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Centered on the land-use legend from the
Viethamese Department of Natural Resources
and Environment (DONRE), a thematic legend
harmonization was formulated for the central
Vietnamese province of Thifa Thién Hué (TTH).
This harmonized legend facilitates interoperability
between distinct land use and land cover
categories, serving as a relevant tool for flood
management. It is also conducive to activities
focused on the integration of ecosystem-based
approaches into flood risk management, thereby
promoting adaptive and sustainable urban
development in central Vietnam. The
harmonization process was executed in

three sequential phases. Initially, pertinent land
use and land cover products, as well as project
perspectives, were identified, and their respective
thematic legends were compiled. Subsequently,
a land cover classification system was employed
to disaggregate the legend classes into discrete
building blocks, termed classifiers. Ultimately,
common thematic elements were discerned,

a conversion table was constructed to align

the disparate legends, and a newly harmonized
legend was generated.

Tém tat ti€ng Viét

Dua trén huyén thoai vé st dung dat ti Bo Tai nguyén va
M&i trudng Viét Nam (DONRE), mot huyén thoai cha dé
dudc hoa quyén da dugc xay dung cho tinh Thifa Thién
Hué (TTH) & mién Trung Viét Nam. Huyén thoai hoa quyén
nay giup tudng thich gitia cac loai st dung dat va phua dat
khac nhau, phuc vu nhu mét cong cu lién quan cho viéc
quan ly lG lut. N6 cling 6 Igi cho cac hoat dong tap trung
vao viéc tich hgp cac phuong phap dua trén hé sinh thai
vao quan ly rdi ro ld lut, do dé thic ddy su phat trién d6 thi
linh hoat va bén viing & mién Trung Viét Nam. Qua trinh
hoa quyén dugc thuc hién trong ba giai doan lién ti€p. Ban
dau, cac san pham s dung dat va pha dat lién quan, cling
nhu cac quan diém du an, d3 dudc xac dinh va cac huyén
thoai cha dé tuong Ung clia chliing d3 dudc bién soan. Tiép
theo, mot hé théng phan loai phi dat da dugc st dung dé
phéan tach cac |8p huyén thoai thanh cac khéi xay dung
riéng biét, dugc goi la bd phan loai. Cudi cling, cac yéu to
chl dé chung da dudc nhan dién, mot bang chuyén doi da
dudc xdy dung dé€ can chinh cac huyén thoai khac nhau, va
mot huyén thoai hoa quyén mdi da dugc tao ra.
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Introduction

Accelerating climate change has led to variations
in water and temperature regimes worldwide,
resulting in increased intensities of calamitous
events such as droughts and floods [1].
Vulnerabilities of ecosystems and societies to
these events differ by type and vary spatially

and temporally. Southeast Asian agglomerations
are particularly affected [2]. Driven by rapid
economic development, political, economic, and
civil society institutions face challenges in
adaptation. Adaptation performance and societal
resilience against climate change are influenced
by experience, implementation capacity, and
sustainable planning prospects [3]. Central

to successful adaptation activities is the
interdependency of various societal actors—
politicians, administrators, scientists, and
responders—in shaping a joint planning process.

A common understanding of affected assets and
land, through a unified nomenclature of
information, is essential for constructive
communication and collaboration among
stakeholders. Definitions of land use (LU) and land
cover (LC) and their associated expectations differ
depending on perspective. While administrative
staff may focus solely on land use, modelers often
consider land cover; both perspectives are crucial
for calamity management. Land cover refers to the
biophysical surface of the Earth, whereas land use
pertains to its anthropogenic function [4]. Multiple
legends can impede collaborative efforts and
erode cohesion. We propose a legend
harmonization for projects involving multiple
societal actors to facilitate seamless integration of
spatially explicit products and perspectives.

This activity falls under the Federal Ministry of
Education and Research (BMBF) Sustainable
Development of Urban Regions (SURE) umbrella,
targeting Southeast Asian agglomerations and
covering various challenge-related projects.
Specifically, we designed a legend harmonization
for the Integrating Ecosystem-based Approaches
into Flood Risk Management for Adaptive and
Sustainable Urban Development in Central Viet
Nam (FloodAdaptVN) project, focusing on the area
of interest (AOI) in Thita Thién Hué (TTH) province.
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Results should be scalable and potentially
reproducible in other SURE or related projects.

A key component is the Economics of Climate
Adaptation (ECA) tool, which combines
infrastructural asset groups with Representative
Concentration Pathways (RCP) and Shared
Socioeconomic Pathways (SSP) scenarios to
determine asset values impacted by flood events.
Assessments aim to capture the diversity of
impacts and associated vulnerabilities, an
approach termed as multi-risk [5] or multi-
vulnerability [6]. The assessment will primarily utilize
existing land use maps, infrastructure data, and
field survey data.

We accommodated different perspectives by using
existing LU data from the Department of National
Resources and Environment (DONRE) as the
foundational geographic information system (GIS)
layer. Classes were tailored to align with existing
descriptions in the Viethamese language for quick
adoption into existing planning processes. The ECA
tool required refinement of DONRE classes towards
detailed building descriptions and assets, including
thematic depth for land offering ecosystem services
and recreational values linked to green spaces,
both natural and artificial. Compatibility with
common urban growth and hydrological models
was also a requirement. In the context of the spatial
and temporal requirements of TTH, two objectives
were formulated:

« Identify existing legends suitable for urban growth
modeling, hydrological modeling, ecosystem
analysis, land use, and infrastructural asset groups
« Harmonize identified legends, prioritizing a
Vietnamese-centered perspective

To address these research questions, discussion
rounds were set up among the FAVN research
consortium to identify legend requirements in
alignment with proposed project and research
activities. A legend harmonization tool was applied
as the methodological device.

2. Methods
Here, methods are presented to create a
harmonized legend that accommodates economic
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perspectives on asset value estimations, ecological
functions, models, and is centered around a
regional used existing legend. A legend is the
application of a classification in a specific area to
express its thematic attributes [7]. For comparative
interrogation the legend of a LULC product has an
impact on its accuracy. The most common
classification systems are the Anderson Legend [8]
and the Intergovernmental Panel on Climate
Change (IPCC) Land Use, Land Use Change and
Forestry (LULUCF) legend [9]. Classes of legends
can be aggregated, split up or extended to offer
comparison across different legends, in other words
a legend harmonization. An option to identify
common thematic denominators of different
legends is through the United Nations (UN) Food
and Agriculture Organization (FAO) Land Cover
Classification System (LCCS). Common in alll
classification systems is the capability in covering
all land surface characteristics within the AQ|,
meaning no object can remain unclassified.
Different geographic scales reveal more or less
details of the land surface or its anthropogenic
function requiring the legend to adjust using
different levels of detail. Thus, major classes can
contain subclasses. The Anderson Legend contains
4 Levels of details and within the Remote Sensing
science community was the first one widely
accepted. LCCS provides essential classifier blocks
that can be combined to create any land cover
class in explicit thematic detail.

Figure 1 provided an outline of the study. First, a
suited Vietnamese legend was identified through
bilateral meetings of local stakeholders and review
of existing maps. It was mandatory to center the
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Figure 1: Methodological setup of legend harmonization;
*considered legends

Identify and collect
legends and classes

harmonization

Construct new



SURE Solutions
1stVolume 2024

legend harmonization around a local used legend
to ensure local acceptance. Due to its relevancy
within the planning process across Hué province
departments, the DONRE legend was chosen.
Second, legends were identified to accommodate
the research and planning needs of FAVN project.
And finally, we identified thematic class overlaps
and legend harmonization by using LCCS. The
proposed legend was not limiting thematic depths
and can be expanded further within a specific class.
For instance, the amount of bed for the class
medical hospitals can still be added or species can
be amended for forest related class as needed. We
defined three axioms for the legend harmonization:
Vietnamese centered, forward and backward
convertibility across legend and scalability.

2.1. Legends and requirements

Legends and their associated requirements are
articulated in the subsequent section. The foremost
requirement was to harmonize the new legend with
the existing DONRE legend [10]. A secondary
emphasis was placed on accommodating ECA
asset estimations, which required intricate
descriptions of urban functionalities. While the
majority of these functionalities were already
encapsulated by the DONRE legend, specific
augmentations were made, notably in categories
such as land designated for traffic infrastructure
and residential zones (Table 1). For the delineation
of ecosystems, the International Union for
Conservation of Nature (IUCN) legend was
employed [11], [12]. The Slope-Land-Cover-Excluded-
Urban-Transportation-Hillshade (SLEUTH) model
was utilized for FAVN's urban growth modeling
activities. This model integrates historical Land Use
and Land Cover (LULC) data, topographical
elements, and infrastructure parameters to
generate spatially explicit urban growth simulations.
It functions as a cellular automaton, utilizing a
predefined set of growth parameters and
associated rules [13]. Due to SLEUTH's limited
requirement for land cover classes and its lack of
specificity for urban land use functionalities, the
Japan Aerospace Exploration Agency (JAXA) legend
was selected for its robustness and compatibility
with extant LULC products [14]. This JAXA legend was
also considered appropriate for the hydrological
modeling component.
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2.2. Legend harmonization

Legend harmonization was conducted using the
LCCS3 tool, version 1.8.3, sourced from the Food and
Agriculture Organization (FAO). Given the tool's
orientation toward Land Cover (LC), thematic gaps
related to Land Use (LU) were addressed through
expert consultation and by extending definitions
where required. LCCS serves as a reference
classification system and provides avenues to
specialized expertise. Classes within LCCS are
decomposed into independent diagnostic criteriq,
termed classifiers. These classifiers are selectable
from a comprehensive array of options. Any existing
legend can be translated into LCCS by employing
these classifiers as foundational elements to
construct classes. The comparison of legends
translated into LCCS facilitates the identification of
common thematic denominators across different
legends. The LCCS user interface is organized into
categories related to vegetation characteristics,
abiotic surfaces, and land cover class attributes.
Classes are structured through horizontal strata,
organized as branches akin to a decision tree.
Thematic detail is represented through
dichotomous pathways, leading from specific
criteria (e.g., herbaceous growth forms) to more
general criteria (e.g., presence or absence of
vegetation).

3. Results

Figure 2 illustrates a representative example of
classes decomposed into classifiers and their
thematic overlap. Displayed are the classes "rice
paddies” from the IUCN legend and “other cropland”
from the JAXA legend. The classes exhibit significant
overlap, with the exception of the blue water
classifier unique to the IUCN's rice paddies category.
Consequently, the IUCN class could be considered a
subclass of the JAXA class, and their common
thematic denominator is represented by boxes of
identical color. This analytical process was
replicated for all classes and legends to identify
thematic overlaps, substrates, and potential
aggregations. The outcome of this exercise is
presented in Table 1, where the FAVN legend is
displayed.
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| - Rice paddies (F3.3) ‘»

Map Code: jucn2

Cover: min=80.0 max=100.0

| Horizontal Pattern 1

J - 5. Other croplands

Map Code: jaxa5

Horizontal Pattern 1

Figure 2: Dichotomous classification scheme example of LCCS3

4. Discussion and Conclusions

This study underscores the significance of adeptly
managing landscape heterogeneity for the
comparative amalgamation of multiple
perspectives and disparate legend systems. It also
addresses the challenges of handling sites
characterized by multiple classification schemes.
The study thus facilitates international information
fluidity while maintaining a Viethamese-centric
focus for the project. Given the absence of a unified
Land Use (LU) classification system, we sought to
bridge this gap through Land Cover (LC)
classifications and call upon the research
community to further address this issue.
Problematic classes identified in the study were
those that are highly mixed (e.g., land designated
for other natural, non-agricultural purposes), which
may be overlooked in practical project work but
expose existing limitations.
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Long-term, computationally intensive activities,
such as modeling, necessitate a stable legend
within ongoing project activities. Conversely, more
exploratory research activities, like Economic Cost
of Adaptation (ECA), may require a legend with a
degree of flexibility for potential alterations based
on outcomes. To meet these varied requirements,
we provided a legend harmonization that
accommodates both pre-existing classes and a
recommended harmonized legend.
Interchangeability between these legends is
facilitated by our thematic legend conversion table.
Consequently, each class can be linked to an
existing or incorporated legend system, making our
harmonized legend a thematic compilation and
conversion hub that ensures interoperability.
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Generalized Generalized :I?::::s :I?::::s IUCN JAXA
FAVN class - EN FAVN class - VN —EN -VN classes classes
1. Land for rice bt chuyén Land for rice crop bt chuyén trong Rice paddies Rice paddies
tréng lda (Q|| segsons); Land lda nLIc'Sc; pat tr?)ng
for remaining lda nudc con lai;
rice crop (Rice bt lUa nudng
combines with
other crops); Land
for terrace rice
2. Land for bt trong cay Land for other D&t bang trong Cropland; Sown Woody crops;
other crops néng nghiép annual crops; cdy hang ndm pastures & fields; Other
khéc Upland land for khdc; Bat nuong Derived semi- croplands;
other annual réy trong cay hang natural pastures and In-house crops;
crops; Land for nam khéc; bat old fields Grassland/
perennial crops; trong cy lau nam; Herbaceous
Other agricultural Dat néng nghiép vegetation
land khac
3. Land for Dét riing don Land for Dat riing san xudt Plantations Plantation land
plantation forest dién production forests
4. Land for bétrungthudng  protective forest batriing phong hd Tropical/Subtropical Deciduous
evergreen forest xanh lowland rainforests; broadleaf
Tropicc:l/SubtropicaI forest;
dry forests and Evergreen
thickets; Tropicc1|/ needle-leaf
Subtropical montane forest;
rainforests; Warm Evergreen
temperate laurophyll broadleaf forest
forests
5. Land for special- Bat riing ddc Land for Dat ring ddc dung Tropical flooded Mangrove;
use forest dung special-use forests and peat Bamboo area
forest forests; Tropicol/
Subtropical lowland
rainforests
6. Land for Dat nubi trong Aquaculture D3t nudi trong Freshwater Aquaculture
quaculture thay san land thay san aquafarms
7. Land for bét lam musi Land for bat lam musi Coastal Inland wetland
salt-making salt-making saltmarshes and
reedbeds
8. Land for Dats Rural residential Dat & tai ndng Urban & High developed
residential land; Urban thon; Dat & tai Industrial areq; Low
areas residential land do thi developed area

8.1. Single family
house

Nha cho mét gia
dinh

8.2. Multi family
house - apartment

Nha nhiéu gia
dinhvanha

building chungcu

8.3. Villa Bidt thy
8.4.Irregular/ Nh'é khong chinh
informal house thic
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Generalized Generalized :I: ::eEs EI: :::s IUCN JAXA
FAVN class - EN FAVN class - VN —EN -VN classes classes
9. Land for bt cho cg quan Land for state- Dat xéy dung try Urban & Industrial High developed
governmental nha nudcva run offices/ s8 cd quan; bat xay area; Low
and military quan dgi buildings; Land dyng trusg ciaté developed area
infrastructure for non-business Chﬂ':"c su nghiép;

organizations; Dat xdy dung cd sd

Land for building van héa; bat xay

cultural facilities; dungcasd dich

Land for social vu xa hoi; bat xay

service facilities; dung cd s8 ngoai

Land for foreign/ giao; Bat xay dung

diplomatic congtrinh sy

facilities; Land for nghiép khac; Bét

other facilities; qudc phong; Dét

Land for national an ninh; Bat cong

defense; Land trinh buu chinh,

for national vién thong

security; Land for

post and tele-

communicaiton

facilities
10. Land for batchocdss Land for batxdy dung co Urban & Industrial High developed
healthcare yté healthcare s@yté areaq; Low
facilities facilities; developed area
10.1. Medical Bénhviényté
hospital
10.2. General Phong kham
practitioner chuyén khoa
10.3. Pharmacy Nha thudc tay
11. Land for bat cho cosg Land for bt xay dyng cd Urban & Industrial High developed
education, nghién clu, gido education and s@ gido duc va dao area; Low

research facilities

ducva dao tao

training facilities

tao; Dat xy dung
cd sd khoa hocva

developed area

cong nghé
11.1. Primary/ Trudng tiéu hoc,
secondary school trung hoc cd sé
11.2. Highschool Trudng trung
hoc ph6 thong

11.3. University Trudng dai hoc
11.4. Research Trung tér:n
center nghién clu
12. Land Déf cho cdﬂsc’j Land for sport Dé} xay dung co sé Urban & scrub/shrub
for sport thé duc thé thao facilities thé duc thé thao Industrial; Derived
activities semi-natural

pastures and old

fields
13.Land Bét cho khu Land for bat khu cong Urban & High developed
for industry cong nghiép industrial parks; nghiép; bat khu Industrial areaq; Low

Land for industrial
processing zone;
Land for industrial
clusters; Land for
non-agricultural
production
facilities

chéxuat; Datcum
cong nghiép; bat
cd s@ san xuat phi
néng nghiép

developed area

n4
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Generalized Generalized :I: ::eEs EI?’ ::eEs IUCN JAXA
FAVN class - EN FAVN class - VN classes classes

-EN -VN
14. Land for Dbét thudng mai Land for bét thuang mai, Urban & Industrial High developed
commercial dichvu commerce and dichvu areq; Low
services services developed area
15. Land for mineral Dét cho hoat Land for mining Dat sfffiung cho Urban & Industrial Barren land
activities dong khoang activities; Land hoat dQng,khoadng

san for construction san; Dat san xuat

materials and vt liéu xdy dung,

ceramics lam d6 gom
16. Land for traffic Dat giao thong Traffic land bat giao thong Urban & Industrial High developed

infrastructure

areq; Low
developed area

16.1. Primary road

Pudng chinh

16.2. Secondary
road

budng phu

16.3. Tertiary road

budng lang

16.4. Highway budng cao téc
16.5. Bridges Cau
16.6. Airport Sén bay

16.7.Transportation
hub

Tram phudng
tién di chuyén

17. Land for energy Dét cho cong Land for energy D?t cbng trinh Urban & High developed
facilities trinhnanglugng  facilities nang lugng Industrial areaq; Low
developed area
17.1. Petrol station Tram xdng dau
17.2. Power plant Nha may dién
17.3. Power line Budng dién cao
thé
17.4. Electric Tram dién cao
substation thé
18. Land for general bat cho sinh Land for Dt sinh hoat cong Urban & Industrial High developed

public use

hoatva dich vy
cdng dong

community
services; Land
for public
entertainment
and recreation;
Land for landfill
and treatment
facilities; Land
for other public
facilities

déng; bat khu vui
chai, giai tri cong
cdng; Dat bai thai,
xU ly chat thai; Dat
cbngtrinh cong
cdng khac

areq; Low
developed area

18.1. Land for public
use general

Dat cho dich vu
céng dong

18.2. Land for fire
station

bat cho tram
chita chay
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Generalized
FAVN class - EN

19. Land for market

Generalized
FAVN class - VN

Datchg

DONRE
classes
-EN

Market land

DONRE
classes
-VN

Patchg

IUCN
classes

Urban & Industrial

JAXA
classes

High developed
areq; Low
developed area

20. Land with
historical and
cultural sites

batcd ditich
lich str-van héa

Historical and
cultural sites;
Scenic land/
tourism sites;
Land for religious
facilities; Land
for believe
bases; Land
for cemeteries,
graveyards,
funeral homes,
crematoriums

DPatcod ditich lich

s -van héa; bat
danh lam thing
canh; Pat cd s tén
gido; Dat cosdtin
ngudng; Dat lam
nghia trang, nghia
dia, nha tang (&,
nha hoatang

Urban & Industrial

High developed
areq; Low
developed area

21. Land with semi-
natural water
surface

Dat c6 mat nudc
ban ty nhién

Land for rivers,
streams and
canals; Irrigation
landland

Dat séng, ngoi,
kénh, rach, suéi;

Datthay lgi

Canals, ditches and
drains; Seasonal
upland streams;
Seasonal lowland
rivers

Open water

22. Land with
natural water
surface

DAt c6 mat nudc
ty nhién

Land for water
surface

DAt c6 mat nudc
chuyén dung

Ephemeral
freshwater lakes;
Constructed
lacustrine
wetlands; Seasonal
floodplain marshes;
Permanently open
riverine estuaries &
bays; Intermittently
closed & open lakes
& lagoons; Rocky
Shorelines; Muddy
Shorelines; Sandy
Shorelines; Artificial
shorelines

Open water

23. Barren land

Patbangchua
st dung

Unused flat

land; Unused
mountain land;
Rocky mountains
without forests

Patbang chua sl
dung; D&t doi ndi
chua st dung; NUi
dé khéngcd ring
cay

Barren land

24. Land for
other natural
non-agricultural
purposes

Dat phinong
nghiép khac

Land for other
natural non-
agricultural
purposes

Dat phindng
nghiép khac

Pyric tussock
savannas; Coastal
shrublands and
grasslands
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