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The Survey Department, which started in 1800,
has completed 222 years on August 2 this year.
If we look back at our journey till now, it is no
secret that surveying officers in the early stages
carried out survey work in our motherland with
very bitter experiences.

At the past, the surveyors of our department
carried out surveying with the Plane Table,
Cradle & etc. survey equipment of the using
chains, tapes. This year, the department
completes 222 years and with the technological
advancements that have taken place at that
time, many new surveying instruments have
been produced around the world, of which the
UAV & GNSS instruments used in our
department have also been included here. By
using the modern surveying equipment, all
survey activities are done in the form of digital
data.

The cover page shows how we have progressed
from the surveying instruments used in the past
to the new surveying instruments produced
with the technological advancements used
today.

Cover page designed by Typographic
Branch, S.G.O.
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Administrative Units
Provinces and Districts of Sri Lanka

by
Dr.K.Thavalingam, Retired Surveyor General

1.0 Introduction

The country was first divided into several administrative units during the Anuradhapura
Kingdom. The kingdom was divided into three provinces; Rajarata, Ruhuna and Malaya Rata.
These were further subdivided into smaller units called rata. Over time, the number of
provinces increased, but the second-level administrative division continued to be the rata.
However, with the country eventually being divided into more than one kingdom and with
foreign colonial missions landing and taking parts of the country under their control, this
structure began to change. The territory of the Kotte Kingdom was organized into four
Dessavonies (disavas), which were further subdivided into forty korales. The korales had their
own civil and military officials with a small militia. The Jaffna kingdom appears to have had a
similar administrative structure to this with four provinces.

When the Portuguese took over parts of the country after their arrival in 1505, they maintained
more or less the same administrative structure followed by Sri Lankan rulers. During the Dutch
rule in the country, the terrain under their control was divided into three administrative
divisions. These were subdivided into disavas as in earlier systems. The British initially
continued this system, but following reforms in 1796 to 1802, the country was divided
according to ethnic composition. The current system of administrative demarcation is a gradual
development of the provincial demarcation established in 1833 by the British rulers.

2.0 Establishment of Provinces of Sri Lanka

As mentioned last paragraph, after the British took control of the entire island of Ceylon in
1815, it was divided into three ethnic based administrative structures: Low Country Sinhalese,
Kandyan Sinhalese and Tamil. In 1829, the British established the Cole brooke-Cameron
Commission to review the colonial government of Ceylon, including its administrative
structures. The Commission recommended that the existing three ethnic based administrations
be unified into a single administration divided into five geographic provinces. Accordingly, on
1 October 1833 five provinces under one administration and its boundaries are delimitated as
follows:

e Western Province: - composed of, up to that time known as, the maritime districts of
Colombo, Chilaw and Puttalam, and known as the Dessavonies of Three Korales, Four
Korales, and Seven Korales and as the Province of Lower Bulathgama.

e Central Provinces: - composed of, up to that time known as, districts of Kandy,
Yattinuwera, Udunuwera, Harisiapattee, Tumpane, Dumbere, Hewahette, Kotmale,
Upper Bulathgama, Weyelcowa, and as the Dessavonies of Uva, Matelle, Udapalata,
and Wallapana.


https://en.wikipedia.org/wiki/Jaffna_kingdom
https://en.wikipedia.org/wiki/British_Ceylon
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Southern Province:- composed of, up to that time known as, the maritime districts of
Galle, Hambantotte, Matara and Tangalle, and as the Dessavony of Saffragam; and as
provinces of Lower Uva, and Welasse.

Northern Province:- composed of up to that time known as, the maritime districts of
Jaffna, Mannar and the Vanny, and as the Dessavony of Nuwerekalawiye and as the
Island of Delft.

Eastern Province: - composed of up to that time known as, the maritime districts of
Batticaloa and Trincomalee, and as the provinces of Bintenna and Tamankadewe.

Over the next fifty years the administrative and fiscal functions of the provincial administration
were expanded and four additional provinces were created, taking the total number to nine:
Those four provinces are given below.

North Western Province was created in 1845 from northern part of Western Province
(districts of Chilaw, Puttalam and Seven Korales - carved out from western Province).

North Central Province was created in 1873 from southern part of Northern Province
(district of Nuwerekalawiye) and north-western part of Eastern Province (district of
Tamankaduwa), and the Devala Pattu of the Seven Korales.

Uva Province was created in 1886 from parts of Central Province, Eastern Province
(district of Bintenna) and Southern Province (district of Wellassa).

Sabaragamuwa Province was created in 1889 carved out Western Province.

The maps show the changes of the provincial boundaries since year 1833.

S Provinces , 6 Provinces .

.- - - -

1833-1845
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7 Provinces:,,

-

8 Provinces '«
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1873-1886 1886-1889
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3

1889- Present

3.0 Districts

Thus, in 1889 there were 9 provinces. Since
then, the provincial composition has remained
unchanged except for occasional boundary
adjustments. Provinces are the first level
administrative divisions in British rulers of
Ceylon.  Over the next century most of the
administrative functions were transferred to the
districts, the second level administrative
divisions. (By the middle of the 20th century the
provinces had become merely ceremonial. This
changed in 1987 when, following several
decades  of  increasing demand  for
decentralization, the 13™ Amendment to the
1978 Constitution of Sri Lanka established
Provincial Councils). When the 5 provinces
were established in 1833, each province was
constituted of several districts and there were 23
districts in all.

District boundaries have undergone frequent changes form time to time. In 1871, there were
18 districts. Those were (1) Colombo, (2) Kandy, (3) Matale, (4) Nuwara Eliya, (5) Badulla,
(6) Galle, (7) Matara, (8) Hambantota, (9) Jaffna, (10) Mannar, (11) Mullaitivu, (12)
Batticaloa, (13) Trincomalee, (14) Kurunegala, (15) Puttalam, (16) Anuradhapura, (17)

Ratnapura and (18) Kegalle.

Subsequently, Negombo, Kalutara and Vavuniya districts were created in 1875,1876 and 1879
respectively. Therefore, there were Twenty-one districts in 1881.

11
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In November 1887, the Puttalam District of North-Western Province was divided into two as
Puttalam and Chilaw districts. Therefore, the island was divided into twenty two distrcts at the
census of population 1891.

In 1875, Negombo district was consituted with Alutkuru and Hapitigama korale detached from
the Colombo district. This lifetime of this district was 21 years for it was reallocated to
Colombo district in 1896. The district of Vavuniya was abolished in 1898 and the boundaries
of all districts in the Northern Province were adjusted. In this adjustment process the
Thunukkai division was detaced from Mullaitivu district attached to Jaffna district. The
Panankamam division of Vavuniya district was attached to Mantai division of Mannar district.
The rest of the Vavuniya district was attached to the Mullaitivu district. As a result of
integration of Negombo and Vavuniya districts into other districts there were twenty districts
in 1901.

This district composition lasted until 1953, except for occasional boundary changes and a
change of name, the Mullaitivu district was renamed Vavuniya when the Head Quarters of the
district administration was moved from Mullativu AGA Division to Vavuniya AGA Division
in 1930s. But in 1% October 1953 Polonnaruwa district was created by elevating the
Thamankaduwa AGA Division of the Anuradhapura district to district status. At the same time
Chilaw and Puttalam were integrated into one district.

In 1955, the district replaced the province as the country's main administrative unit. In 1959,
Monaragala district was created by carving out Wellawaya, Buttala and Wellasss Division,
from Badulla district of Uva Province. The district of Ampara was established on 10 April
1961 by carving out from Batticaloa district. These changes had resulted in twenty two districts
at the time of the 1963 census of population, and they remained unchanged until the 1971
census.

All changes in the administrative districts since 1971 are listed here. In September 1978, two
new districts Gampaha and Mullaitivu were created. Gampaha was carved out from Colombo
district by taking its AGA divisions north of Kelani River. These included Negombo,
Minnuwangoda, Wattala, Ja-Ela and Kelaniya AGA divisions.  Maritime Pattu and
Puthukudyiruppu AGA divisions of Vavuniya district, Manthai East AGA division of Mannar
district and part of Thunnukkai AGA division from Jaffna district were amalgamated to create
Mullaitivu district. With the addition of Gampaha and Mullaitivu to the list of districts, there
were 24 districts at the time of the 1981 census. In February 1984, Kilinochchi district was
created by carving out of the southern part of Jaffna District. Presently there 25 districts in Sri
Lanka.

Besides the creation of new districts, boundaries of several other districts namely, Kandy,

Nuwara Eliya, Moneragala, Ampara, Anuradhapura and Trincomalee, were changed as
follows.
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(1) Udahewaheta AGA Division was transferred from Nuwara Eliya district to Kandy district
with effect from 11 January 1979, but it was returned to Nuwara Eliya district with effect from
22 September 1980.

(2) Bintenna Pattuwa North and Bintenna Pattuwa South AGA Divisions were detached from
Ampara district and attached to Moneragala district with effect from 10 April 1961, but they
were returned to Ampara with effect from 1.3.1977.

(3) Tennamarawadi and Pulmuddai Gramasevaka Divisions of Kuchchaweli AGA Division
and Paranamedavachchiya, Gramasevaka Division of Gomarasankadawala AGA Division
were detached from Trincomalee district and attached to Padaviya AGA Division of
Anuradhapura district with effect from August 1972.

(4) Padavi Sripura, Tennamarawadi, Paranamedavachchiya, and Pulmuddai Gramasewaka
Divisions of Padaviya AGA Division were detached from Anuradhapura district and attached
to Trincomalee district with effect from 13 May 1982,

The hierarchy of administrative sub-divisions within districts are the Divisional Secretariate
divisions (former Assistant Government Agent (A.G.A.) divisions), Grama Niladhari (former
Grama Sewaka) Divisions and villages.

In Sri Lanka’s national administration system (NAS), the smallest administrative unit is a
Grama Niladhari Division (GND). GNDs are grouped into Divisional Secretariats (DSs). DSs
combine to form administrative districts (Districts), the largest administration units. This NAS
is used to collect demographic and environmental information across the country. Such
information is collected from the smallest units, GNDs. Thereafter, this information can be
collated to the required level of aggregation, either by DS, District or Province.

The Grama Niladhari is the public administration officer responsible for administration of a
GND. Currently, Sri Lanka has 14,022 GNDs. According to the last Census of Population and
Housing of 2012 (Census 2012), the average population and land area per GND amounted to
1,452 persons and 4.7 km?, respectively.

— _— T
Science is organized knowledge. Wisdom is

orqganized life. ---Immanuel Kant---
—— / —
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Development of Global Geopotential Models (GGMSs) and their suitability
in regional/ local geoid modeling

Dr. H.M.I. Prasanna

Senior Lecturer, Department of Surveying and Geodesy, Faculty of Geomatics,
Sabaragamuwa University of Sri Lanka, Belihuloya 70140, Sri Lanka

Email: indika@geo.sab.ac.lk

Background

The mass distribution of the Earth is not homogeneous. It comprises surface features such as
mountains, plains, rivers, oceans, valleys, trenches as well as sub-surface or internal mass structures
like core and mantle. The inhomogeneity of the Earth’s structure causes the variation of its gravity
which is a very useful tool especially to disclose internal mass structures. Also, gravity data can be
used to explain various engineering and environmental problems such as determining surface or near-
surface soil layer thickness and its moisture content (Niu et al., 2007) and detection of buried tunnels,
caves and sinkholes (Kaufmann et al., 2011). In addition, on a global scale, understanding the details
of the Earth’s gravity field is crucial in satellite navigation and its applications in military missions.
From a geodetic point of view, one of the fundamental applications of the Earth gravity is to
determine the shape of its surface. The most reasonable figure of the Earth is defined as the geoid.
According to Gauss-Listing’s definition, geoid is defined as “the equipotential surface of the Earth’s
gravity field” which coincides with the mean sea level of the oceans. “Averaging the ocean surface
over time (at least over one year) or modeling ocean tides, provides mean sea levels (MSL) for the
corresponding time interval” (Torge, 2001). According to C.F. Gauss, the geoid is the “mathematical
figure of the Earth” (Heiskanen and Moritz, 1967) though it is difficult to determine the exact
analytical expression of the geoid. At present, precise geoid determination has become more
important due to the development of Global Navigation Satellite Systems (GNSS). The GNSS and
space/air-borne radar systems (satellite altimetry, LIDAR and SAR), the capability of obtaining
horizontal and vertical positions at any point on land or sea has significantly been improved.
Therefore, the geoid height (N) and the ellipsoidal height derived from GNSS measurements (h) can
be used to obtain the orthometric height (H), simply called the MSL height, without sprit-levelling

process which is exhausting and time consuming (h = H + N).

The establishment of precise local/regional geoids has been an important geodetic task for many
national or regional surveying agencies (Smith and Milbert, 1999; Vergos and Sideris, 2002;
Véronneau and Huang, 2007). One of the conventional methods for precise geoid determination is to

use gravity observation, by means of well-known Stokes integration with a remove-restore technique.
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In this approach, the geoid undulations due to long wavelength gravity field variations ( N, ) are

estimated by a Global Geopotential Model (GGM) and the short wavelength parts ( N, ) are obtained
from a regional topographic model. The remaining medium wavelength features of geoid undulation (

N ag ) @re estimated from regional gravity measurements (Figure 1).

N +N g

\ o~
/

Smoothed geoid from GGM N,

M

o Detailed geoid N\, + N, + N,

Ellipsoid
I

Figure 1: Detailed geoid and contributions of its different components

GPS-levelling points can be used to remove the potential systematic bias of gravimetrically
determined geoid (zero degree effect). In recent years, the use of high resolution GGM for
local/regional geoid determination has become an area of interest in geodesy (Hirt et al., 2010). GGM
represents long wavelength gravity field variations of the Earth, and thus a GGM itself can be used as
a precise low resolution geoid model. The long wavelength gravity field structures are identified as
features at spatial scales longer than or equal to 0.5 degree (wavelength of 1 degree). Short
wavelength gravity field structures are denoted as features at spatial scales shorter than or equal to 5
arc minutes. The remaining structures in between these spatial scales are referred as medium

wavelength gravity field features.

Development GGMs

Numerous GGMs have been developed to date. They can mainly be categorized according to the time
of their formation or constructing methodology. Based on the methodology, GGMs can be classified

into three groups: satellite-only, combined and tailored.

Satellite-only GGMs are derived solely from satellite gravity obtained by analysing the orbits of
artificial satellites. In the early stage, the precision of these GGMs are limited due to various reasons

such as decrease of power of the gravitational signal with altitude, poor satellite orbit tracking,
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incorrect modeling of atmospheric refraction, and mixing of non-gravitational and gravitational signal
(Featherstone, 2002). However, with the launch of gravity dedicated satellite missions (CHAMP (in
2000), GRACE (in 2002) and GOCE (in 2009)), these issues have been addressed (Rummel et al.,
2002).

Combined GGMs are derived by merging satellite gravity with land, ship-tract and marine gravity
anomalies derived from satellite altimetry through normal equations with the potential coefficients as
parameters (Rapp, 1998). The precision of these GGMs are also limited owing to above mentioned
factors, and in addition, systematic errors in land gravity data and offsets between different vertical
datums (Featherstone, 1998). As a result of this, the accuracy of combined GGMs is different from
region to region, and hence proper selection is necessary in incorporating combined GGMs for local

geoid modeling.

Tailored GGMs are an extended version of satellite-only or combined GGMs, in which harmonic
coefficients of satellite-only/combined GGMs are adjusted and extended to higher degrees by using

additional gravity data (land, marine or airborne) which may not necessarily have been used before.

Early Development of GGMs

The era of GGM development before launching gravity dedicated satellite missions (CHAMP,
GRACE and GOCE) can be considered as an early approach. Kaula (1966) implemented a procedure
of combined GGM, in which a global set of terrestrial gravity data was used to adjust satellite derived
gravity through orthogonality relationships. He employed 5° mean area anomalies with satellite-
derived potential coefficients to construct a GGM, completed to degree 12. In contrast, Rapp (1969)
described a modeling procedure combining 5e terrestrial gravity anomalies with satellite derived
gravity through least-squares adjustment forming normal equations, in order to produce GGM,

completed to degree 14.

The first satellite-only model (GEM-1) in GEM series, completed to degree 12 was developed at
NASA by Lerch et al. (1972). This was upgraded as a combined model (GEM-2), completed to degree
16, merging Se land gravity anomalies through least square adjustment. The rest of GEM series
models were developed in a short period of time with increased data availability and advanced
computer facilities, and among them GEM-10C model (Lerch et al., 1981) was completed to degree
180. Some theoretical developments of geopotential modeling were undergone during this time such
as incorporating quadrature procedure for deriving harmonic coefficients in combined solution, using
proper boundary value condition related to gravity anomalies, integrating surface or discrete gravity

anomalies.

In the 1980’s, geopotential modeling activities were further developed with a large number of

satellites, improved land gravity data sets and satellite altimeter data (GEOS-3 , SEASAT and
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TOPEX/Poseidon). OSU81 model (Rapp, 1981) was developed using a large number of terrestrial
gravity and altimeter data (SEASAT) together with satellite gravity. This was completed to degree
180 and since then a number of OSU series of GGMs were formed. Rapp and Cruz (1986) described
the first GGM solution to degree 360 employing global 30’ x 30’ gravity anomaly data (OSU86E, F),
and later two more OSU GGMs (OSUB89A, B) to degree 360 were developed (Rapp and Pavlis, 1990).

Starting early in the 1990’s, development of GGMs were rapidly increased. Series of GRIM4 satellite-
only and combination models were constructed in Europe (Schwintzer et al., 1991). OSU series
continued with OSU91A model which was complete to degree 360. Three JGM models were
developed with TOPEX/Poseidon altimeter and DORIS tracking data by NASA and University of
Texas and Austin (Tapley et al., 1996). With the theoretical development of least-squares adjustment,
Gruber and Bosch (1992) formed DGFI92A model, completed to degree 360, with GEOSAT altimeter
data. Several tailored GGMs have also been developed during this time. Li and Sideris (1994)
constructed a degree 500 tailored model (OSU91AT) using 5'x5' gravity anomalies in Canada
starting from OSU91A model. Beginning from the same model, Huang et al. (1996) described a
degree 360 tailored model DQM94 employing on upgraded set of gravity anomalies for China. Tapley
et al. (1997) presented TEG-3 combined model, completed to degree 70, with new satellite tracking
data. The EGM96 model, completed to degree 360, was implemented by Lemoine et al. (1998). New
satellite tracking, land gravity and altimeter data (GEOSAT, ERS-1) were incorporated in the
formation of this model. In addition, fill-in gravity anomalies were also used for areas with poor data
coverage. With the same precision of EGM96 in land geoid modeling and improved accuracy in
marine geoid modeling by incorporating Dynamic Ocean Topography (DOT) field implied by
POCM_4B circulation model, PGM200A model was implemented by Pavlis et al. (2000).

Recent Development of GGMs

With the advent of recent gravity dedicated satellite missions (CHAMP, GRACE and GOCE), the
long wavelength gravity field modeling of the Earth is possible with remarkable accuracy. Numerous
GGMs have been developed to date with these improved satellite gravity information, enhanced land
gravity and satellite altimeter data. These GGMs can be categorized into: CHAMP-only (for instance,
TEG4, EIGEN-1S, EIGEN-2, EIGEN-CHAMPO03Sp), GRACE-only (ITG-Grace03, EGM2008),
GOCE-only (GO_CONS_GCF_2_SPW_R?2), and their combinations with terrestrial gravity and
altimeter data (for example, EIGEN series: EIGEN-51C, EIGEN-6C, EIGEN-6C4 and GECO, SGG-
UGM-1/2).

All developed GGMs to date are available at http://icgem.gfz-potsdam.de/ICGEM/ICGEM.html.
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High Resolution GGMs

The first high resolution GGM was the Earth Gravitational Model 2008 (EGM2008) which was
publicly released by the U.S. National Geospatial-Intelligence Agency (NGA) EGM Development
Team in  April 2008 (Pavlis et al, 2008, 2012: http://earth-info.nga.mil
/GandG/wgs84/gravitymod/egm2008/ index.html).The development of this model is a major

achievement in global gravity field modeling. It completes spherical harmonic degree and order 2160,
and provides some additional coefficients up to degree 2190. These represent gravity field quantities

EGM

e~ 10 arc minutes), which equate to

with wavelength approximately 10 arc minutes (4 =360/n

EGM
max

spatial resolution of 5 arc minutes (Ax=180/n ~ 5 arc minutes (9 km depending on the

latitude). Hence, any gravity field quantities with spatial scale larger than 5 arc minutes are supposed
to be represented by this model. A comprehensive description of the model formation by integrating
different data types (for example, satellite gravity, area-mean 5 arc minutes terrestrial free-air gravity,
satellite altimetriy, etc.) and methodologies have been given by Pavlis et al. (2012). Figure 2 shows

the global variation of geoid heights generated by EGM2008 model.

Meters [m)
[ e O - s =

Figure 2: EGM2008 geoid heights interpolation on 2.5x2.5 minutes grid.

Since then, there were many high resolution GGMs have been developed such as EIGEN-6C4 (2014);
GECO (2016), SGG-UGM-1 (2018); SGG-UGM-2 (2020), etc. These GGMs represent gravity field
guantities with wavelength approximately 10 arc minutes, which equate to spatial resolution of 5 arc
minutes, depending on the latitude. Hence, any gravity field quantities with spatial scale larger than 5

arc minutes are supposed to be represented by these models.
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Selection of the best GGM over a local area: a case study in Sri Lanka

For this analysis, five high resolution GGMs which have been released to date were utilized:
EGM2008 (2008); EIGEN-6C4 (2014); GECO (2016), SGG-UGM-1 (2018); SGG-UGM-2 (2020).
These models were tested against 3 gravity field functions, such as absolute gravity, Bouguer gravity
anomaly and geoid undulation. Two study areas of Sri Lanka; Jaffna and Bandarawela, representing
flat and rugged terrains with recently observed gravity data were used for validation of the global
models. The GPS-levelling heights of the fundamental benchmarks (FBM) obtained from the Survey
Department of Sri Lanka were used for geoid undulation test. The ground gravity observations were
made using Scintrex CG-6 auto gravity meter. 171 ground gravity observations in Bandarawela and
267 observations in Jaffna were used for the analysis. The variation between the observed gravity

functional and model values is shown in Figure 3.

According to the Figure 3, smooth variations of gravity and Bouguer anomaly in Jaffna and high
fluctuation in Bandarawela can be seen. This is the omission error of global models mainly due to the
rugged mountainous masses which can’t be represented by the global models. The Variation in Geoid
undulations in both regions show a common bias around 1.6 m. As proven in statistics (Table 1),
SGGUGM-2 model (Liang, W. et al. 2020), which comprises the combined satellite gravity
information of GRACE and GOCE, shows a better agreement with all three observed values in terms

of Standard deviations.

Table 1: Statistics of the difference between model and observed gravity field functional

Bandarawela

Model (degree and Gravity difference (mGal) Bouguer anomaly difference (mGal) Geoid height difference (m)
order 2159) Mean STD Mean STD Mean STD
EGM2008 -317.744 13.459 2.006 1.346 -1.668 0.145
EIGEN-6C4 -318.705 13.501 1.047 1.387 -1.641 0.188
GECO -316.624 13.538 3.118 1.425 -1.667 0.138
SGGUGM-1 -323.965 19.085 -1.28 6.158 -1.662 0.115
SGGUGM-2 -316.096 13.455 3.647 1.342 -1.678 0.067
Jaffna
Model (degree and Gravity difference (mGal) Bouguer anomaly difference (mGal) Geoid height difference (m)
order 2159) Mean STD Mean STD Mean STD
EGM2008 47.109 0.815 16.719 0.853 -1.656 0.083
EIGEN-6C4 49.355 3.101 18.957 3.003 -1.659 0.035
GECO 47.058 1.969 16.673 1.889 -1.696 0.023
SGGUGM-1 46.494 4.54 16.321 4.487 -1.689 0.021
SGGUGM-2 46.563 0.305 16.202 0.397 -1.777 0.021
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Fig. 3: variations between observed and model gravity functional (Gravity, Bouguer anomaly and

geoid height)

Conclusion

Global high resolution GGMs are important source of information that can be utilized for many

geodetic and geophysical applications.

For local/regional geoid determination, it is beneficial to choose the most appropriate GGM which

best fits the local gravity field as the basis for local or regional geoid model determination. This will

reduce the geoid distortions caused by the truncation of Stokes formula for a spherical cap.
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As a case study, five high resolution GGMs are evaluated against the ground gravity and GPS-
levelling data in Sri Lanka. . Analysis of gravity and Bouguer anomaly revealed that the global
models are not capable of representing features in rough mountainous areas, but fitted quite well with
flat terrain. Overall, recently released SGGUGM-2 model shows a better agreement with ground

gravity and GPS-levelling data in Sri Lanka.
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Don’t limit yourself.
Many people limit
themselves to what
they think they can do.
You can go as far as
your mind lets you.
What you believe,
remember, you can

achieve.
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ENCROACHMENT FROM COARSE RESOLUTION
SATELLITE IMAGES
By
Mr. N.M.A. Wijeratna- Senior Superintendent of Surveys,
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Abstract: The Forests are major determinants of a landscape’s identity and help to maintain
ecological and environmental stability, also they play a key role in subsistence economy. The
encroachment of forest is major problems for the environment. The identification of illegal
encroachments in forest is vital as it is badly affected to the stability of the forest, and to the ecology
& environment. This research was carried out to check the effectiveness of Markov Random Field
(MRF) based Super Resolution Mapping (SRM) for identification of forest encroachments. In this
study ASTER image with spatial resolution of 15 m was used for the experimental tests. The
Quality of SRM was compared with MLC (Maximum Likelihood Classification) classified image.
The parameter of MRF based SRM was evaluated on ASTER data. Accuracy was assessed with
kappa statistics and error measures. It is observed that SRM was superior to MLC in case of
coarser resolution. Experimental test was done to find the optimal neighborhood system size with
respect to various Scale factor (S). It is found that MRF based SRM is successfully identified the
forest encroachment at S =10 by using ASTER image with spatial resolution of 15 m.

Introduction

The identification and mapping of the Forest Encroachment is a big challenge due to the common
problems to find something small than the spatial resolution of the image like objects forest
encroachment which occupy small areas inside larger forests or small clearings in agricultural areas.
Some of these patches are even less than 0.5 ha with background or the surrounding land cover is
another barrier in proper identification. Furthermore, the relatively coarse spatial resolution of sensors
does not enable the detection of all small fragments such as copses, hedgerows and scattered trees
(Sheeren et al., 2009). Studies have also shown that identifying small patches is often not easy, which
elements should be included and which should not, and how to describe elements discretely. Another
challenge remains in getting high spectral and spatial resolution satellite imagery for a particular area
and within a specific period. If we use high resolution data, it will be noisier than coarse resolution
data, high resolution data is too expensive and it requires costly hardware and software for its
processing. When we do classification of spectrally similar vegetation types using coarse resolution
data, we are getting mixed pixel results. It is difficult to study land use or land cover at high resolution
data due to large variation of the spectral values for the same classes and local variation within
homogeneous fields and it has few spectral bands than coarse resolution sensors (Tolpekin and Stein,
2009).
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The possible solution for the above mentioned problem may be Markov Random Field (MRF) based
super-resolution mapping (SRM). The Identification of forest encroachments has been previously
carried out using aerial photography and remote sensing data. One major objective within the
framework of the Remote Sensing and the landscape monitoring was to investigate the added value of
very high spatial resolution (VHSR) satellite data compared with digital topographical maps (1:10,000)
and aerial photographs, especially in relation to small land elements (Groom et al., 2006). Medium
and high spatial resolution remotely sensed data (e.g. SPOT and Landsat Thematic Mapper (TM)
images) are mainly used to identify forest areas. These data provide richer spectral information and
cover larger areas (Sheeren et al., 2009). A hybrid approach using both aerial photographs and
ancillary data of coarser resolution to automatically discriminate small forest elements (Sheeren et al.,
2009), shows its usefulness and the prospects for future ecological applications. For the proper
management of forest encroachments by the concerned authorities an efficient tool is needed for clear
identification of encroached areas. Super Resolution Mapping (SRM) can be effective as it results in a
higher spatial resolution image from a given coarse spatial resolution image. Data from the satellite
sensors like LANDSAT-TM, IRS-LISSIII, and ASTER are rich in spectral bands, economically cheap
and a huge volume of archive data is available, which will help for identifications of actual changes
on the earth surface. Hence, by using these coarse spatial and high spectral resolution data as an input
to SRM, it is possible to solve the issues in class separability.

Several studies have been carried out on the MRF based SRM, to study the suitability for land cover
classification and change analysis. Therefore, the main objective of this research is to apply the MRF
based SRM technique for identification of forest encroachments.

Literature Review

In the past, several attempts had been done to identify and to map the forest encroachments using
remote sensing data and Geographical Information System (GIS) technique. There are several related
work has been done for identification of forest encroachments using remote sensing techniques. In
Abdulkadir-Sunito and Sitorus, 2007, two forests margin villages Sulawesi in Indonesia is presented
to clarify the scenario of forest encroachments. Here encroachment was not only perceived as an
economic action, but also an arena of ethnopolitical action, it also explained how encroached
ownership is changed. This paper describes the land use and landownership patterns in the context of
inter-ethnic relationship. The forest encroachment was studied by using optical and microwave image
fusion to detect and monitor illegal logging and tropical rain forest encroachment in east Kalimantan,
Indonesia (Vega et al., 2006). In this paper, it was reported that the output classifications from
Principal component analysis (PCA) were relatively better than other two techniques used.
Comparison was made between the results of Maximum Likelihood Classification (MLC) and sub
pixel classification to identify gaps by a single tree felling and it was observed that sub pixel
classification outperformed MLC. It has been suggested that if the remote sensing techniques,
combined with the appropriated classifiers, demonstrated better performance and reliable results. In
(Vega et al., 2005), three remotes sensing fusion techniques using two different data combinations i.e.,
multispectral and Panchromatic from Landsat ETM; and multi-spectral and Radar data from ASAR-
ENVISAT C band VV polarization were studied for the forest encroachment monitoring. However,
this study has showed that the fused images obtained from multi-spectral and panchromatic data were
more appropriate with exception of Intensity Hue-Saturation created some confusion during
interpretation.

25



&12)® e3e002O plev senemasF FehFlens SURVEY JOURNAL

In (Tatem et al., 2002b) Super Resolution map was produced by using Hope field neural network. In
that study the SRM was implemented on synthetic and simulated Landsat TM imagery and it was
validated by verification data derived by ground survey and manually prepared map from the digital
aerial photographs with 0.5 m spatial resolution. Sub pixel mapping was obtained by using genetic
algorithm in Mertens et al., 2003 here the latter mentioned algorithm was tested on synthetic and
degraded real satellite imagery. The resultant Super Resolution map was compared with conventional
hard classification i.e., Maximum Likelihood Classification (MLC) for the purpose of accuracy
assessment.

In another study Super Resolution mapping was performed on artificial imagery and tested on
artificial and real synthetic imagery (Mertens et al., 2004). In this study validation of SRM was
conducted with MLC map. An algorithm was developed for super resolution target mapping from
remotely sensed images in which was dependent on soft classification results (Atkinson, 2005). This
algorithm was tested for its accuracy by generating realistic irregular polygon shape in SPLUS TM
software. Earlier SRM was applied on real remote sensed satellite data (Kasetkasem et al., 2005). In
this study SRM was obtained from IKONOS and LANDSAT imageries validated with reference data
generated from panchromatic image of IKONQOS and digital aerial photograph with spatial resolution
of 1 m and 0.6m respectively. In (Thornton et al., 2006) sub pixel mapping was conducted for
identification of hedgerows and trees and the resultant map was validated with Field data including
the detailed information available on the field site. Issues associated with SRM reveals that validation
of SRM is not easy (Atkinson, 2008). However, this study paves the way for accuracy assessment by
providing different types of accuracy assessment methods.

SRM was conducted on normally distributed synthetic images in Tolpekin and Stein (2009). In this
study accuracy assessment was done by kappa statistics at fine resolution level and accuracy at coarse
resolution was assessed by Area Error Proportion (AEP), Root Mean Square (RMSE) and by using
Correlation Coefficient (CC). In subsequent studies (Ardila Lopez et al., 2010 & Tolpekin et al., 2010)
which were extension of method proposed in the (Tolpekin and Stein, 2009) validation of SRM was
assessed by using ground survey followed by manual digitization of very high spatial resolution
digital aerial photographs and they also performed pixel and object oriented based method for
accuracy assessment.

In Atkinson, 2009 it is suggested that it is very crucial to determine the goal of SRM in terms of its
dimension i.e., whether it is binary or multivariate and resolution case. After knowing the latter said
aspects algorithm was designed and applied to provide the solution. The SRM algorithm falls into two
categories. The first contains regression type algorithms and another one is learning algorithms. The
testing scenarios which involves in assessing uncertainty are provided in (Atkinson, 2009) next step is
adopted which is described in the latter said paper for accuracy assessment wherein different types of
accuracy assessment methods are mentioned.

But still there is need to do further research on forest encroachments. In the latter said cases Markov
Random Field (MRF) based SRM was not used to study the forest encroachments. The pertaining
literature with respect to forest encroachments has reviewed and found that in most of the cases forest
encroachment was detected with the integrated approach of using remote sensing and GIS tools. It is
clear that there are two forms of forest encroachments i.e., shifting cultivation and Illegal logging. In
this research it is going to identify forest encroachment sites using MRF based SRM.
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Methodology

The issues of mixed pixel in the remotely sensed satellite data occur when the sensor’s instantaneous
field-of-view includes more than one land cover class on the ground and it can be accommodated by
using sub-pixel classification. The key problem of sub-pixel classification is determining the most
likely locations of each land cover class within the pixel. In general, spatial dependence is the
phenomenon that observations close together are more alike than those further apart (Chiles and
Delfiner, 1999; Curran et al., 1998). Hence, an approach to consider the spatial distribution i.e., spatial
dependence within and between the pixels was introduced by Atkinson et al.; 1997 in the form of
SRM also called as sub pixel mapping. SRM leads to an increase in the spatial resolution of the
classified image by resolving the pixel into smaller units, known as sub pixels based on spatial
dependence (Thornton et al., 2006). It is assumed that the land cover class is hormally distributed and
they have spatial dependency both within and between the pixels. Markov Random Field (MRF) is a
useful tool for characterizing contextual information and has been widely used in image segmentation
and restoration. Therefore contextual SRM method based on MRF is adopted for this research with
ASTER image. The methodology of this research is shown in Figure 1 below. ASTER data is used as
an input to the applied the technique and finally the result was checked for its accuracy on fine and
coarse resolution level.

ASTER Image

\ 4
Preprocessing
\
MLC
\4
Downscaled MLC
Fraction images
J( from SRM and MLC
Initial SRM

\ 4 \ 4 \ 4

Optimized SRM F Accuracy Assessment > MLC Map

N
Google Earth Image
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In this method smoothness parameter (A) plays an important role in MRF based SRM and it is
estimated before method applied. Generally is determined by two procedures i.e., by trial and error
method or by estimation done from training sites. At one hand first procedure is time consuming on
the other hand second procedure is computationally expensive. In this research the internal parameter
of MRF based SRM is firstly estimated by trial and error method. The study area for the method is
shown in fine and coarser resolution images in figure 2 below.

(b)

Figure 2: Study area (a) on fine resolution image (b) on coarser resolution image

Results and Discussion

The results obtained from MLC for courser and fine images are given in figure 3.

. Encroached_area

D Background/Forest/
waterbody

Figure 3: Encroachment area from MLC

The results of MRF based SRP achieved at S=10 with varying values are shown in Figure 4 (a)-(f) as
the optimal value for scale factor is 10 (S=10).
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(a)S=10,1=0.3 (b)S=10,A=0.5 () S=10,A=0.6

(dS=10,A=0.7 (e)S=10,A2=0.8 HS=10,A=09
. Encroached area

Background/Forest/Water body

Figure 4: (a) to (f) are SRMs at S = 10 with varying A values from 0.3 to 0.9

According to the visual inspection of the Figures 2 and 3 above, it indicates that SRM is detected
forest encroachments more accurately than MLC and it is supported by the values of Root Mean
Square Error (RMSE), Correlation Coefficient (CC) and Area Error Proportion (AEP) provided in the
Tables 1 below. In all maps, Area Error proportion (AEP) values are reported smaller in case of SRM
whereas it is high in MLC. Correlation Coefficient (CC) values are higher in SRM which shows that
target and estimated fractions are strongly correlated whereas correlation is low in MLC. The RMSE
is higher in MLC while RMS is lower in SRM which shows that SRM has less variance and biasness.
After considering all these statistics it is revealed that SRM is better than MLC in detecting forest
encroachments.
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Table 1: Results of accuracy assessments

Map Maximum likelihood Classification Mapsin | Super Resolution Mapping (SRM)
(MLC) Figure 4
RMSE CcC AEP RMSE CcC AEP
a 0.325 0.745 0.020
b 0.412 0.568 0.050
. C 0.289 0.739 0.018
Figure 3 0.515 0.456 0.656 q 0217 0814 0,046
e 0.298 0.721 0.034
f 0.312 0.745 0.041

Conclusion and Recommendation

The identification of forest encroachments from courser resolution images is not more accurate from
the existing classification algorithms like Maximum Likelihood Classification in present image
processing software. According to the results obtained from this research it is possible to detect the
forest encroachments more accurately. The shape of all maps obtained from Markov Random based
Super Resolution mapping techniques are moreover preserve the shape of the encroached area but not
from MLC. Therefore it is concluded that MRF based SRM technique is better for the identification of
forest encroachments from the courser resolution remote sensing images.
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EDM Calibration Base at ISMD and Calibration Software

Mrs. K.A. Pushpakanthi, Government Surveyor

Divisional Survey Office, Kalutara

For many years, accurate distance measurement was the most challenging part of surveying. The
introduction of Electromagnetic Distance Measurement (EDM) instruments has made the task of
distance measuring a simple operation which is capable of measuring long distances within a few
millimeters at the press of a button. Electromagnetic Distance Measurement (EDM) instruments operate
on the principle of measuring the number of whole wavelengths of the generated signal, and any
fractional part of the wavelength, in the distance between the instrument and the target.

Instruments that are to be used on work demanding a high accuracy should be calibrated on an
international or national standard baseline to remove all systematic biases. Calibration of Electro
Magnetic Distance Measuring (EDM) Instruments involves the determination or verification of
instrument constants (additive constant, scale error and cyclic error) and the assurance that the
measured distances meet the accuracy specifications.

Currently, three EDM calibration baselines are in operation under Survey Department. One calibration
base having underground control points at ISMD, another calibration base with pillars at SGO and
newly constructed calibration base with pillars at ISMD. The calibration base which was at
Madatugama had been disturbed due to ongoing road extending program.

It was a great pleasure of being the responsible person of designing and establishing pillar type EDM
calibration base at ISMD in 2013 under the continuous and overall supervision and valuable advices of
Mr. S.P.D.J. Dampegama, Former Surveyor General, Survey Department of Sri Lanka.

Designing and Establishing Baseline * piliar s

EDM instruments can be calibrated by measuring a combination of
distances on a baseline. An important feature of baseline design is to
enable the determination of all instrument errors to an appropriate _
level of precision. In general, calibration measurements over short - pillar 7%
distances assist in the determination of the additive constant while ! '

longer distances help determine scale error. One objective of the 35 'g’g“ ZPillar6

design is to ensure that the additive constant and scale error are i 0 TN L
. . . . R . § ‘SE

determined independent of any cyclic error contributions. However it ISR SERE L 8

is not possible to solve for a scale error unless the inter-pillar B =rilar2® ] 4

distances for the baseline are known. Only prescribed EDM are used
to determine these distances.

The heights of the pillars were determined to provide horizontal line
of sight. Calibration techniques assume that there is no pillar
movement between the time of taking standard measurements and Fiaure 01: Location of baseline
when calibrating the EDM instruments. Unfortunately pillars do demonstrate seasonal movement,
although in most cases the movement is too small to have any significant effect. The pillars were
installed to obtain high setup accuracy as well as for convenience and time saving. On the top of each
pillar is a brass plate containing threaded bolt. Four sets of deep driven rods have been placed along the
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concrete to fit the plate to concrete. Strong structure using iron rods
were used for pillars to minimize the pillar movements. - W

Standard Distances

Calibrated high accurate EDM instruments were employed to measure
the distances among the established pillars. Large number of
measurements was taken for each distance and the mean and standard
deviation of them were calculated. Statistical theories and calculations
were used to obtain standard distances among the pillars.

Observation Conditions

The instrument must be shaded by an umbrella at all times during the
calibration. It must be switched-on and allowed to run, in the shade, for
at least about 15 minutes before measurements. Temperature and S
pressure must be measured in the shade at the height of the instrument  Figure 02: Location of Baseline
using standard thermometer and barometer. The atmospheric correction

for EDM instrument must be set zero ppm for all the calibration instruments. That can be done by
directly inputting measured temperature and pressure to the instrument or setting temperature and
pressure for which the EDM is standardized. f sufficient power is available, the EDM instrument should
be switched on for whole the time of calibration.

The height of the mounted EDM above the base of the tribrach (pillar
plate) must be accurately measured. The same reflector specified for the
instrument, reflector mounting and tribrach should be used for all
measurements. The height of the reflector must be measured. All
equipment should be leveled with care and any spot bubbles used for
this purpose must be checked before the calibration.

All calibration measurements must be taken either fully in day-time or
fully in night-time. A mixture of conditions is not acceptable. EDM
instruments that are typically used in day-time should be calibrated in
day-time.

Figure 03: Instrument &
Tribrach on the Pillar

Measurement Sequence

It is recommended to use all the pillars available on the calibration base line without depending on the
unit length of the instrument as it designed to cover all the unit lengths available. Calibrations of a
higher precision can be achieved by occupying all pillars and measuring all combinations of distances
on a baseline. Measurements taking from the first pillar are also covering all the unit lengths. But it is
necessary to have long distances in order to determine the scale error. So the distances as long as
possible should be taken.

Maintenance

Established calibration bases should be properly maintained and course of actions to protect them
should be introduced.
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The standard distances among the pillars can be varied due to the pillar movements. So re-
measurements between the pillars should be taken periodically using standard instruments and the
standard distances in the calibration software program should be updated.

Calibration Software

Software was developed using VB.NET language and windows Forms which are one of the fastest
ways to develop a usable graphical user interface were created and by dragging controls in Visual
Studio, we develop interactive applications and hook up event handlers. It is capable of generating
calibration certificate which contains associated information including instrument details, owner, report
creator etc. It also displays the computed Scale Factor and the Zero error of the relevant instrument

.‘ j u Formt —— — | © .
EDM Calibration Software

EDM Calibration Software e 5 T Nebearie

Instrument Operator Instrument Detal
Name A N She Owner Geodetic Survey Unt
Designation  Govt. Surveyor Make SOKKIA

Date 20/06/2013 Model SRXIX

fetic Survey Unit 2013 Heyio Emnessian Seal Number  1023876]
Name KA Pushpakanthi

N Gowt. Surveyor

21/06/2013

Standard Distances Measured Distances ‘ | create Repot

" EDM Calibration Certificate

This report ge ¥ i

KA Pushpakanthi, Government Surveyor, under the supervision of

j $.D.P.J. Dampegama, Deputy Surveyor General (Geodetic), Geodetic Survey Unit,
Institute of Surveying and Mapping, Diyatalawa i,‘ ‘;

BaseName: (53
Instrument : Sokkia SRX1X
Serial Number : 34563453

Owner : Geodetic Survey Unit

Residuals of Observations  ©(00) = +0.0000m. e(13) = +0.0000m.

ZeroEmror  Ko= 0001232 m Std. Dev. = 0.000001 m
ScaleFactor K= 1.000008 m Std. Dev. = 0.000000 m
Corrected Distance = (K1* Measured Distance) + Ko
Perpared by : KA. Pushpakanthi Certified by :

Govt. Surveyor
Date: 20062013

Figure 02: Calibrating Software Interface and Certificate
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. "If you love life, don't waste time, \
< for time is what life is made up of.” .

: — Bruce Lee -- .

\
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Evolvement of Linear Measurements
By
Mr. K.A. Silva (Retired Superintendent of Surveys)

Ever since man began trading with neighbours, measurements became necessary and important. The
history of measurement is the history of man. Since man slew his first animal and built his first fire, his
progress has been built on the foundation of measurement. So man really wanted to adopt certain
standard lengths. He might have not thought about anything other than his own body measurements, as
some surprising ratios existed among them such as thumb, fingers, hands and feet. Our foot ruler started
out as the length of a man’s foot. So in the early days of history the foot varied in length. What is now
called an inch originally was the width of a man’s thumb and also the length from tip to the first joint of
the forefinger. Twelve times that distance made a foot. Three times the length of the foot was the
distance from the tip of a man’s nose to the end of his outstretched arm. This distance had been adopted
as the yard. Surprisingly half of this distance is equal to the distance from the tip of the elbow to the end
of the middle finger which is called “Riyana” in Sinhala. Distance across the hand from tip of the
thumb to the tip of the little finger when spread out as far as possible is called the span “Viyatha”.
These measurements were useful to man, because they were readily available, convenient and couldn’t
be misled, wherever he goes. For thousands of years it was the way people measured comparatively
short distances.

However man discovered at an early age that, just the availability of such measurements was not
enough. If those measurements were to be meaningful, they had to agree with the measurements of the
other men. Adoption of this universal agreement about measurements had been a problem which was
not a simple one. There had been confusion over the adopted standards as there were misinterpretations
and corruptions. In order to overcome this ambiguity, man used his knowledge to build a certain
standard and technique. For six or seven hundred years mankind generally made little progress with
regard to standardizing measurement.

In the 13" century King Edward | of England took a step forward. He ordered a permanent measuring
stick made of iron to serve as a standard yardstick for the entire kingdom and declared as the length of a
yard. He also decreed that the foot measure should be one third of the length of the yard and the inch
one thirty sixth.

In 1793 the French government introduced a new system of measurements in metres which is called
metric system. You may be surprised to know that the distance of the metre is one ten millionth part of
the distance from the North Pole to the equator measured along a meridian on the surface of the earth
through Paris. Today almost all the countries of the world use this modernized metric system.

In the new era of technological advancement the scientists have invented a new measuring system using
a ray of light as a measuring device to measure distances to the accuracy of tenth of a milimetre and
various types of instruments have been produced introducing this technique. Hence the measuring stick
or tape has become obsolete.

It took more than 5000 years to evolve from the old system to the defined and precious standard of
metric system. Could it be the ultimate standard and accuracy of measuring linear distances? Will the
future generation go beyond this and invent much more precise instruments for measuring linear
distances?

Source: internet
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Goodbye
By
Mr. K.A. Silva (Retired Superintendent of Surveys)

Glimpse of your charming sight
Enhanced my aspiration
Of having your association
Your attractive lovely body
Embraced in my hands
Enticed my affection
With immense desire and lust
Your fragrance
Enhanced my urge
No doubt
You were my consolation
With utmost pleasure
My beloved wife smelt
And advised me affectionately
To cease this forbidden affair
Yet no heed to her sincerity
Your cheerful company and ecstasy
Into which I fell
Dragged my life
For a long spell of time
I am now an ailing - sick discard
You ruined my wealth and health
T do not blame you
Yet I hate and curse you
With intense feeling of grief
I have no remedy
Other than departing you
Let me say Goodbye to you
"The cigarette”

P.S. This poem was originally appeared in Daily Newspaper published on 17" October 2018
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