.29352 69.45372
5 1.126867 6.26037 75.71409

Table 4.8 shows that the five factors account for 75.71% of the total variance, with

Factor I accounting for 24.80%, Factor 11, 20.25%, Factor III, 13.36%, Factor IV,

11.29% and Factor V 6.26%. These five factors are more than adequate to
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(two third percents)

of the total variance is needed to capture information for the production of HYV

Boro rice of Rangpur district.

Table 4.9 Item Statements of Factors with Rotated Factor Loadings for Rangpur

Number | Variable Name Factor Loading
1 Temperature in growing stage 0.249
2 Tractor use 0.649
3 Cloud Coverage in growing Stage 0.649
4 Temperature in Reproductive Stage 0.649
5 Cloud Coverage vegetative stage 0.745
6 Humidity in vegetative Stage 0.767
7 Humidity in growing Stage 0.785
8 Cloud Coverage in Reproductive Stage 0.807
9 Humidity in Reproductive Stage 0.81
10 Rainfall in vegetative Stage 0.822
11 Wind Speed in Reproductive Stage 0.886
12 Rainfall in growing Stage 0.896
13 Wind Speed in growing stage 0.902
14 Temperature in vegetative stage 0912
15 Rainfall in Reproductive Stage 0.921
16 Fertilizer use 0.935
17 Carbon dioxide Emission 0.935
18 Wind Speed in vegetative stage 0.944
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Table 4.10 Selected Factors with Rotated Factor Loading for Rangpur

Factors | Variable Name Factor Loading
1 Humidity in growing Stage 0.785
Humidity in Reproductive Stage 0.810
Rainfall in growing Stage 0.896
2 Temperature in Reproductive Stage 0.649
Temperature in vegetative stage 0.912
3 Wind Speed in Reproductive Stage 0.886
Wind Speed in growing stage 0.902
4 Fertilizer use 0.935
Carbon dioxide Emission 0.935
5 Cloud Coverage vegetative stage 0.745

Five influential factors for the HYV Boro rice production of Rangpur district are
selected and reported in Table 4.8. Item statements of factors with rotated factor
loadings for Rangpur are presented in Table 4.9. Selected factors with their rotated

factor loadings are given in Table 4.10. It shows that Factor 1 accounts for the

largest proportion, 24.55% of the total variance. This factor includes three

variables like Humidity in growing Stage, Humidity in Reproductive Stage and

Rainfall in growing Stage with factor loadings of 0.785, 0.810 and 0.896

respectively. Factor 2 accounts for 20.25%, the second largest proportion of the

total variance consisting of the two variables like, Temperature in Reproductive
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Stage and Temperature in Vegetative Stage with factor loadings 0.649 and 0.9
049 and 0.912

respectlvely: The third factor accounts for 13.36% of the total variance consisting
of two variables of Wind Speed in Reproductive Stage and Wind Speed in
growing stage of the HYV Boro production. The factor loadings of Wind Speeds
are 0.886 and 0.902. Factor 4 accounts for the next 11.29% variation of the total
variance, consisting of two variables, Fertilizer use and Carbon dioxide Emission
with same factor loadings 0.935. The last factor (Factor 5) accounts for 6.26% of
the total variation consists of only one variable, Cloud Coverage Vegetative Stage

with loading 0.745.

Factor wise eigenvalues, percentages of variance accounted for the factors and
cumulative percentages of variance explained by the factors selected for the
district Dinajpur are reported in the Table 4.11.

Table 4.11 Factor wise explained variation for Dinajpur

HYV Boro Eigenvalue Percent of Cumulative
production Variance Percent of
influencing Factors Accounted for Variance
1 5.588 31.044 31.044
2 2.686 14.922 45.966
3 1.965 10.916 56.881
i |
4 1.470 8.167 65.048
I
5 1.173 6.519 71.567

Table 4.11 shows that the five factors account for 71.57% of the total variance,

with Factor I accounting for 31 .04%, Factor II, 14.92%, Factor 111, 10.92%, Factor

tors are more than adequate to

IV, 8.17% and Factor V 6.52%. These five fac
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represent the data considering the convention that more than 70% f th 1
o of the tota

variance is needed to capture information for the production of HYV B ice of
oro rice o

Rangpur district.

Table 4.12 Item Statements of Factors with Rotated Factor Loadings for Dinajpur

Number | Variable Name Factor Loading
1 Temperature in growing stage 0.691
2 Tractor use 0.433
3 Cloud Coverage in growing Stage 0.703
4 Temperature in Reproductive Stage 0.457
5 Cloud Coverage vegetative stage 0.595
6 Humidity in vegetative Stage 0.911
7 Humidity in growing Stage 0.674
8 Cloud Coverage in Reproductive Stage 0.459
9 Humidity in Reproductive Stage 0.662
10 Rainfall in vegetative Stage 0.721
11 Wind Speed in Reproductive Stage 0.657
12 Rainfall in growing Stage 0.637
13 Wind Speed in growing stage 0.538
14 Temperature in vegetative stage 0.456
15 Rainfall in Reproductive Stage 0.844
16 Fertilizer use 0.805
17 Carbon dioxide Emission 0.807
18 Wind Speed in vegetative stage 0.592
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Table 4.13 Selected Factors with Rotated Factor Loading for Dinajpur

Factors | Variable Name Factor Loading
1 Humidity in Vegetative Stage 0.911
Carbon dioxide Emission 0.807
Fertilizer use 0.805
2 Cloud Coverage in Growing Stage 0.703
Rainfall in Vegetative Stage 0.721
Rainfall in Growing Stage 0.637
4 Wind Speed in Reproductive Stage 0.657
Temperature in Growing Stage 0.691

Five influential factors for the HYV Boro rice production of Dinajpur district are
selected and reported in Table 4.11. Item statements of factors with rotated factor
loadings for Dinajpur are presented in Table 4.12. Selected factors with rotated

factor loadings are given in Table 4.13. It shows that Factor 1 accounts for the

largest proportion, 31.04% of the total variance. This factor includes three

variables like Humidity in Vegetative Stage, Fertilizer Use and Carbon Dioxide

Emission with factor loadings 0.911, 0.805 and 0.807 respectively. Factor 2

accounts for 14.92%, the second largest proportion of the total variance consisting

of only one variable Cloud Coverage in Growing Stage with factor loadings 0.702.

The third factor accounts for 10.92% of the total variance consisting of two

variables of Rainfall in Vegetative Stage and Rainfall in Growing Stage. The

gs are 0.721 and 0.637 respectively. Factor 4 accounts for the next

factor loadin
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8.17% variation of the total variance,

consisting only one variable, Wind Speed in

Reproductive Stage with factor loading 0.657. Factor 5 is the last factor accounts

for 6.52% of the total variation consisting of the variable Temperature in Growing

Stage with its loading 0.691.



R ‘ Chapter Five
esult Discussion and Conclusion
\

5.1 Introduction

The findings of the present study and concluding remarks are upholded in this
chapter.

5.2 Discussion of Results

The production of HYV Boro rice may differ due to impact of some climatic and
non climatic factors throughout the production period. The climatic factors may be
rainfall (#), temperature (£), wind speed (w), humidity (h), cloud coverage (cc) and
Co2 emission (co). The no climatic factors may be fertilizer use (fi), technological
changes etc. In the present study we are interested to find future production
through appropriate trend model for three selected districts like Rajshahi, Rangpur
and Dinajpur. Also we ar¢ interested to extract the factors that are influential to the

HYV Boro rice production of these districts. The detailed results of this study are

discussed in this section.

5.2.1 Results of Trend Analysis

The descriptive statistics of the production of HYV Boro rice for the period 1971

t0 2007 of the selected districts, Rajshahi, Rangpur and Dinajpur are reported in

Table 3.1. The result from this table shows that the maximum production of HYV
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Boro is 3.81 metric tone per hector inj
and the minimy i
m production is 2.05 i
.05 metric

minimum productions of these districts are 1.68 and 2.03 metric tones per hect
' clor

respectively. The average productions are 2.8483 m.ton/hector, 2.6746

m.ton/hector and 2.7150 m.ton/hector respectively for Rajshahi, Rangpur and

Dinajpur. The standard deviations are 0.46551, 0.51369 and 0.41970 and the

cocfficients of variations are 16.34%, 19.20% and 15.45% respectively for

Rajshahi, Rangpur and Dinajpur. Hence the production of HYV Boro rice for
Rangpur shows the maximum variation and Dinajpur shows the minimum
variation. The skewness of the production of HYV Boro rice for Rajshahi,
Rangpur and Dinajpur are 0.342, 0.285 and 0.917 and the kurtosis values for are
2327, 3.256 and 3.859 respectively. Therefore, the data are positively skewed.
The distributions of HYV Boro production for Rajshahi and Rangpur are

platykurtic but the distribution of Dinajpur leptokurtic.

After examining the TS plot (Fig. 3.1 - 3.3) Mann-Kendall Test and Spearman
Tests have been done to check the validity of the trend of the study variables.

Table 3.1 shows that all the values of f, statistics fall outside of the 95%

confidence interval and all the value of #s statistics of Table 3.2 fall outsides of

95% confidence interval. Hence we may reject the null hypothesis (Ho : There is

no trend in the data set ) for both Mann-Kendall Test and Spearman Tests.

Therefore. there exists trend among the data sets for the selected districts of this

study.
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We have used the Akaike's information crite

rion to choosing the lag length of the
variables are given in Table 3.4 to Table 3.5. The test valyes (z, ) for with
» ) Tor with trend

and without trend are reported in the Tabje 3.6 and Table 3.7

The DF Unit Root statistics with associated 10% critical values are reported in
Table 3.8. The test statistic value for variable yhraj falls in the rejection region
but the test statistic value for yhdin and yhran fall in the acceptance region hence
we may accept our null hypothesis for yhdin and yhran. The ADF test rejects the
null hypothesis for all the variables yhraj, yhran and yhdin. Therefore, the data of

each of the series are stationary. Table 3.9 indicates that all the variables are

stationary in level.

District-wise OLS estimate of parameters, standard error of estimates, T-Ratio and
corresponding p-value of the estimates for linear, compound and quadratic trend
models are shown in Table 3.10 to Table 3.12. Examining Table 3.10 we can say
that the estimates of parameter for Linear trend models for Rajshahi, Rangpur and
Dinajpur are positive and significant at 1% level of significance. So the
productions of these districts are influenced by linear time. Table 3.11 shows that

the estimates of parameter for Compound trend models for Rajshahi, Rangpur and

Dinajpur are positive and significant at 1% level of significance. So the

compound time trend is present for the productions of these districts. Table 3.12

shows that the estimates of parameter for Compound frend models for Rajshahi,

Rangpur and Dinajpur are positive and significant at 1% level of significance.
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Various diagnostic tools like, coeffic;
! lent of determinatio :
n (R?), adjusted

coefficient of determination (adjusted R?), Jarque-Bera statistic (JB) and D
o and Durbin-
Watson statistic (DW) have been used in OLS method for Linear Trend mode]
end model,

Compound Trend model and Quadratic Trend model for the selected districts ar
e

reported in the Table 3.13-Table 3.15.

In Table 3.13, the R* values are 0.486, 0.588, 0.383 and adjustéd R* are 0.469,
0.576, 0.364 respectively for yhraj, yhran and yhdin by OLS for Linear Trend
model. Therefore about 46.9% of total variation for yhraj, about 57.6% of total
variation for yhran and about 36.4% of total variation for yhdin are explained by
Linear Trend model. The DW values of all models for yhraj are less than 2

indicate that the data are affected by autocorrelation.

In Table 3.14, the R? values are 0.450, 0.524, 0.383 and adjusted R? are 0.433,
0.509, 0.364 respectively for yhraj, yhran and yhdin by OLS for Compound Trend
model. Therefore about 43.3% of total variation for yhraj, about 50.9% of total
variation for yhran and about 36.4% of total variation for yhdin are explained by
Compound Trend model. The DW values of all models for yhraj are less than 2

indicate that the data are affected by autocorrelation.

. 2
In Table 3.15, the R’values are 0.728, 0.618, 0.484 and adjusted R* are 0.711,

0.593, 0.451 respeétivcly for yhraj, yhran and yhdin by OLS for Quadratic Trend

model. Therefore about 71.1% of total variation for yhraj, about 59.3% of total

variation for yhran and about 45.1% of total variation for yhdin are explained by

Quadratic Trend model. The DW values of all models for yhraj are less than 2

indicate that the data are affected by autocorrelation.
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The Cochraﬂe and Orcutt estimates of parameters (Section 2.4.2. 2) for all trend
cn

models and for the selected districts are computed and reported in the Table 3
€ lable 3.16-

Table 3.18. It is seen from Table 3.16 that the Cochrane and Orcutt estimates of
the parameters of Linear Trend model shows that the coefficient of t and constant
used in the model for yharj, yhran and yhdin are significant at 1% level. From
Table 3.17 we see that the Cochrane and Orcutt estimates of the parameters of
Compound Trend model shows that the coefficient of t and constant used in the
model for yharj, yhran and yhdin are significant at 1% level. Also from Table
3.18, the Cochrane and Orcutt estimates of the parameters of Quadratic Trend

model shows that the coefficient of t and constant used in the model for yharj,

yhran and yhdin are significant at 1% level.

Based on the results provided in Table 3.19-Table 3.21 the R® values are 0.664,
0.6198, 0.4308 and adjusted R? are 0.6535, 0.6079, 0.413 respectively for yhraj,
yhran and yhdin by Cochrane and Orcutt method for Linear Trend model.
Therefore about 65.4% of total variation for yhraj, about 60.8% of total variation
for yhran and about 41.3% of total variation for yhdin are explained by Linear
Trend model. DW statistics for this trend model are 1.72, 1.96, 1.87 respectively

for yhraj, yhran and yhdin respectively. This implies that the data sets are not

2
affected by autocorrelation problem. For Compound Trend model the R* values

are 0.6202, 0.5526, 0.4290 and adjusted R* are 0.6083, 0.5386, 0.4112

respectively for yhraj, yhran and yhdin by Cochrane and Orcutt method. Therefore

about 60.83% of total variation for yhraj, about 53.86% of total variation for yhran

. ; d Trend
and about 41.12% of total variation for yhdin are explained by Compound Lren
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model. DW statistics for compound trend
model are 1.72, | 98, 1.8
~1% 198, 1.88 respectively

for ybraj, yhran and yhdin respectively. This implies that the data sets are not
0

affected by autocorrelation problem. The g? values are 07445, 0.6411. 0,49
) 2 = » Y. 1

2 2
and adjusted R*are 0.7281, 0.6180, 0.4668 respectively for yhraj, yhran and yhdin

by Cochrane and Orcutt method for Quadratic Trend model. About 72.813% of
total variation for yhraj, about 61.80% of total variation for yhran and about
46.68% of total variation for yhdin are explained by Quadratic Trend model. It is
noted from Compound Trend Model that the DW statistics of the data sets yhraj,
yhran and yhdin are 1.82, 2.01 and 1.94. Since this statistics are near to 2 this

indicates that these data sets are not affected by autocorrelation problem.

The forecasting performance of the trend models for HYV Boro production of
Rajshahi have been done and the results are demonstrated in Table 3.22. The
MSE’s are 0.054, 0.042 and 0.043 respectively for Linear, Compound and
Quadratic Trend models and the AME’s are 0.210, 0.141 and 0.164. Hence the
Compound Trend model possesses the lowest MSE and AME values for HYV
Boro rice production of Rajshahi district. Quadratic Trend model possesses next

lowest MSE and AME values while Linear Trend model possesses the highest

MSE and AME values among the three methods for the data of Rajshahi district.

Table 3.23 provides the forecasted production of HYV Boro rice with

corresponding MSE and AME values for Rangpur district. The MSE'’s are 0.071,

0.070 and 0.095 respectively for Linear, Compound and Quadratic Trend models
and the AME’s are 0.189, 0.189 and 0.271. Therefore, the Compound Trend
t MSE and AME values for HYV Boro rice production

model possesses the lowes
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of Rajshahi district but the Linear Trend mode] Possesses the high
1ghest MSE and

AME values among the three methods for the data of Rajshahi district
ict,

The forecasted production of HYV Boro rice and method-wise MSE and
3 and AME

values for Dinajpur district are given in Table 3.24. The MSE’s are 0.056. 0 053

and 0.051 respectively for Linear, Compound and Quadratic Trend models and the

AME’s are 0.184, 0.183 and 0.184 for Dinajpur district. It is observed that the

Quadratic Trend model has minimum MSE value than other two trend models but

Compound Trend has the lowest AME value. The Linear and Compound methods

have same AME values.

Finally the growth rates of these districts are computed for Compound Trend Model. The

rates are 1.009 1.0124 and 1.0075 respectively for Rajshahi, Rangpur and Dinapur.

5.2.2 Results of Factor Analysis
The KMO statistics for sampling adequacy measure of Rajshahi, Rangpur and

dinajpur are summarized in Table 4.2-Table 4.4. It is seen from these Tables that
the KMO statistic for Rajshahi is 0.615, the KMO statistic for Rangpur is 0.612
and the KMO statistic for Dinajpur is 0.597. According to Tabachnick and Fidell
(2001), a value of 0.60 or above from the KMO measure of sampling adequacy

indicates that the data of our selected districts are adequate for the exploratory

factor analysis.

To test the all diagonal terms are unity and all off diagonal terms are Zero We USS

the Bartlett's test of spherically for Rajsahi The results are reported in Table 4.2.

The chi square value for Rajshahi is 653.069 idicate that the test is significant at

. : f the
1% level of significance. Therefore, according to NOTUSSIS 1785 we ety £
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-Table 4.4, the Bartlett's
values for Rangpur and Dinajpur are

factor model. From the Table 4.3,
test of Sphericity

592.105 and 574.987 respectively, These

values are also significant at 1% leve] of significance. Hence the factor analysis i
is

may be used for this districts.

The Scree plot 1s a very useful graphical presentation is use to determine the
number of common factors necessary for any data set. For the present study the
Scree plot for determining the factors influencing the HYV Boro production of the
selected districts are presented in Fig 4.1- Fig 4.3. The Scree plot justifies the five
factors as an influential to the HYV Boro production for each district separately.

The number of HYV Boro production influencing factors to extract to the study
with eigenvalues, percentages of variation account by the factors and their
cumulative percentages of explained variances for Rajshahi are reported in Table
4.5. The result shows that there are five factors account for 82.33% of the total
variance, with Factor I accounting for 31.44%, Factor II, 20.59%, Factor III,
12.95%, Factor IV, 10.18% and Factor V 7.16%. These five factors are more than
adequate to represent the data considering the convention that at least 75% (two
third percents) of the total variance is needed to capture information for the
production of HY'V Boro rice of Rajshahi district. The variables included in these

. .. : : tive
factors are Fertilizer use, Carbon dioxide Emission, Rainfall in Reproducti

i ve Stage,
Stage, Cloud Coverage in Reproductive Stage, Humidity in Reproductive Stage

Wind Speed in growing stage, Wind Speed in vegetative stage, Wind Speed in

. ey o7 wing Stage,
Reproductive Stage, Rainfall in growing Stage, Humidity in growing

) . Statements of
Rainfall in vegetative Stage and Humidity 1m vegetative Stage. Item Sta
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Factors with Rotated Factor Loadings for Rajshahi are presented |
| nied in Table 4.6.
Factors with Rotated Factor Loadings are given in Table 4.7, Ther fore th
A c€lore the first
factor accounts for the largest proportion, 31.44% of the total variance. This f;
3 18 1actor

includes two variables like Fertilizer Use and Carbon Dioxide Emission with
ith same

factor loading of 0.935. Factor 2 accounts for 20.59% the second largest

proportion of the total variance consisting of the three variables like, Rainfall in
Reproductive Stage, Cloud Coverage in Reproductive Stage and Humidity in
Reproductive Stage with factor loadings 0.902, 0.807 and 0.770 respectively. The
third factor accounts for 12.95% of the total varjance consisting of three variables
of Wind Speed at three stages of the HYV Boro production. The factor loadings of
Wind Speeds are 0.944 for Vegetative Stage, 0.902 for Growing Stage and 0.886
for Reproductive Stage. Factor 4 accounts for the next 10.19% variation of the
total variance, consisting of two variables, Rainfall in Growing Stage and
Humidity in Growing Stage with factor loadings 0.896 and 0.785 respectively.
Factor 5 is the last factor accounts for 7.16% of the total variation consisting of
two variables, Rainfall in Vegetative Stage and Humidity in Vegetative Stage of

factor loadings 0.822 and 0.767 respectively.

The number of HYV Boro production influencing factors to extract to the study

G ir
with eigenvalues, percentages of variation account by the factors and the

. in Table
cumulative percentages of explained variances for Rangpur are reported in

4.8. The result shows that that the five factors account for 75.71% of the total

I1I,
variance, with Factor accounting for 24.80%, Factor II, 20.25%, Factor

than
13.36%, Factor IV, 11.29% and Factor V 6.26%. These five factors are more
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adequate to represent the data considerin -
g the convention th
at at least 759,

(two
third percents) of the total variance is ne
eded to capture inf i
ormation for the

production of HY V Boro rice of Rangpur district.

The variables included in these factors are Humidity in growing Stage, Humi dity
in Reproductive Stage, Rainfall in growing Stage, Temperature in Reproductive
Stage, Temperature in vegetative stage, Wind Speed in Reproductive Stage, Wind
Speed in growing stage, Fertilizer use, Carbon dioxide Emission and Cloud
Coverage in Vegetative Stage. Factors with Rotated Factor Loadings for Rangpur
are presented in Table 4.10. From this table it shows that Factor 1 accounts for the
largest proportion, 24.55% of the total variance. This factor includes three
variables like Humidity in growing Stage, Humidity in Reproductive Stage and
Rainfall in growing Stage with factor loadings of 0.785, 0.810 and 0.896
respectively. Factor 2 accounts for 20.25%, the second largest proportion of the
total variance consisting of the two variables like, Temperature in Reproductive
Stage and Temperature in Vegetative Stage with factor loadings 0.649 and 0.912
respectively. The third factor accounts for 13.36% of the total variance consisting
of two variables of Wind Speed in Reproductive Stage and Wind Speed in

growing stage of the HYV Boro production. The factor loadings of Wind Speeds

are 0.886 and 0.902. Factor 4 accounts for the next 11.29% variation of the total

. 1 joxide Emission
variance, consisting of two variables, Fertilizer use and Carbon dioX

0
with same factor loadings 0.935. The ]ast factor (Factor 5) accounts for 6.26% of

. e Vegetative
the total variation consists of only one variable, Cloud Coverag g

Stage with loading 0.745.
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The number of HYV Boro production influencing factors with their eigenval
alues,

peroemiges of variation and their cumulative percentages of explained varia
nces

for Dinajpur are exhibited in Table 4.11. From this table it is seen that five

influential factors for the HY'V Boro rice production of Dinajpur district explained
71.57% of total variation. Rotated component matrix and selected factor wise
factor loadings of Dinajpur are given in Table 4.12 and Table 4.13 respectively. It
is noted that the first factor accounts for the largest proportion, 31.04% of the total
variance. This factor includes three variables like Humidity in Vegetative Stage,
Fertilizer Use and Carbon Dioxide Emission with factor loadings 0.911, 0.805 and
0.807 respectively. The second factor accounts for 14.92%, the second largest
proportion of the total variance consisting of only one variable Cloud Coverage in
Growing Stage with factor loadings 0.702. The third factor accounts for 10.92% of
the total variance consisting of two variables of Rainfall in Vegetative Stage and
Rainfall in Growing Stage. The factor loadings are 0.721 and 0.637 respectively.
Factor 4 accounts for the next 8.17% variation of the total variance, consisting
only one variable, Wind Speed in Reproductive Stage with factor Joading 0.657.
The last factor accounts for 6.52% of the total variation consisting of the variable

Temperature in Growing Stage with its loading 0.691.

3.3 Conclusion | f
i egion 0O
High yielding Boro rice produces enormously in the Northern reg

i rice producing
Bangladesh. On the basis of per hector production three HYV Boro rice p

i d by Simple Random
districts, Rajshahi, Rangpur and Dinajpur have been selected by

ity of HYV Boro rice
Sampling as a study area for the present study. Productivity 0
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and tractor. Rice productions in the recent
years are hamperin
g and the production
variability is occurring due to changing climatic conditions and some other
causes.
So it is our concern to know the trend of HYV Boro rice production of the selected

districts. Therefore to fulfill the objectives of the present study Trend Analysis and
an

Factor Analysis methodologies have been anticipated.

Linear, Compound and Quadratic trend models have used to forecast the
production up to the next 2021 years on basis of data the data set from 1971 to
2003. The non parametric statistical tests Mann-Kendall test and Spearman are
used to the validity of trends in the variables used in the present study and the
results are show in the chapter two. The result shows that both the test statistics
Mann-Kendal and Spearman fall outside of the 95% confidence interval of the
respective test statistics indicate the rejection of null hypothesis. Therefore, we
may say that the trend exists for all the variables used in the data set of the districts
Rajshahi, Rangpur and Dinajpur. The HYV rice productions for different districts

are time series data so this study therefore emphasises on tougher justification of

fime series propertics. A £0od understanding of the time-series properties of

agricultural productions are prerequisite to useful anslyses of risk mamgement

o : ? So we
and forecasting problems, and one question 1S, are these data stationary

have used DF and ADF tests of stationarity of this study.

o : its
The DF and ADF statistics reject the null hypothesis indicate S

. ; fore amon
in the data sets that is the data of each of the series are stationary. Therefo g
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a variety of trend models available in the literature the commonly used Jinear trend
model, compound trend model and quadratic trend models have been used for the
preset study. The OLS estimates of parameters of all the models with standard error
and p-values are reported in detailed in the chapter two. The DW statistics shows

that all methods for all districts are affected by autocorrelation problem,

To overcome from this situation Cochrane-Orcutt estimation technique have
been applied and the results indicate that the DW statistics more or less equal to
2. Also the JB test shows Normality of the data sets of the three districts. The

R? values and adjusted R’ values improve for the Cochrane-Orcutt estimation
techniques. Large increments 17%-18% are notable of Rajshahi districts for both
the Linear and Compound models. For rest of the models of other districts and
all the districts for quadratic trend model it increases within 2%-4% of the total
variations.

The HYV Boro productions of the selected districts for three trend models by OLS
techniques and Cochrane-Orcutt estimation techniques have been forecasted using
the data from 1971 to 2003 and the results also given in detailed in chapter 2. The

B cosm
forecasting performances have been checked by MSE AME. Therefore it 1 S€

L e
from the result that the Compound Trend model performs better maintaining

inapur.
growth rate 1.009 for Raj shahi, 1.0124 for Rangpur and 1.0075 for Dinap

: ariables on HYV
Factor analysis has been used to judge of influences of study v

. ic g statistical technique
Boro production of the selected districts. Factor analysis 18 2 )
iables to a smaller
that permits the reduction of a large number of correlated var
i ber
l i ing the smallest num
number of latent dimensions to achieve parsimony by using
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n a.ri i

correlation matrix.

Bartlett proposed a significance test for 3 covariance or correlat]
alion matrix and a

significance test to be applied to the residua] matrix after a give b
0 number of

principal components had been extracted is called Bartlett's test of Spheri ity
€ricity.

This test is applicable to determining whether or not any factors or components
should be extracted from the correlation matrix. We have used this test for the
selected districts. The Bartlett's test values for Rajsahi, Rangpur and are 653.069,
592.105 and 574.987 respectively and each of statistics have the same p-value,
0.000. Therefore, all the tests are significant at 1% level of significance. The
value of KMO obtained by this test characterized by Norussis as "mediocre"
and the highly significant level of the test of sphericity, are both very
comfortable indications that the given set of data of the three selected districts
are justified for factor analysis.

Determining the number of factors to use has been an issue since the beginning of
factor analysis. There is no perfect way to determine how many factors to be used
for factor analysis. The Scree test is use to determine the number of common

ini tors
factors necessary to represent the data. The Scree plot for determining the facto

influencing the HY'V Boro production of the selected districts are presented in Fig

: i tial
4.1- Fig 4.3 (in chapter 4). The Scree plot justifies the five factors as an influentia

to the HY'V Boro production for each district separately.
: ; i ishahi district
Five influential factors for the HYV Boro rice production of Rajs

t factor accounts for
account for 82.33% of the total variance. Among them the firs
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the largest proportion, 31.44% of the tofq variance. This factor includes two

variables like Fertilizer Use and Carbop Dioxide Emissiop Wwith same facto
r

Joading of 0.935. Factor 2 accounts for 20.59%, the second largest proportion of

the total variance consisting of the three variables like, Rainfa]] in Reproductive
Stage, Cloud Coverage in Reproductive Stage and Humidity in Reproductive

Stage with factor loadings 0.902, 0.807 and 0.77¢ respectively. The third factor

accounts for 12.95% of the total variance consisting of three variables of Wind
Speed at three stages of the HYV Boro production. The factor loadings of Wind
Speeds are 0.944 for Vegetative Stage, 0.902 for Growing Stage and 0.886 for
Reproductive Stage. Factor 4 accounts for the next 10.19% variation of the total
variance, consisting of two variables, Rainfall in Growing Stage and Humidity in
Growing Stage with factor loadings 0.896 and 0.785 respectively. Factor 5 is the
last factor accounts for 7.16% of the total variation consisting of two variables,
Rainfall in Vegetative Stage and Humidity in Vegetative Stage of factor loadings
0.822 and 0.767 respectively.

Five influential factors for the HIYV Boro rice production of Rangpur district that

' Factor 1
account for 75.71% of the total variance are selected. It shows that Fa

: . This factor
accounts for the largest proportion, 24.55% of the total variance

o e Stage, Humidity in
inC].udeS three variables like Humldlty m gI'OWII‘lg S ag

. i 1 adings Of 0-785’
Reproductive Stage and Rainfall in growing Stage with factor Jo

econd largest
0.810 and 0.896 respectively. Factor 2 accounts for 20.25%, the s

and Tem tu Vv i with factor loadings
. ductive Stage d Temperature in egetatwe Stage
n Repro ucti
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0.649 and 0.912 respectively. The third factor accounts for 13.36% of the total
variance consisting of two variables of Wind Speed in Reproductive Stage and
Wind Speed in growing stage of the HYV Boro production. The factor loadings of
Wind Speeds are 0.886 and 0.902. Factor 4 accounts for the next 11.29% variation
of the total variance, consisting of two variables, Fertilizer use and Carbon dioxide
Emission with same factor loadings 0.935. The last factor (Factor 5) accounts for
6.26% of the total variation consists of only one variable, Cloud Coverage
Vegetative Stage with loading 0.745.

Similarly another five influential factors to the HYV Boro rice production of
Dinajpur district that account for 71.57% of the total variance are selected.

Among them the first factor accounts for the largest proportion, 31.04% of the
total variance. This factor includes three variables like Humidity in Vegetative
Stage, Fertilizer Use and Carbon Dioxide Emission with factor loadings 0.911,

0.805 and 0.807 respectively. Factor 2 accounts for 14.92%, the second largest

proportion of the total variance consisting of only one variable Cloud Coverage in

Growing Stage with factor loadings 0.702. The third factor accounts for 10.92% of
the total variance consisting of two variables of Rainfall in Vegetative Stage and

Rainfall in Growing Stage. The factor loadings are 0.721 and 0.637 respectively.

Factor 4 accounts for the next 8.17% variation of the total variance, consisting

only one variable, Wind Speed in Reproductive Stage with factor loading 0.657.

Factor 5 is the last factor accounts for 6.52% of the total variation consisting of the

variable Temperature in Growing Stage with its loading 0.691.
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5.4 Policy Implication

The findings should be useful for providing a better understanding of the situations
of the HYV Boro rice in the Northern area of Bangladesh. The results obtained
from this study may be helpful for the planners and policy makers to allocate and
achieve production targets and in long term planning at national level so that

appropriate action can be taken as and when necessary.
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