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ABSTRACT

A computerized databasc and data retrieval system on forest resources of Kerala
State, India was devcloped. The databasc contains the spatial-temporal data
covering themes such as forest arca, forest plantations, production, supply,
demand and prices of forest products. The data in the databasc are stored in
popular filc formats such as Exccl (xIs), Word (doc) or Acrobat (pdf). The
databasc has an interface developed using ‘Microsoft Visual Basic’. [t helps to
retricve the required data in a few clicks. The graphical representation of the data,
data sourcc and glossary arc also integrated in the system.

The highlights of the important statistical data and the following two major
applications of the databasc arc also presented.

i. Projection of futurc availability of teak wood from forest plantations was
undertaken under different scenarios, taking into account the factors such as
species-mix, age structure, rotation age, productivity and planting rates. The
projections indicated that the promotion of teak outside the forests such as home
gardens and farmlands would help to bridge the gap between future demand and

supply.

il. The long-term trends in the real prices (deflated current prices) of teak wood in
different girth classes for the period 1956 to 2005 were analysed by fitting
different spline models. The analysis indicated that there was a declining trend in
rcal prices since 1995 probably duc to increased availability of substitute
materials in the market. However, of late, the prices of teak wood have been
increasing. The short-term price forecasts of teak wood were made using artificial
neural network and auto-regressive integrated moving average models. The
forccasts indicated that the quality teak wood would fetch high returns,
Therefore, efforts should be made to produce quality teak wood.
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1. INTRODUCTION

1.1 IMPORTANCE OF FORESTRY STATISTICAL DATABASE

In recent years, forests and forestry have attracted greater attention all over the world in view
of their complex role in the environment amelioration besides the social and economic
benefits they provide to the population. [t is this fact that led to the development of
sustainable forcst management based on scientific principles and' reliable data. There has
been a wider use of forest statistics in resource estimation, making crucial management
decisions, devcloping criteria and indicators for the assessment of sustainability, cconomic
computations and making policy decisions.

Statistical modeling and prediction tools, databases and other newer techniques have gained
greater applicability in forestry science. In a number of instances, statistical data or databases
arc very handy tools facilitating reliable analysis, resource accounting, making spatial and
temporal comparisons, developing decisions support systems (DSS), yield prediction are but
a fcw applications. In this ‘knowledge cra’ decisions are guided by statistical data (evidence-
based) and not by intuition. Statistical databases also improve the data quality, reduce

duplication and encourage information disscmination.

Considering the importance of forestry statistics and databasc the Forest Policy 1988, Scction
4.14 on Forest Survey and Data Basc states ‘[nadequacy of data regarding forest resources is
a matter of concern becausc this creates a false sense of complacency’. Priority needs to be
accorded to completing the survey of forest resources in the country on scientific lines and to
updating information. For this purpose, periodical collection, “collation and publication of
reliable data on relevant aspects of forest management needs to béimproved with recourse to

modecrn technology and equipment.
1.2 DATA REQUIREMENTS

Most of the forest statistics that we have in the State/ Country arc collected to meet the
routine administrative necds of the Forest Department and is largely a bye-product of the
administrative reports and records of the State Forest Departments such as reserve register,
stock register, plantation journal and revenue register. But today’s changed perspective of
forest management from timber production to environmentally-oriented forest management

(which has to take into consideration Clean Development Mechanism (CDM), Climate




Change Mitigation Strategies) requires a varicty of data from a number of different sources

and their analyses.

Forest planning requires data trom forest environment and environment external to forests.
Examples for the former casc include data on forest arca, growing stock, growth rates,
rotation, etc. Examples for the latter casc include demand and supply of forest products and

complementary and competing products such as steel, fiber products and their prices.

Forestry activities were hitherto primarily carried out in land under the control ot the Forest
Department. The introduction of programmes such as Social Forestry, Agro forestry and Joint
Forest Management and afforestation programmes demand great amount of additional data

such as landuse pattern and socio-economic background of farmers.

It is clear that forestry statistics produced in Forest Statistics/Annual Reports arc not
sufficient to meet the present day data needs. The scope of the forestry statistics should be

broadencd to mect the demand of the different stakeholders in the changed circumstances.
1.3 OBJECTIVES

A number of agencies such as State Forest Departments, Forest Survey of India, Ministry of
Environment and Forests etc. have been publishing data on various aspects of forest from
time to time. However, there have not been efforts to integrate these data and produce as
computerized database for casy data retrieval and reference. It has often been recommended
that forestry statistics should be brought together in a centralized system covering all aspects.
Many experts have compared it to a river system, which is fed by tributaries drawing water

-

sources of glaciers, surface run off and underground resources. This system eventually feeds

L

the ocean.

As far as Kerala is concerned, there have been some efforts in this line by Jayaraman and
Krishnankutty (1990), 1S years before. Recently, Sivaram (2004) developed an integrated
computerized database and retrieval software on selected aspfé"cts of forest resources of Kerala
utilizing the data collected from several secondary sources and the data on certain aspects
were analyzed. The objective of this project was to update the existing statistical database and
add data on new themes and carry out statistical analysis to bring out useful information for

forest management.



2. COMPUTERIZED DATABASE AND
DATA RETRIEVAL SYSTEM

2.1. SOURCES OF DATA

The database was developed by collecting data from scveral secondary sources and by

communicating with various agencics. The sources include the publications of the Kerala

Forest Department, Ministry of Environment and Forests, Food and Agriculture Organization

(FAO), Department of Statistics and Economics, Directorate of Census and the Kerala Forest

Research Institute and the articles published in journals.

2.2. THEMATIC ELEMENTS OF THE DATABASE

The database was developed keeping in mind mainly the general data requirements of the

personnel involved in forestry and related disciplines. It may be noted that the data on certain

themes are provided at the national level depending upon the availability. The data on many

of the aspects are of time-series type covering the period from 1980 to 2005.

The database was developed on the following themes.

i)

vi)

A Statistical Glance at Kerala and its Forests

Summary statistics on important features of Kerala such as geographical area,

latitude and longitude, population, forest area under different vegetation types,
specics-wise arca under forest plantations, growing stock estimates and information on
revenue and expenditure, Gross domestic product due to forestry sector, etc.

Land and Population

Trends in landusc pattern, population by sex and literacy status, scheduled tribe
population. )
Forest Policies ‘-

Documents on sclected national forest polices and forest policies of the Kerala State.

Forest Administration

Forest administrative units, forest stations, forest check posts and forest timber depots.
Forest Economy /

Trends in gross and net state domestic products from forestry sector, revenue from
forest products, revenuc and cxpenditure, Plan and non-plan expenditure in the Kerala
forestry scctor.

Forest Area

Trends in forest arca with respect to legal status, vegetation type and land use pattern,
Forest arca and forest cover according to administrative units such as forest range,
forest division and administrative district, tree cover estimates outside forests.
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vii)

viii)

xi)

xii)

xiii)

Xiv)

XV)

xvi)

Forest Plantations
Data bank containing list of individual plantations indicating the details such as
location, name of the plantation and year of planting, trends in area under forest

plantation by species and Forest Division, productivity of forest plantations for selected
species.

Growing Stock

Important species in forests, growing stock of forests, growing stock of tcak,
eucalyptus and bamboo.

Production of Forest Products
Trends in the production of timber by species, production of non-wood
forest products (NWFP), details on tribal socictics and NWFPs collected.

Prices of Forest Products
Prices of timber species at State level and in various timber sales Divisions, quantity

sold, prices of pulpwood species such as bamboo and cucalyptus and prices of
NWEFPs,

Supply and Demand

Sector-wise demand and supply of timber, fuel wood, charcoal, etc., export and import
of timber.

Biodiversity
Protected arca, Biosphere Reserves, plant and animal biodiversity, wetlands, list of
algae, amphibians, bryophytes, birds, fishes, lichens, reptiles.

Mangroves and Sacred groves
Distribution of mangroves and sacred groves.

Forest Degradation
Annual deforestation rate, trends in forest offences and forest fire.

-

Wildlife Census

Population estimates of major mammals including elephant and tiger estimated from
different censuscs.

Ecotourism
Trends in foreign and domestic tourists to Kerala, profile of the visitors to different

sanctuaries and national parks, trends in budgetary alldcation to tourism sector

xvii) Forest Weather

Weather data from selected districts, Forest Divisions and wildlife sanctuaries.

xviii) Maps

Kerala administrative boundary map, map showing boundarics of Forest Range and
Divisions, maps of the individual Forest Division and Range, map showing Elephant
Reserves and clephant density.




xix) Other Useful Statistics
Global level land area and forest area statistics, global statistics on production, trade
and consumption of round wood and sawn wood.

2.3. DEVELOPMENT OF DATABASE AND RETRIEVAL SYSTEM

Files in Popular format
like xls, doc, pdf (stored in
folders)

Folders represent
data themes

Program Interface Jpmmnd Display in Native
- format

Fig. 2.1. Diagram showing the database system for storage and retrieval of data files

In an earlier project on database on forest resources of Kerala, a database and retrieval system
was developed using the software Visual Fox Pro 6.0 (Sivaram, 2004). Because the data for
the database are essentially collected from secondary sources at djfferent levels in different
formats, it is difficult to put these data tables in database such as Visual Fox Pro, MS Access
and SQL Server and writing program codes for retrieval system. The updating of database
from time to time is also difficult. So, an attempt was made to develop a simple interface
using Microsoft Visual Basic so that data addition, upda({on and retrieval become easy. In
this system, there are different data folders named after the major themes and prefixed by a
three digit code (like 001, 002 etc.) stored in the root directory C:\database forest. In each
folder, files named after the title of the data table and prefixed by a three digit code are
stored. The order of appearance of the themes and files under the each theme is based on
decreasing order of the three digit code. The data files may be in Excel (xls), Word (doc) or
in Acrobat (pdf) format. The Excel and Word files used are of 2003 version.
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Fig. 2.3. Maximized view of the left-bottom of the menu in Fig. 2.2. showing the details of
the trends in species-wise area under forest plantations
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The source for each data set is indicated in the software appropriately for authenticity. The
system also contains a glossary. The software is best viewed under the screen area 1024 by

768 pixels.

This was an attempt to provide the database and retrieval system in an integrated manner
after consulting a number of ‘secondary sources. Therefore, there could be some errors and
scope for improvement in presentation. The users of this package are welcome to send their
valuable suggestions. As it 1s intended for refinement and updation periodically, it would be

able to incorporate the modifications suggested.

2.4. INSTALLATION OF SOFTWARE AND STARTING UP FOR
WINDOWS USERS

Installation

1. Place the CD-ROM *“Kerala Forestry Statistical Database (KFSTAT)” in the CD-
ROM drive of the computer.

2. Open the CD-ROM. Double click on the ‘Kerala Forestry Statistical Database
(KFSTAT).msi’.

3. Sub-window ‘Welcome to Kerala Forestry Statistical Database (KFSTAT) Setup
Wizard” will appear. Go on clicking ‘Next” button.

4. Sub-window ‘Ready to install’ will appear. Click ‘Install” button for the installation of
the software.

How to start the program

1. Click on the ‘Start’ button in the menu bar
2. Select ‘Programs’ from the list now shown.

3. Select ‘Kerala Forestry Statistical Database (KFSTAT)’ from the subsequent list
shown to start the program.

4. Alternatively just click the icon depicting a tree with KFSTAT.exe placed on the
desktop.

Deleting the program

1. Click on the ‘Start’ button in the menu bar. /

2. Select settings from the list now shown.

3. Select ‘Control Panel” from the list of “Settings’ and click once on this item.

4. Select and open ‘Add/Remove Programs’ in the ‘Control Panel’.

5. Select ‘database forest’ from the list of installed programs and click on the

‘Add/Remove’ button.




3. APPLICATIONS OF DATABASE IN FOREST
MANAGEMENT

The spatial-temporal data presented in the database is expected to generate useful information
to appraise on various aspects of the forestry sector. The major forestry statistical data of

Kerala are briefly highlighted below.

3.1. GENERAL FEATURES OF KERALA STATE AND ITS FORESTS

The State of Kerala is located in the south-west corner of the Indian Peninsula between 8 18
and 12° 48" North latitudes and between 74" 52° and 77 22’ East longitudes, as a narrow strip
of land. It encompasses an area of 38,863 km?, which is 1.2 per cent of the total land area of
India. The undulating topography ranges from below the MSL to 2,694 m above MSL. The
land is panoramic with evergreen forests, picturesque landscapes and backwaters. The land of
Kerala may be broadly classified into three geographical regions viz., lowland, midland and
highland. The State has a coastline of nearly 550 km. There are 44 rivers in the State of
which three are east-flowing and the remaining west-flowing. There are two distinct rainfall
seasons in Kerala viz., the Southwest (June to August middle) and Northeast monsoon, which
last from September to November end. During these two seasons, about 90 per cent of the
annual rainfall is precipitated in the State. The Southwest monsoon accounts for two third of
this precipitation. The average rainfall is about 3000 mm. Variation in temperature is from

23.910 37.7 °C in plains and from 10.0 to 32.2°C in hills.

As per the Census -2001, Kerala has a population of 3.2 crore which constitutes 3.4 per cent
of the total population of the country. In terms of population density, Kerala has the high
population density of 819 persons per km?®. It is the first State to aghieve the highest literacy
(91 per cent). The State has made significant achievements in health and these are reflected in
the attainment of low infant mortality rate, low maternal mortality rate, low birth rate, low

death rate and high life expectancy rate.

The State has 14 administrative districts. The provisiona{ estimate of per capita of the State
for the period 2004-05 at current prices was Rs.29,693/-. The main occupation of the people
1s agriculture. Kerala’s climate permits cultivation of high value perennial crops. Kerala is
the major Indian producer of several commodities notably pepper, rubber, cashew,
cardamom, ginger and coconut. The wide variety of Kerala’s cropping pattern is reflected in
most farms with farmers usually growing several crops. The landuse pattern according to

Kerala State Land Use Board reveals that the lard put to non-agricultural use has been
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steadily increasing while the net area shown and total cropped areas have been declining

(Table 3.1).

Table 3.1 Trends in Land use Pattern in Kerala (1980-2006)

Unit ‘000 ha
Land use classification ]
Year Total' Forest Land put to Barre.n & | Permanent L'zmd under Cultivable Fallow other Current | Net area Total ] Area sown|
geographical Area nonagriculture| uncultivabl| pastures and | miscellancou waste than current fallow | sown cropped | more than
area uses eland | grazing land| s tree crops fallow area once

1980-81 3885 1082 270 36 5 64 129 27 44 2180 2885 7@\
1985-86 3885 1082 279 83 4 50 126 28 43 2191 2867 676
1986-87 3885 1082 263 82 4 46 129 28 44 2207 2871 664
1987-88 3885 1082 285 72 3 41 115 29 47 211 2900 689
1988-89 3885 1082 284 71 3 41 116 28 47 2213 2963 751
1989-90 3885 1082 285 66 3 38 107 26 46 2232 3019 787
1990-91 3885 1082 297 58 2 34 95 26 44 2247 3020 773
1991-92 3885 1082 301 S5 2 34 93 26 44 2248 3021 773
1992-93 3885 1082 303 55 2 34 91 27, 42 2249 3046 797,
1993-94 3885 1082 308 sl 2 37 90 29 49 2238 3043 805\
1994-95 3885 1082 323 43 ) 32 82 29 48 2240 3048 ﬁ‘
1995-96 3885 1082 313 43 1 27 74 29 51 2265 3067 802
1996-97 3885 1082 318 41 1 23 67 29 55 2269 3021 753
1997-98 3885 1082 320 39 1 22 65 28 58 2270 2969 698
1998-99 3885 1082 324 28 1 20 63 32 68 2258 2917 658
1999-00 3885 1082 354 29 0 19 58 32 72 2239 3002 @
2000-01 3885 1082 382 29 0 15 59 34 78 2206 3022 816
2001-02 3885 1082 392 30 0 14 64 34 79 2191 2992 802
2002-03 3885 1082 393 30 0 13 83 39 7 2189 2970 732
2003-04 3885 1082 388 30 0 12, 71 39 71 2194 2976 783
2004-05 3885 1082 430 29 0 10 70 41 68 2155 2006 841
2005-06 3885 1082 370 26 0 10 66 45 70 2132 2986 853
2006-07* 3885 1082 439 26 0 9 90 47 82 2111 2018 806

* Provisional figures Source:

In India, most of the forest resources are under the custody of the Government. The State
Government owned State Forest Departments (SFDs) are managing the forest resources. SFD
follows the directions of the both State and Central Government. In Kerala, timber extraction
from natural forests has been stopped since 1980. The contribution of forest sector to the
Gross State Domestic Product (GSDP) is Rs.1,302.24 crore which is just 1.5 per cent.
Though forests meet a variety of social and environmental needs of the State it is seldom
accounted in the State/National income. The maximum contribution to GSDP is from [dukki

district followed by Pathanamthitta and Wayanad (Fig. 3.1).

v

The contribution of forests to State income is mainly from sale of timber (Fig. 3.2) especially
from the sale of teak from teak plantations (see chapter 4.0 for more details). The
expenditure by the Kerala Forest Department is almost as that of its revenue. About 50 per

cent of its expenditure is for Plan Schemes.
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were about 950 fire incidents damaging 15,580 ha of forest area. ‘lllegal collection of forest
producc and clearing of forest land are some of the other causes for forest degradation. The
offences duc to illegal collection of forest produces are the major offences as recorded by the
Kerala Forest Department. On the whole, there is a declining tendency in the number of

offences in the State over the years (Fig. 3.13 ).
3.2. DATA MINING ON SELECTED ASPECTS

Data mining is finding the hidden patterns that transform data into insight (i.e., knowledge
discovery) and applying discovered knowledge for business advantage (i.e. knowledge
deployment). [n this project, data mining was also carricd out on selected data sets through
mathematical/statistical models with respect to certain aspects so that new information could
be obtained. It is in this regard, using the data available in the database collected from various
sources, two in-depth studics were attempted to meet the following objectives.

1) to analyzc the trends in the extent of teak plantations in Kerala

i) to project the futurce trends in the availability of tecak wood from forest plantations
basced on its age structure under ditferent scenarios

1i1) to analyzce the trends in the real prices of teak wood and

v) to make short-term forecasts of current prices of teak wood.

The first two objectives arc met in Chapter 4 and the last two objectives arc met in Chapter 5.

L)




20

4. APPLICATIONS OF DATABASE IN FOREST
MANAGEMENT

4.1. PRIMARY DATA SOURCE

The primary data source for the analysis in this chapter is as follows. The data on forest
plantations were obtained through extensive communications with the Divisional Forest
Ofticers of the Kerala Forest Department and Divisional Managers of the Kerala Forest
Development Corporation. The officers were requested to provide the details of the
individual plantations in their respective jurisdiction such as location, extent and year of
planting. The data on volume cstimates (productivity), thinning and rotation age, demand and

supply of teak wood obtained from various rescarch reports and All India Yield Table were
also used for the analysis.

4.2. STATUS OF FOREST PLANTATIONS
4.2.1. Historical trends

Teak plantations form the major source of teak wood supply in Kerala. The history of teak
plantations in Kerala has been discussed by Chundamannil (1993)1A The beginning for the
establishment of teak plantations was first made at Nilambur, which dates back to 1842,
Raising plantations later grew to become the genesis of network of tcak plantations in India.
A great majority of teak plantations in Kerala have been established under the government
plantation programmes. With the introduction of Working Plans from 1895 to 1905 and 1906
to 1915, teak plantations were brought under systematic management for the scientific
working. The period after the Second World War was marked By a sincere effort in
afforestation in areas ravaged by excessive felling during the war period. Teak was the most
preferred species for raising plantations during this period. During the early 1960’s liberal
approach was considered advisable in sclecting areas for raising teak plantations as there was
a demand for even poor quality teak. Consequent to this/, tcak plantations were raiscd
extensively.  Further, the initiation of planned development under Five Year Plans
accelerated the plantation activity in Kerala. Plan funds were provided for the establishment
of plantations. Even special teak plantation divisions were formed for intensive expansion
and management of teak plantations. In the year 1922, ‘taungya’ system of raising teak
plantation was introduced. However, it was discontinued in the early 1980°s in view of its

adverse effects on the soil and plant growth (Rao ef al.; 1997). Mixed planting of teak with












classes either Il or III. In terms of stocking, the understocked and overstocked plantations

were 74 per cent based on basal area per ha and 81 per cent based on number of trees per ha.

4.4.3. Thinning and rotation age

Thinning is an important operation to reduce competition between trees for producing
commercially sizeable timber. The prescribed thinning years are 4, 8, 12, 18, 28 and 40
years. However, in practice, there is a variation in thinning years followed. The average
thinning schedule worked out by Jayaraman and Chacko (1997) based on the data obtained

from the records of the Forest Department are at 7, 10, 16, 24, 31 and 35 years.

Rotation age is the time between setting up of plantations and clearfelling of the final crop. It
is mostly determined by the maximum volume production and economic return. In the field,
it varies across geographic boundaries due to factors such as latitude, aspect, altitude, climatic
conditions, site-specific factors, etc. The rotation age of plantation teak in its natural range
has varied between 50 and 90 years, while outside the natural range the rotation age is
between 40 and 60 years (Pandey and Brown, 2000). In general, teak plantations in Kerala

are managed on a rotation age of 50 to 60 years.

4.4.4. Volume estimates

There is a paucity of data on actual yield at harvest of teak from different site quality classes.
The general conclusion arrived at from the available data is that the actual productivity has
often been much lower than that indicated in the yield table. Expected yield in India is 4 to 6
m’ per ha per year over the likely rotation length (Leech, 1998). Mean annual increment
(MATI) obtained from government owned plantations ranged from 2 to 5 m’ per ha and is
often below the potential yield of the site (Enters, 2000). The actual yield obtained from
thinnings and final fellings in Konni forest was reported to be 2.5 1’n3 per ha per year at 70
years (Pandey and Brown, 2000). Estimates of MAI of teak at 60 years including yield from
thinning for different forest divisions were worked out by Jayaraman and Chacko (1997)
based on the data collected from standing crop. The MAI varied from 4.0 m’® per ha in
Kozhikode Forest Division to 2.2 m’ per ha in Kothamangalam Division at 60 years. The
State level MAI was 3.1 m® per ha. Chundamannil (1998) reported actual yield realized from
teak plantations in Nilambur Forest Division during the period 1967 to 1994 based on the
data available in the files of the Forest Department. The MAI ranged from 0.97 to 5.64 m’

per ha with the overall mean of 2.85 m® per ha at 53 years.

4
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4.5. MODELING THE FUTURE AVAILABILITY OF TEAK WOOD
FROM FOREST PLANTATIONS

The mathematical formulation of the idca of projection is as follows.

a;be the area of the /7 individual plantation in ha (i=1,2, ...N). ¢;be the year of planting of the
ith plantation. The projected availability of tcak wood or projected total yield (P,) in a given
projcction year 7 is a sum of the quantum of yield that is obtained from thinning (7,) and

telling (F,) for the given rotation age - and thinning yearj =/,2, ... k.

P!r = Trr + FH'

P

TJ/' = Z /41/ X 1,
f=d
Fio=Anx Vr
where
N
Aj = Z di forall i satisfying the condition ¢;+j =1
i=1
N
Av = Z di for all 7 satistying the condition ¢; + 17 =1
i=1

t;- thinning yiceld (m” per ha) for the given thinning year.

v,- felling yield (m” per ha) for the given rotation age.

!
4.6. FORMULA USED FOR PROJECTING THE FUTURE DEMAND

D.=D.J(1+r) a
where

D, = tcak wood demand in the projection year

D, = teak wood demand in the beginning year (base year)

/
n =number of years between basc year and intended projection year ¢
r=compound growth rate for tcak wood
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4.7. OPTIONS AND ASSUMPTIONS INVOLVED IN PROJECTIONS
4.7.1. Options

In Kerala, the rotation age for tcak generally ranges from 50 to 60 years due to varying
growth attainment. Thercfore, it was decided to make different projections according to three

rotation periods 50, 55 and 60 years.

With regard to felling yield used for projection, the yield as per the All India Yield Table
(FRI, 1970) against site quality 11l was used because majority of the teak plantations in
Kcrala were of site quality Il or site quality [l (Jayaraman and Chacko, 1997). We could
think of two possible variations with respect to yicld due to thinning. The thinning years
considered were 4, 8, 12, 18, 28 and 40 years and the thinning years of 7, 10, 16, 24, 31 and
35 years as worked out by Jayaraman and Chacko (1997) based on the records of the Kerala
Forest Department. The sum of the thinning yicld and felling yield as per the All India Yicld
Table was termed as potential yield. The sum of the thinning yicld as per Jayaraman and
Chacko (1997) and felling yield as per the All India Yicld Table was termed as estimated

yield.

With respect to projection of future demand for tecak wood we relied on the studies conducted
by Krishnankutty (1997, 2005). According to these studics the total demand for teak wood
was 64,000 m” in 1987-88 and 96.000 m’in 2000-2001 showing the annual compound growth
rate of nearly 3.2 per cent over the period of 13 years. On this basis, the future trend in the
demand for tcak wood was projected by considering differential annual growth rate with the
demand estimated in 2000-01 as basc. The different annual growth rates considered were 2

7

per cent, 3 per cent and 4 per cent respectively.
4.7.2. Assumptions

Onc of the important assumptions made in the projection of future availability of teak wood
1s that plantations that are felled during the year will be repﬁ;ntcd in the subsequent ycar. [t
was also assumed that the addition of new tcak plantations during the projection period would
be negligible. This assumption scemed plausible because there was no land available for

extending teak plantations as indicated carlicr.

4.8. RESULTS AND DISCUSSIONS
For the projection purpose, only teak plantations that come under the Territorial Divisions

were considered. The teak plantations belonging to Wildlife Divisions were not considered












5. ANALYSIS OF TIMBER PRICES

5.1. MARKETING OF TIMBER PRODUCTS

The Kerala Forest Department undertakes marketing of various forest produces through
different disposal methods. Timber felled from forests by the Kerala Forest Department are
deposited in Sales Depots and auctioned. There are 33 Sales Depots under six Sales Divisions
distributed over five Forest Circles. The major species which is sold through Sales Depots is
teak. Other timber products such as billets, firewood and poles are sold from dumping depots
in the Forest Ranges, though not on a regular basis. The method of sale is both by tender and
auction. Press-notifications are published in dailies showing venues, dates and probable

quantities of sale in each Division about 15 days in advance.

In Government Timber Depots, sale is normally conducted by the Divisional Forest Officer
of the Timber Sales Division. In other cases it is done by the Territorial Divisional Forest
Officers concerned. Conservator of Forests of the Forest Circle having control over the Sales
Divisions confirms the sale. Conservator of Forests himself conducts sale of Rosewood.
Before announcing the auction, lots are formed comprising different girth classes according

to the species. The prices quoted by the bidders are tabulated and sale is ratified in favour of
the highest bidder.

Bonafide users for the purpose of house construction can directly purchase timber by paying
fixed prices, up to a maximum quantity of 5 m’. This facility is available with five Timber

Depots.
5.2. PRICE ANALYSIS OF TEAK WOOD A

Variation in prices of forest products is one of the main sources of uncertainty in forest
planning. The prices of timber depend on its length, girth and quality. There were instances
where teak fetched very high prices. In the year 2005, a teak log fetched a world-record high
price at the rate of Rs.1.13 lakh per m® at the Central Depot, Aruvakkode, under the Timber
Sales Division of Palakkad Circle. The TVS Group took 31 m’ at a price of Rs.1,00,400 per
m’ for the reconstruction of Vadakkumnathan Temple, Thrissur. Earlier, Krishnankutty
(1989,1998, 2001a, 2001b, 2002) made a significant contribution in the analysis of the past
and future teak wood prices using spline and auto regressive integrated moving average

(ARIMA) models. The details of the trend analysis of past prices and forecasting of future



prices of tcak with the updated data and using latest forecasting techniques are presented in

the following scctions.

5.3. DATA ACQUISITION AND METHODS

5.3.1. Primary Data Source

The data on timber prices were obtained by extensive communications/visits to Timber Sales
Divisions/Timber Depots of the Kerala Forest Department.  The data collected so were
compiled at Divisional lcvel and at State level. The data relating to the period 1943-1994 was
from Krishnankutty (1998) and data relating to 1994-1998 was from Krishnankutty e a/
(2003). Data for the period from 1998 to 2006 was collected and compiled during this

project.

5.3.2. Trends in current and real prices of teak wood

Teak wood is classified into as many as 50 classcs based on mid-girth, length and quality. In
this study, for the purpose of analysis, 5 girth classes, viz., Export class (185 cm and above) ,
Girth class I (150-184 ¢m), Girth class II (100-149 c¢m), Girth class 111 (75-99 ¢cm) and Girth
class IV (60-74 cm) were considered. The weighted average prices per m® were worked out
using the following formula after duly accounting for the quantity of timber sold.

Weighted average price of thcj‘h girth class

;q,,p,,

/ i

>4,

=1

wpP

where ¢ = quantity sold of the " ot belonging to the /" girth class

LY

p, = price of the i" lot belonging to the /" girth class

The changes in current prices may be due to inflation (general price increase) in the economy
of the Country. Theretore, the average annual current prices were converted into average real
prices by deflating of Wholesale Price Index (WPL) witl'the basc year 1993-94. The formula
used for deflating (Croxton et al., 1973) is

) Current Price
Real Price =

Wholesale Price Index

The WPI values for the period 1956- 2006 are available with different base ycars (Office of
the Economic Advisor, Ministry of Commerce and Industry). The latest WPI series is

available for the period 1993-2006 with the base yéar 1993-94. Thercfore, the WPI values for
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the period 1956-1992 were recasted using the back shifting formula (Croxton ef al., 1973)
with the base year 1993-94.

Old WPI of the year
WPI of new base year

Recasted WPI of the year = x 100

5.3.3. Modeling the prices of teak wood using spline model

Lincar regression model is a general model for fitting any relationship between continuous
dependent and independent variables. This includes thc important class of polynomial
regression models. Polynomials are used in situations where the response is curvilincar,
because even complex nonlinear relationships can be adequately modeled by polynomials.
But sometimes it is found that a low order polynomial provides a poor fit to the data, and
increasing the order of the polynomial modestly does not substantially improve the situation.
This problem occurs when the function behaves differently in different parts of the range of x
(independent variable). The usual approach, however, is to divide the range of x into
segments and fit an appropriate curve in each segment. Spline function offers a useful way to

perform this type of piecewise polynomial fitting (Montgomery and Peck, 1982).

Splines are piecewise polynomials of order k. The boundary points of each segment arc
referred to as break points, interior knots or simply knots. Knots give the curve freedom to
bend and more closely follow the data. Splines with few knots are generally smoother than
splines with many knots, however, increasing the number of knots usually increase the fit of
the spline function to the data.

S

A spline with 4 knots, #,< 1,<...< ¢, with continuous first 4-/ derivatives, can be writtcn as
L
k ) h '
E(y):Zﬂ()jxj+Zﬂl('x—f1)+ (])
j=0 i=1

where
(x-1). = <Ox—f,-) if s, /
if x <t
This basic spline model can be easily modified to fit polynomials of different order in cach
segment, and to impose different continuity restrictions at the knots. If all ~+/ polynomial
picces are of order £, then spline model with no continuity restriction is

EG)=Y Byx' +3 3 B, (x-1) @)

j=0 i=l =0
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1s in the model, this

where (.\‘—l,)i =lifx>rand 0if x < 7, Thus if the term 3, (x—1,)
forces a discontinuity at 1, in thcj’/’ derivative of E£(y). If this term is absent, thej’]’ derivative
of E(v) is continuous at #;,, The fewer continuity restrictions required, the better the fit because
morc parameters arc in the model, while the more continuity restrictions require, worse the fit
but smoother the final curve will be. The solution for the cquations | and 2 can be found

using the lcast squarc method.

5.3.4. Identification of best spline model

The price trends were analyzed by fitting different spline models. The knots for the model
were identified by visual examination of trend graphs. The knots tdentified for export class
are k;=1977 and k.=1989. The knots for girth class I, Il and Il arc k;=1967, k,=1977 and
k;=1995. The knots for girth class [V are k;=1977 and k,=1998. Different spline models viz.,
lincar spline, lincar splinc with discontinuities at knots, quadratic spline, quadratic spline with
discontinuitics at knots on first and second derivatives and quadratic spline with
discontinuities at knots were fitted. The least square method was used for estimating the
parameters of the model. The PROC TRANSREG procedure in SAS was used to fit the
models. The best model was sclected based on Root Mean Square Error (RMSE), Adjusted
R", Akaike's Information Critcrion (AIC) and Bayesian Information Critcrion (BIC) (Hair ef
al., 2003).

Sincc the interpretation of quadratic spline is more complicated, linear spline with
discontinuities is used to find the rate of changes of real pricc;iof teak wood in different
periods. The estimated lincar splinc model with discontinuity at the 2 knots k; and &> is given
by
v =L+ Bux+ By (*“ -k )(l + [ (-Y -k, )2 + 5 (x —k, )A + Sy (x —k, )+
[fx <k, the model is

3= P+ Box
Wk <x<k,,

v= Lo+ Pux+ By + /ju(x - kl)
= (ﬂon + /Bm .—ﬂllkl )+ (ﬂm + ﬂl\ )X

and if x > £k,
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y‘):ﬂ()l)+ﬂ()l“\‘+ﬂl()+I[3)2()+I[g]1(”\ﬁ—kl)+lgzl(l‘_k2)
:(ﬁoo + B+ B = Bk, —ﬂllk2)+(ﬁ()l + +ﬂ:|)x

Thus the rate of change of real prices of teak wood with respect to the year x for the period x

<k, k) <x <k;and x > ks are fu;, fos+ i1 and By, + B+ fa1 respectively.

5.3.5. Forecasting of teak wood prices using ANN and ARIMA

A time series is a sequence of observations taken sequentially in time. The succession of
values in a time series is usually influenced by some external factors. [f the information on
the influencing factors is not known, only the past values of the time series itself can be used
to build a mathematical model for forecasting future values. In traditional statistical
forecasting, several models emerged from time to time. The most popular forecasting model
is Auto Regressive Integrated Moving Average (ARIMA) model due to Box and Jenkins
(1994). These mathematical models, however, are lincar and may fail to forecast the turning
points because in many cases the data they model may be highly non-lincar. Recently, therc
have been applications of artificial neural network (ANN) to time series forecasting problems
in variety of fields ranging from forecasting of rainfall to stock market prices (Lin, 1995;
Rech, 2002; Guhathakurta, 2006). This is because ANN is free from assumptions including
linearity and robust to missing observations. In this section, an attempt has been made to
compare the performance of ANN with ARIMA in forccasting prices of tcak wood in
different girth classes.
In this study, two different forecasting modeling approaches were used.

1. Artificial neural network (ANN) model, which is a nf)in-traditional modeling

technique.
2. ARIMA model which is a traditional statistical techniquc.

The elaborate details of the above two modeling approaches are given in Sivaram (2007).

5.4. RESULTS /

S.4.1. Trends in current and real prices of teak wood

Tabe 5.1 provides the current prices of teak wood for the recent years. Among the five
different spline models fitted for the real prices, linear spline with discontinuities at the two
knots is the best model for export class and girth class IV. The quadratic spline with

disc: woaultics s:7he tares ¥ T D Tt molel for g flazeas o1l and il Trhe functions
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classes arc given in table 5.2. The observed and predicted real pfices arc presented in Fig.
5.1. The rate of changes of rcal prices of tcak worked out using linear splinc model in
different girth classes are given in Table 5.3.

Export class (1970-2006) »

The trends in real prices of tcak wood in export class based on lincar spline model showed an
increasing trend for the entire period. The rate of changes in different periods, x <7977, 1977
<x <7989 and x > 1989 arc given by 196, 562 and 243 respectively.

Girth class I, I and 111 (1956-2006)

With regard to girth class I, I1 and IlI, there was a decline in real prices during 1956-1967,
then an increasing trend from 1968 to 1995 and then a decreasing trend in real prices during
1996-2006. All these three classes showed a rapid increase in prices for the period 1977-1995
and the rate of change is ranged from 467 to 943.

Girth class 1V (1970-2006)

As in the case of export class, the real prices of girth class IV also showed an increasing trend
for the period 1970 to 2006 and the rate of increasc ranged from 56 in 1999-2006 to 328 in
1977-1998.

[n general, there was no increase in real prices of teak wood since 1995; in fact therc was a
negative growth rate. However, of late, the prices of teak wood is picking up in the market.
Most of the teak wood produced and sold in a ycar was in Girth Class Il and Girth Class III
and generated most of the revenue from teak wood. The trends in these classes indicated the
impact of government polices and acts. The National Forest Conservation Act, 1980 banned
clear felling from natural forests and therefore the reduced supptly led to the price rise during
1980°s. The accelerated positive growth in prices during the laterpart of 1980°s and the first
part of 1990°s could be due to the Kcrala Preservation of Trees Act, 1986 and the National
Forest Policy, 1988 and stoppage of sclection felling since 1987. The decline in real prices
since the year 1995 could be due to globalization, illcreg§ed wood import and availability of
wood substitutes duc to technology innovations. The fncrease in real prices of teak wood

since 2005 could be due unprecedented growth in real estate sector.
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Table 5.1 Current prices of teak wood in Kerala (1999 to 2006)

Unit: Rs./ m*
Girth ]
| 19992000 | 2001 | 2002 | 2003 | 2004 | 2005 2006
Export | 33602 | 32687 | 40680 | 40457 45896 | 44746 | 65263 | 57270
1 31185 | 33649 | 37643 | 38627 | 42349 | 42237| 57533 | 48937 |
11 26220 27053 | 30270| 30496 | 31261 | 30962 | 42636 | 44295 |
1 19732 | 21180 | 21735 22088 | 21598 | 21903 | 28998 | 33174 |
v 15266 | 15972 | 15891 | 17129 | 15350 | 16480 | 19795 | 24638

Table 5.2 The functional form of the chosen spline modcls for describing the real prices of
tecak wood in different girth classes for the period 1956 - 2006

Girth Spline .
Class Model Functional form
Linear spline |, _38)155+195.63x +3903.48(x = 1977)" +6645.12(x - 1989)" +366.77(x —1977).
Export | WM 1T 29(x — 1989)
discontinuity A -
Linear spline | ¥ =337281-169.19x-544.42(x -1967) +2041.17(x ~1977)] —474.48(x - 1995}’
with 1 1316.09(x = 1967). +795.66(x —=1977), —1026.75(x —1995)
discontinuity ‘
I 3= —62892247 + 64302 x —16.43x7 = 368.15(x —1967)" +3850.57 (v ~1977)"
Quadratic -
spline with +4157.39(x - 1995)" +559.38(x —1967). +324.45(x —=1977) —3769.16(x ~1995).
discontinuity | +10.75(x - 1967)7 =33.18(x - 1977)" +162.09(x - 1995 )*
Linear spline | v =174115-86.51x =915.09(x = 1967) +2607.52(x ~1977) +1333.84(x - 1995)’
with 1 1243 72(x - 1967), +560.12(x =1977), =991.69(x —1995),
discontinuity
1l v =-61025858 + 62315x - 15.91x —750.14(x = 1967 ) +2494.33(x - 1977 )"
Quadratic )
spline with | * 7238:31(x=1995)" + 482.02(x - 1967) .+ 666.62(¢-1977) —3607.68(x ~1995)
discontinuity | +10.15(x ~1967)° +2.88(x =1977 )" +224.95(x - 1995)’
Linear spline | v = 162666 —81.23x~423.11(x - 1967 )" +2785.35(x =1977)" +2649.81(x - 1995 )"
with +210.28(x —1967). +338.08(x —1977). —921.53(x —1995)
discontinuity /
111 v =-18370964 + 18816 x —4.82x" ~ 454.24(x - 1967 )] +958.11(x - 1977 )’
Quadratic ‘
spline with |+ 9245 90(x =1995 ) +322.98(x = 1967 )_ +954.66(x = 1977 ), —2832.74(x - 1995 ).
discontinuity | ~0.61(x ~1967 ). = 24.45(x = 1977 )7 + 231.48(x - 1995 );
Linear spline | v =-378594+193.18x + 2019.01(x ~1977)" - 2428.85(x ~1998) +134.95(x - 1977),
v with

discontinuity L

~272.18(x ~1998). J
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¢) Girth class 11 (Quadratic spline with discontinuity)
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e} Girth class IV (Linear spline with discontinuity)
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Fig 5.1 Predicted prices of teak wood using spline models for different girth classes
a) Export class b) Girth class I ¢) Girth class 11 d) Girth class U1 e) Girth class IV

Table 5.3 Rate of change of real prices of teak wood in different girth classes

Sllarzg Poi Boirt B Bort it P Lot Pt Bt s
Export <1977 1977 < x < 1989 X >1989.
196 562 243
X< 1967 1967 <x< 1977 | 1977 <x< 1995 x>1995
I -169 147 943 -84
1 .87 157 717 274 |
11l 81 129 467 454
v <1977 1977 <x < 1998 £>1998
193] 328 56




5.4.2. Forecasting of teak wood prices ‘

Among the ARTMA and ANN models, ARIMA model was chosen for forecasting because
forecasting by ANN model was not sensible from the practical point of view despite ANN
with log transformed prices showing lesser MAPE value than the ARIMA model. The exact
forecasting of current prices for the year 2007 for five broad girth classes is given in Sivaram
(2007). The forecasts indicated that the higher girth classes, viz., Export class (185 ¢cm and
above), Girth class I (150-184 ¢cm) would fetch high priées than the lower girth classes might
be due to higher demand for quality teak wood (Table 5.4). This means that that the high
quality teak wood would fetch high returns in the market. Therefore, efforts should be made

to produce quality teak wood.

Table 5.4 Forecasted percentage increase in Teak wood prices using ARIMA model

Girth Class Current Price Forecasted Current Price Percentage
(Rs/m’) -2006 (Rs/m?) -2007 increase
Export 57,270 (1437) 69,830 (1753) 21.9
Girth Class 1 48,937 (1228) 56,834 (1426) 16.1
Girth Class 11 44.295(1112) 46,231 (1160) 4.4
Girth Class 111 33,174 (833) 34,783 (873) 4.9
Girth Class IV 24,638 (618) 25,949 (651) 53

US dollar equivalent is provided in parentheses (1 US § = 39.845 INR)

5.5 PRICES OF OTHER TIMBER SPECIES

Tables 5.5 and 5.6 provide the current and real prices of/selected timber species. Though
there is an increasing trend in the current prices, the real prices remained more or less same
except for mahogany. In general, there has not been much increase in the prices of timber.
This indicates that the demand for timber has not been increasing, might be due to substitute

materials available in the market.




Table 5.5 Current and real prices of selected timbers in Kerala (1999-00 to 2005-06)

41

Unit: Rs./ m’

Anjili Trul Maruthu Chadachi
Year Current Real Current Real Current Real Current Real
Prices Prices Prices Prices Prices Prices Prices Prices
1999-00 4960 3414 5902 4062 5816 4003 5357 3687
2000-01 7215 4634 7404 4755 6493 4170 5014 3220
2001-02 12000 7440 8618 5343 6880 4265 6163 3821
2002-03 10766 6454 8632 5175 5900 3537 8201 4917
2003-04 12929 7350 8589 4883 5882 3344 9814 5579
2004-05 13396 7152 9585 5117 6967 3720 10038 5359
2005-06 13737 7023 10870 5557 8487 4339 11028 5638
Thembavu Venteak Mahogany Jack
Year Current Real Current Real Current Real Current Real
Prices Prices Prices Prices Prices Prices Prices Prices
1999-00 5807 3997 6012 4138 8508 5855
2000-01 6148 3949 5810 3732
2001-02 11370 7049 7434 4621 9251 5735
2002-03 6741 2041 7433 4436 7207 4321
2003-04 6865 3903 7688 4371 10304 5858 6721 3821
2004-05 9457 5049 8474 4524 15287 8162 5362 2863
2005-06 8633 4425 9823 5022 16495 8433 9356 4783
Table 5.6 Current and real prices of rosewood in Kerala (1999-00 to 2005-06)
Unit: Rs./ m’
Rosewood Exp Rosewood | Rosewood 1 , Rosewood [11 Rosewood IV
Year Current Real Current Real Current Real Current Real Current Real
Prices Prices Prices Prices Prices Prices Prices Prices Prices Prices
1999-00 92638 63756 55044 37883 335359 24335 21081 14509
2000-01 123286 79182 26692 | /17143 34880 22402 14762 9481
2001-02 94662 58687 50051 31030 30672 19015 18503 11472
2002-03 | 240000 | 143885 48637 29159 19191 11505 12838 7697
2003-04 | 165500 94088 70867 40288 44811 25475 24230 13775 17048 9692
2004-05 67500 36038 63328 33811 38141 20364 30370 16215 15846 8460
2005-06 110286 36383 67866 34696 39256 20070 21228 10853




6. GENERAL OBSERVATIONS

A forestry statistical database at the Statc level is very important to know the trends in
forestry sector in the State. This will in turn contribute to the development of national level
databasc. Though the necessary action at the national level is happening, unless State Forest
Departments are strengthened in creating and developing its own forest management

information system and the database, the data will not flow for national level compilation.

There arc certain problematic arcas in the collection of forestry statistics which need to be
addressed through policy decisions and managerial interventions. There are quite a lot of
estimates which are underestimated with respect to fire occurrences and arca affected and
extent of grazing and unauthorized collection of non-wood forest products. These are often

not fully covered and reported by the field personnel or are mostly incomplete.

There are also details which are not recorded at the ground level though they can be made
available. For example, exact details of site quality, timber extracted through thinning and

felling are not properly recorded in Plantation Journals.

The non-reporting and underreporting severely affects the interpretation of recorded figures
and its further use. For example, in GDP estimation. the value of the unrecorded production
of NWFPs is considered as 10 times the value recorded by the State Forest Departments

(Kolli and Rajeswari, 2008).

The required data need to be made available to evaluate the programme implementation such
as afforestation/reforestation/social forestry, etc. There is no data available in the public

domain on survival status of the plants/ success rate of the new plantations raised.

f 3

There are also areas (e.g. wood industries, export and import of forest products) which do not
directly come under the jurisdiction of the State Forest Department but data are required for
planning purpose. This calls for the linkage between the departments to improve the existing

official statistics. S

Collection of data from different sources by any single individual/group of individuals from
various departments is a herculean task. The research institutes should essentially be involved
in the methodology development and productive analysis of data and draw conclusions for
policy development. These institutes should also be encouraged to takeup subsidiary studies

which would complement the official forestry statistics.




The other gencral issues often cited and also highlighted in an carlier report (Sivaram, 2004)

include the tollowing

o Lack of coordination between the agencies

o Non-availability of sufficient, usable and timely information

o Inadecquate usage of forestry statistics

o Capacity building and

o Lack of feedback system
However, the immediate need is that the Ministry of Environment and Forcsts and State
Forest Departments need to resolve the procedural difficulties and take necessary actions to
promotc genuine reporting of forestry data so as to improve its quality. Simultaneously,
government should encourage development/strengthening of forest management information
system and forestry database and data mining activities so that data bccome useful

information for forest managers and policy makers.
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