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In the Philippines, bamboos are 
intertwined with our environment, 
economy, and culture. Bamboos 
have played a significant role 
since our forefathers. From 
construction, furniture and handicraft 
manufacture, food, cooking, etc., 
bamboos have been popularly used 
by many communities. 

The production of bamboo 
merchandise extends from 
North to the South. There are 
different bamboo species in 
the Philippines, 12 of which are 
commercially important such 
as: Anos [Schizostachyum lima 
(Blanco) Merlll], Bayog [Bambusa 
merilliana (Elmer) Rojo & Roxas 
comb. nov.], Bolo [Gigantochloa 
levis (Blanco) Merrill], Buho 
[Schizostachyum lumampao 
(Blanco) Merlll], Giant bamboo 
[Dendrocalamus asper (Schultes 
et.) Backer ex Heyne], Kawayan 

kiling [Bambusa vulgaris Schrad ex. 
Wendl], Kawayan tinik [Bambusa 
blumeana J. A. and J. H. Schultes], 
Kayali [Gigantochloa atter], Laak 
[Bambusa philippinensis (Gamble) 
McClure], Machiku [Dendrocalamus 
latiflorus Munro], Oldham [Bambusa 
oldhamii], and Puser [Cyrtochloa 
puser]. 

In different parts of the country, 
many individuals, groups, and 
communities depend on bamboos 
for their livelihood such as 
production of furniture, basket 
weaving, novelty items, bamboo 
carving, and many more. However, 
many communities are losing their 
natural bamboo stands, due to 
excessive harvesting and lack of 
knowledge in terms of bamboo 
plantation establishment.

The Department of Environment and 
Natural Resources – Ecosystems 

Research and Development 
Bureau (DENR-ERDB) is 
vigorous in promoting bamboo 
production in the country. ERDB 
has been active in research, 
development and extension 
(RDE) in producing technologies 
and knowledge products for the 
scientific propagation, plantation 
establishment, maintenance, and 
harvesting of bamboos. The Bureau 
has produced various IEC materials 
and conducted trainings to enhance 
people’s knowledge on bamboo. 
ERDB works hand in hand with 
various sectors towards advancing 
the bamboo industry in the country 
thereby uplifting people’s quality of 
life, in a sustainable manner.

Reference
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THE PHILIPPINE BAMBUSETUM
MINDA S. ODSEY and CARLOS S. ARIDA, PhD

jointly funded by Food and 
Agricultural Organization (FAO) 
and the Ecosystems Research 
and Development Bureau (ERDB). 
When the former Ecosystems 
Research and Development 
Service (ERDS) of DENR-Cordillera 
Administrative Region (CAR) 
established the Learning Ecological 
Park for Advocating Resources and 
Nature (LEARN), the Philippine 
Bambusetum became one of its 
components. In 2013, ERDS of 
DENR-CAR was rationalized to 
become the ERDB-WWRRC of 
DENR. Hence, the development 
and management of the Philippine 
Bambusetum is one of the main 
concerns of WWRRC. The 

Bambusetum is strategically located 
in Barangay Liwanag, Loakan Road, 
Baguio City. It has an elevation of 
1,528-1,570 m above sea level. The 
climate is subtropical, thus, fitted for 
bamboo species growing in semi-
temperate, subtropical, and tropical 
climates. The rainy season lasts for 
six months (May to October). The 
mean annual precipitation is 2,996 
mm. The area is exposed north-west 
and south-west with slopes ranging 
from 25%-35%. The area covers 4.4 
ha (Schlegel and Tangan 1990).

The bambusetum was started by 
former project leaders, Dr Schlegel 
and For. Fatima Tangan. A total of 27 
species with 36 provenances were 

The Philippine Bambusetum is both a tourist and a learning laboratory for bamboo 
enthusiasts.

Baguio City is not only the City 
of Pines and the summer 
capital of the Philippines 

but a home for the Philippine 
Bambusetum.

The Philippine Bambusetum 
is both a tourist and a learning 
laboratory for bamboo enthusiasts. 
Visitors can learn about bamboo 
propagation and production as well 
as the characteristics of various 
species, not only of bamboos in 
the Philippines but also those 
introduced from abroad.

The Philippine Bambusetum was 
established within an experimental 
forest in 1988 as an ex-situ project 

Pole and leaves of myanmar indian bamboo. 
Photo by MJZuraek

Poles and leaves of moso bamboo. Photo by MPaunlagui.
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initially planted. In the succeeding 
years, more bamboos were 
introduced inside the facility.

Under the International Bamboo 
Species Exchange Programme with 
foreign institutions, the collection 
increased to 68 species and 
provenances. These were planted 
and distributed in the three climatic 
sections of the bambusetum, 
the areas where exotic bamboos 
are acclimatized to bambusetum 
conditions.

A bamboo propagation area was 
established for the multiplication 
of the species in the bambusetum, 
including newly introduced species. 
The efforts undertaken by the 
Philippine Bambusetum through 
collection and cultivation of rare 
native species and provenances 
provide the basic stock for what is 
now a bamboo gene bank in the 
Cordilleras. A total of 36 robust 

the bambusetum. In the Cordilleras, 
oldham bamboo stands can only be 
found in specific municipalities of 
Benguet and in some municipalities 
of Mt Province because this species 
prefers higher elevation. In a survey 
of economically important bamboo 
species, elevation was found to be 
an environmental factor significant 
to the dominance of this species 
(Odsey, Baldo, and Tangan 2013). 
Oldham bamboos have straight 
and erect culms that grow up to 17 
m in the Philippine Bambusetum 
condition. The species can be 
propagated by culm cuttings.

Across oldham bamboo stands are 
four clumps of machiku bamboo 
(Dendrocalamus latifolius Munro). 
This species has large, dark green 
leaves which are sometimes 
streaked with white. It has soft and 
sweet edible shoots which are 
preferred among other bamboo 

bamboo species are now growing 
within the pine (Pinus kesiya) stands 
in the Philippine Bambusetum.

Clumps of myanmar indian bamboo 
(Bambusa polymorphum) are the 
main attractions at the entrance 
of the Philippine Bambusetum. 
One unique characteristic of this 
bamboo lies in the shape of its 
culms. In the fourth or fifth year, 
this bamboo yields culms with a 
diameter reaching 8 cm that grow 
into zigzag forms. The culms can be 
good decorative in houses. The culm 
sheath of this bamboo is smooth 
both on the top and the underside 
and reaches 21.9 cm in length and 
22.6 cm in width. The blade reaches 
15.6 cm. This bamboo is easily 
propagated through culm cuttings.

Four clumps of oldham bamboo 
(Bambusa oldhamii (Munro) 
McClure) serve as live fence at the 
side of the foot path going down 

Poles and leaves of machiku. Photo by MPaunlagui

continued on page 11...

Shoot of machiku. Photo by MPaunlagui
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Although bamboo is abundant 
in the country, the local 
bamboo industry is ever-

emerging. It is unable to free away 
from its cocoon in spite of many 
attempts to do so. Further, after six 
years of existence, the Philippine 
Bamboo Industry Development 
Council has not come up with 
the Philippine Bamboo Industry 
Development Plan 2010-2020 
mandated under Executive Order 
(EO) No. 879.  

The insufficiency or lack of raw 
materials or poles, particularly of 
kawayan tinik (Bambusa blumeana 
Schultes f.), is not why the bamboo 
industry is unable to emerge. 

The supply chain  

There is a glut in the supply of poles 
and the utilization rate is lagging far 
behind. The seeming shortage in 
pole supply, as experienced by the 
secondary processing sector, is due 
to the supply chain being constricted 
and not a case of lack of potential 
supply. That is, there are not enough 
actors in the supply chain attending 
to primary processing that would 
enable a sufficient flow of raw 
materials (Foronda 2015). 
Bamboo poles are a perishable 
commodity as immediately after 
harvest comes the onset of 
biodeteriorating agents like stain 
fungi and powder post beetles, 

which when not controlled 
promptly will render the material 
useless. Thus, without the primary 
processors, who stand as local 
market to pole producers and 
prepare the materials to last much 
longer, the latter are hesitant to 
harvest their produce that leads to, 
more often than not, having their 
poles left standing in the field to 
deteriorate or die. For as long as 
the supply chain is short of these 
actors, the flow of raw materials will 
continue to be a lot less than the 
potential supply and the existing 
resource will continue to deteriorate 
in volume and quality as may be 
observed in the field.  
 
When secondary processors, like 
furniture manufacturers, buy poles 
direct from pole producers, they take 
on the role of primary processors. 
Unless they are vertically integrated 
to do primary processing, assuming 
the role actually works to their 
detriment, there is much work to 
do to convert raw poles into raw 
materials like lumber, boards or 
veneer that secondary processors 
are used to in their manufacturing 
activities. Unlike solid tree trunks, 
bamboo poles are normally hollow 
that makes the whole conversion 

SEGUNDINO U. FORONDA, PhD

BOOSTING THE LOCAL
Harvested bamboo poles in Bangued, Abra. Photo by MPaunlagui 

BAMBOO
INDUSTRY

continued on page 14...

It is urgent to recognize and support the primary 
processing sector to boost the flow of raw materials in the 
supply chain.
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BAMBOOS AND CLIMATE CHANGE
NELSON LEVI M. LANTICAN

Based on research results, a mature bamboo culm can store around 40-44% of the total 
amount of carbon in their biomass.

Poles and leaves of bolo bamboo. Photo by MPaunlagui.

The presence of greenhouse 
gases (GHG) in the 
atmosphere continue to rise 

causing extreme changes in weather 
patterns—intense heat waves, 
stronger storms, harsher winters, 
extreme droughts, among others. 
Human activities such as fossil 
fuel burning, agricultural activities, 
etc. have contributed greatly to the 
increase of GHG. 

With this, the role of plants in the 
removal of these gases, particularly 
carbon dioxide, are of great 
importance as plants are considered 
to be the best carbon absorbers. 

Why bamboo?

Bamboo is the common term 
applied to a broad group of large 
woody grasses (1,250 species), 
ranging from 10-40 cm in height, 
specifically dwarf bamboo and 
Dendrocalamus giganteus 
respectively. They are relatively 
fast-growing, which matures within 
five years. Compared with trees, 
bamboos grow more rapidly and 
reproduces exponentially throughout 
the years. Physiologically, the faster 
the plant grows, the faster carbon is 
sequestered from the atmosphere, 
which makes an ideal component in 
mitigating climate change.

Bamboos can be found naturally 
growing in backyards, along 
riverbanks, creeks, and deep inside 
forests throughout the country. They 
are widely distributed because 
they tolerate a wide range of soil 
conditions (PCARRD 2009).

Carbon sequestration

Carbon sequestration is the process 
by which plants capture carbon 
from the atmosphere and store it 
in their biomass (leaves, branches, 
and pole) during their growth. The 
sequestration potential of plants 
may vary in terms of species, size, 
age, and location (Kawahara et al. 
1981).

Rapidly growing plants absorb a 
large amount of carbon dioxide 
and lock the sequestered carbon 
continuously during its life cycle. 
Meanwhile, mature plants grow less 
rapidly and thus have a lower intake 
of CO2. 

ERDB on study of bamboo and 
climate change mitigation

From 2013 to 2014, the Ecosystems 
Research and Development 
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Table 2 Total carbon sequestered in different plant parts of four bamboo 
  species.

SPECIES TOTAL CARBON SEQUESTERED (%)

WHOLE 
CULM

POLE LEAVES BRANCHES

Giant bamboo 44.3 46.7 40.8 45.5

Kawayan tinik 43.6 44.4 41.4 45.1

Bolo 43.2 46.1 39.9 43.8

Buho 39.8 44.6 35.3 39.5

Table 1 Studied bamboo species (2013-2014).

COMMON NAME SCIENTIFIC NAME

Kawayan tinik Bambusa blumeana J.A. & J.H. Schultes

Giant bamboo Dendrocalamus asper Schultes f. (Schultes et) 
Backer ex Heyne

Bolo Gigantochloa levis (Blanco) Merr.

Buho Schizostachyum lumampao (Blanco) Merr.

The author is a Science Research Analyst 
of the Forest Ecosystem Research Division, 
ERDB.

Bureau (ERDB) conducted a 
study determining the carbon sink 
potential of bamboo for climate 
change mitigation. It was the first 
attempt to assess the biomass and 
carbon sequestration capability of 
bamboo in the country.

Four bamboo species were chosen 
for the project due to their economic 
importance and extent of distribution 
in the country (Table 1).

A total of 243 economically 
important bamboo sample culms 
were collected from different parts of 
the country covering a wide range of 
diameter classes. Cutting of selected 
culms were done in the field. Before 
cutting, the diameter at breast height 
(DBH) was determined while the 
total height was measured after 
felling. Component parts, such as 
leaves, branches, and poles, were 
segregated and weighed separately. 
Samples of at least 200 grams 
were collected from each part of the 
bamboo plant. These were brought 
to the ERDB laboratory for oven-
drying and weighing.

The oven-dried samples were 
weighed separately in order to 
determine the moisture content 
(green/wet basis). The samples were 
then pulverized in the preparation for 
carbon analysis.

Carbon analysis was done using 
an automated Carbon Analysis-
Mass Spectrometry continuous flow 
technique which uses ANCA/Eagle 
Flash software at the International 
Rice Research Institute laboratory.

The carbon content of each 
bamboo species was estimated 
by adding up the carbon contents 
of its components and getting the 
average.

Based on the results, a mature 
bamboo culm (2-5 years old) can 
store around 40-44% of the total 
amount of carbon in their biomass 
(ERDB 2014). On the other hand, 

The best way to use bamboos as 
“carbon sink” is through harvesting 
and converting poles into products 
like furniture and handicrafts. This 
will keep stored carbon inside as 
long as the items are kept and 
maintained.

Literature cited
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commercial forest plantations 
(i.e., bagras, falcata, mahogany, 
malapapaya, mangium, and 
yemane) can accumulate 45-49% 
of carbon in their biomass (ERDB 
2009).

The carbon content (%) in the 
samples taken from the different 
parts of the four bamboo species 
are shown in Table 2. Results 
showed that, generally, the poles 
had significantly higher percent of 
carbon compared with the branches 
and leaves.

Conclusion and recommendation

Bamboos are very significant both 
ecologically and economically. 
They are considered one of the 
best renewable and sustainable 
resources once established. Their 
biological characteristics make it 
a perfect tool for solving several 
environmental problems such as 
soil erosion and degradation, water 
pollution, and accumulation of 
carbon in the atmosphere.

With the vast areas of open lands 
throughout the country, massive 
bamboo plantations should be 
established, thus, providing carbon 
sink for GHG, on one hand, and 
bamboo products on the other.
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I first saw this tree species during 
my field trip to Region VIII and 
a visit to the research station of 

the Department of Environment 
and Natural Resources (DENR) in 
Babatngon, Leyte more than two 
decades ago. Inside the area of 
this station were naturally growing 
mangkono trees as well as planted 
ones to enrich the area with the 
same species. (Thirty years after 
these were planted in 1986, the 
five largest trees have an average 
diameter of 41.0 cm and height of 
11.86, according to Mr Nestorio 
Agron, Science Research Analyst 
at the DENR-ERDB Babatngon 
Research Station). Being new to this 
plant at that time, I was wondering 
why it was referred to as the “iron 
wood.” Was it really as hard as the 
iron? I had to know more about this 
plant.

According to literatures, mangkono 
(Xanthostemon verdugonianus 
Naves) of the family Myrtaceae 
is endemic in the Philippines. It is 
a medium-sized tree reaching a 
diameter of 50 centimeters (cm) or 
larger with an irregular, fluted, and 
bent bole frequently with epidermic 
branches. Its leaves are simple, 
relatively thick, alternate, and about 
8-12 cm long and 3-5 cm wide. The 
bark is smooth, light brown and 
peeling off in large flakes. The red 
inflorescence terminates in a branch. 
The flower has an average of 17 
anthers with an average filament 

THE PHILIPPINE 
MANOLITO ULIBAS SY

length of 18 millimeters (mm).
Mangkono is indigenous within 
the so-called “Mangkono Triangle” 
consisting of Dinagat Island in 
Surigao del Sur, the Homonhon 
Island of Samar, Babatngon in 
Leyte, and in Palawan.

Mangkono is propagated by seeds 
only.

It’s wood, which is usually used 
for rollers, shears, tool handles, 
novelties, poles and piles, is 
considered the hardest in the 
country.
 
Mangkono belongs to a group of 
tree species with high volumetric 
shrinkage (from green to oven dry) 
16% and greater. Species belonging 
to this group are generally used 
where strength, hardness and 
durability are required.

Mangkono is called “iron wood” and 
the hardest among the tree species 
in the country perhaps because 
it has the highest relative density 
(RD) of 1.452 at oven-dry condition. 
Coming close to it are sasalit 
[Teijsmanniodendron ahernianum 
(Merr.) Bakh.] with 1.208 RD; 
yakal-saplungan [Hopea plagata 
(Blanco) Vidal], 1.172 RD; and tiga 
[Tristaniopsis micrantha (Merr.)], 
1.163 RD. Relative density is the 
ratio of the oven-dry-weight of wood 
to its volume at current moisture 
content. 

Mangkono is called “iron wood” and the hardest among 
the tree species in the country perhaps because it has the 
highest relative density (RD) of 1.452 at oven-dry condition.

The 152 centimeter-diameter Mangkono tree in Davisol, Lianga, Surigao del Sur. 
Photo by MSy

Three years ago, I had the 
opportunity to travel to the province 
of Surigao del Sur in Mindanao 
to gather data for my research 
project on the “growth, structure 
and composition of third-growth 
dipterocarp forest” and to establish 
sites for the “provenance trials of 
narra and molave.” Again, during 
these visits, I encountered two 
mangkono trees blooming with 
red flowers and with clusters of 
fruits at the forest nursery of the 
then Ecosystems Research and 

“IRON WOOD”
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The author is retired Supervising Science 
Research Specialist and OIC-Chief of the 
Forest Ecosystem Research Division, ERDB

The 152 centimeter-diameter Mangkono tree in Davisol, Lianga, Surigao del Sur. 
Photo by MSy

Development Sector (ERDS), 
DENR, in Maharlika, Bislig City, 
this province. According to Forester 
Jeremias Bruzon, Supervising 
Science Research Specialist, these 
were taken in 2006 from nearby 
Cantilan, also a municipality of 
Surigao del Sur.

In Lianga, another municipality of 
the province, I came across a big 
mangkono tree in a village named 
Davisol. The folks therein had put a 
marker beside the tree bearing the 

local name, scientific name, height 
(33 meters), and circumference (480 
cm). The tree is being preserved 
for posterity! In the village, fallen 
mangkono trees are made into 
different novelty items and sold to 
visitors.

Because of its attractive red flowers, 
it can also be a good ornamental 
plant, after all, it can also thrive 
outside its natural habitat. (I have 
one three-year old mangkono in 
front of my home which I personally 
carried from Bislig to Laguna.  It has 
already bore flowers.)

Owing to its durability and high 
value, the tree is vulnerable to 
timber poachers and illegal trading. 
In fact, some 20,000 board feet of 
lumbered mangkono were on pile 
at the Community and Environment 
and Natural Resources Office 
(CENRO) in Lianga at the time of 
our visit in 2013 as part of its
confiscation of illegally cut and 
transported forest products.

With its many valuable 
characteristics and multiple uses, 
not to mention its unquestioned 
durability, the mangkono is one 

indigenous plant – truly Philippine 
tree species – that should be 
conserved and propagated. 
Shouldn’t it be one, too, of the 
priority species under the greening 
program of the government?
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The leaves, buds, and inflorescence of mangkono. Photo by MSy



PAGE 10 // CANOPY INTERNATIONAL VOL 42 NO. 1     JANUARY - JUNE 2016

CASH-IN YOUR TRASH
CHONA M. TURA

The author is Senior Science Research 
Specialist of the Biodiversity, Coastal, 
Wetlands and Ecotourism Research Center, 
ERDB

A trash for cash scheme where 
local residents exchange 
their garbage for money is 

prevalent in Barangay Luz, Cebu 
City. The “Kwarta sa Basura” project 
was launched in 2002 by former 
Barangay Captain Nida Cabrera with 
the goal of improving the residents’ 
quality of life. 

Bayanihan Savings Centers were 
established in 16 sitios of the 
barangay through DILG Memo 
Circular No. 2003-35. These 
centers provided residents with 
savings in exchange for trash. 
The local government tied up with 
the Barangay Luz Homeowners’ 
Multipurpose Cooperative in 
facilitating the program. The savings 
through garbage increased the 
collection of waste and people’s 
deposits in the cooperative.

The Barangay Council worked 
with the sitio leaders, homeowner 
associations, and other groups 
such as the women, the fathers, 
the senior citizens, and the 
youth. Their activities included 
awareness raising, implementation 
(segregation, recycling, composting, 
and marketing), monitoring, 
apprehension, and savings 
mobilization. 

The residents became more 
aware of the issues affecting the 
environment and the benefits of 
proper waste management to their 
families, community, and social 
relationships. Almost all practiced 
segregation of waste at source. 
Many became involved in recycling 
and composting and savings 
through “Kwarta sa Basura” project. 

Aside from encouraging people 
to sell their recyclables to the 
junk shops and do household 
vermicomposting, the barangay 
negotiated with the Cebu Business 
Park (CBP)–Ayala Center to allow 
the local government to manage its 
wastes. The partnership between 
CBP-Ayala Center and the barangay 
created a physical and social 
infrastructure for more productivity 
of the constituents, capability 
building and employment for 
many of the composers/recyclers, 
additional truck for the barangay, 

The practicality of earning cash out of garbage encouraged proper waste management, 
vermicomposting, and participatory environmental management in Barangay Luz, Cebu 
City.”

a 2,800 sq m area for composting 
and training, access to occasional 
product exhibits, and employment of 
many out-of-school youth in some 
establishments in the Center. 
The barangay’s waste was 
reduced to 28%, as 60% of its 
wastes were converted into cash 
through recycling and 10% through 
composting. The barangay was also 
able to extend the use of allocated 

fuel for garbage truck from 14 days 
to 30 days.

Culturally, the face of Barangay 
Luz has changed – from a 
slummy barangay to one that 
is categorized as “Class A” city 
area. The practicality of earning 
cash out of garbage encouraged 
entrepreneurship among local 
communities.

Barangay Luz became a model 
barangay for participatory 
environment management in the city 

as well as the country. It has gained 
several awards and has been invited 
to share and train other barangays, 
communities, local government, 
schools, and subdivisions within and 
outside the city wanting to replicate 
their efforts in ecological solid waste 
management.

Residents of Barangay Luz, Cebu City create products out of recycled trash. 
Photo by CTura
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shoots sold in the market. In the 
Philippine Bambusetum, machiku 
bamboo grows to a height of 14 m. 
This bamboo species is fast growing 
and can be propagated by seeds or 
by air layering.

A few meters down the foot path, 
a vegetative fence, composing of 
tonkin cane (Arundinaria amabilis 
(McClure) Keng f.) bamboos, protect 
visitors from sliding down a steep 
terrain. Tonkin cane bamboos are 
straight, upright running bamboos. It 
is propagated by offsets.

At the end of the tonkin cane 
bamboo foot path are two exotic 
species: the moso bamboo 
(Phyllostachys edulis) and the 
blowpipe bamboo (Bambusa 
dolichomerithalla Hayata). 
Composing of erect bamboo clumps 
with culms rising to a height of 6 m 
and dressed in evergreen foliage is 

a patch of blowpipe bamboo. The 
culms are erect and evergreen. One 
unique characteristic of this bamboo 
is that blades are often longer than 
the culm sheaths. Culm sheath 
grows to 14 cm long and 7 cm wide 
but the blade reaches 15.5 cm long 
and 15.5 cm wide. Blades are broad 
curving into pointed tips and have 2 
or 3 very slightly parallel creases.
Another exciting feature of the 
Philippine Bambusetum is its small 
moso patch. It is identifiable by its 
velvety culms. Formerly yielding 
small culms approximately 1 cm in 
diameter and 5 cm in height. This 
bamboo now yields culms with 
diameter ranging from 2 to 5 cm 
and it now reaches a height of 10 
m in the Philippine Bambusetum. 
It displays beautiful, small, yellow-
green leaves. The small plantation 
of moso bamboo now provides a 
very beautiful vegetative cover to the 
area. 

Also inside the bambusetum are 
various indigenous bamboo species 
commonly used by Filipinos in their 
day to day living.

Bamboos of all colors are also 
thriving in the area: black bamboo, 
evergreen, red, yellow, and purple 
bamboo. After 28 years of nurture, 
the Philippine Bambusetum has 
become an amazing showcase of 
bamboo species.

The beauty of Philippine 
Bambusetum has been captured 
in photos and interesting stories 
which are the main feature of 
WWRRC’s book titled “Selected 
Species of Bamboo in the Philippine 
Bambusetum” to be launched in 
November 2016.

Poles and culm sheaths of oldham bamboo. 
Photo by MPaunlagui.

The first author is Supervising Science 
Research Specialist and the second author 
is Center Head of the Watershed and Water 
Resources Research Center.

Blowpipe bamboo stand. Photo by MJZuraek
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URBAN HEAT ISLAND (UHI)
VERONICA M. MERCADO and CARMELA G. TAGUIAM, PhD

Urban Heat Island Profile. Graphics by MJLZuraek.

During the 18th century, 
urbanization was observed 
to have begun. Urbanization 

caused a change in population, loss 
and change of natural surface, and 
expansion of living space above and 
below ground (Yamamoto 2006). It 
also changed the energy and water 
balance processes (Grimmond 
and Oke 1991, Taha 1997) and 
dynamics of air movement (Doick et 
al. 2014, Rajagopalan et al. 2014). 
The increasing urbanization coupled 
with industrialization resulted in 
the deterioration of the urban 
environment (Priyadarsini and Wong 
2007).

The works of Oke (1982) and Feyisa 
et al. (2014), elaborated that the loss 
of vegetation raises the heat storage 
in the ground layer and building 
fabrics contribute to a higher level 
of air and surface temperature in 
urban areas as compared to rural 
surrounding areas, this process is 
then called urban heat island (UHI).

What is UHI phenomenon?

In 1833, the UHI phenomenon was 
first observed in London by Luke 
Howard (Chow et al. 2012); the city 

of London was then warmer than its 
surrounding suburbs. Meanwhile, 
Oke (1987) explained that UHI 
occurs when a city demonstrates 
higher mean average air 
temperature than their surrounding 
rural area. UHI is likened to an 
emerging “warm island” representing 
the elevated temperatures of an 
urban area among a “cool sea” 
of lower temperatures of the 
surrounding landscape. 

UHI is caused by a number of 
factors: transformation of natural 
landscape to urban use, loss of 
vegetation, increased engineered 
structures - buildings, roads and 
pavements - population growth 
due to migration, and increased 
anthropogenic heat emission, 
among others. All the identified 
factors contribute to the warming of 
the urban area. As a consequence, 
the conditions and activities in 
urban areas such as environment, 
economic, leisure, and even the 
wellbeing of the residents are 
affected.

Engineered structures occupy 
a large fraction of an urban city 
and considered as one of the 

primary causes of UHI. Corollary, 
densely packed buildings have 
been documented to increase 
the heat capacity of a city. One of 
the parameters of UHI is urban 
albedo. Albedo is defined as the 
capacity of a surface to reflect sun’s 
energy or the ratio of the amount 
of sunlight an object reflects to the 
amount it absorbs (Gabler 2008); 
quantitatively, its values range from 
0 to 1 (Dobos 2005). Low albedo 
materials, such as pavements, 
absorb more solar energy, and 
therefore intensify the heat island.

Moreover, trees and other vegetation 
are cleared for infrastructures and 
paved roads during urbanization. 
Such action entails limited 
vegetation and reduction of 
evapotranspiration capacity, hence 
intensifies daytime temperature 
(Yamamoto 2006). Simply put, less 
vegetation turn urban area hotter, 
drier, and uncomfortable to live in. 

Summertime boost the demand for 
air conditioning, causing more heat 
and carbon emissions into the air, 
thereby degrading local air quality. 
Higher daytime temperatures in 
cities may also increase the amount 
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of urban smog which is a threat to 
the human health. With exacerbated 
heat waves, health impacts include 
heat-related illnesses such as heat 
stroke; high temperatures also 
provide favorable conditions to 
certain diseases (McMichael 2000).

Mitigation strategies

To mitigate and minimize the effect 
of UHI, two countermeasures are 
proven as effective, yet, inexpensive: 

1. Using “Cool” or light-colored 
    surfaces
         • White roofs
         • White coatings
         • Light-colored paints
         • Concrete colored pavements 
2. Increasing the amount of 
    vegetation
         • Additions of trees and other          
           vegetation
         • Establishment of urban parks 
            and green spaces.
3. Other strategies to mitigate UHI
         • Greening of house or building 
            walls and rooftops
         • Centralizing control of  
 building exhaust heat
         • Building large scale 
 greenbelts
         • Reorganizing industrial or 
            commercial facilities in 
 relation to wind direction 

These mitigation strategies are 
being applied and implemented 
in several countries such as US, 
Japan, Germany, among others.

ERDB’s UHI research initiative

There is a proliferation of research 
information on UHI in cities from 
temperate countries, but limited 
among the cities in tropical 
regions (Rajagopalan et al. 2014). 
Particularly in the Philippines, 
research on UHI is still in its infancy 
stage. With the continuing threat of 
climate change, it is an immediate 
concern that needs to be addressed. 
The Philippine Atmospheric, 
Geophysical, and Astronomical 

Services Administration (PAGASA) 
has given warnings on the rising 
heat index leading to a much 
hotter summer, and long dry 
spells or drought due to El Niño 
phenomenon.

The ERDB through its newly 
created research division – the 
Urban Ecosystem Research 
Division (UERD) is mandated 
to formulate, implement, and 
coordinate integrated research, 
development, and extension (RDE) 
programs towards the improvement 
of urban areas. To counter the 
various effects of UHI, the UERD 
through its R & D program aims to 
promote ecosystems health and 
sustainability of urban areas. 
The program consists of three 
projects: R & D for the management 
of commercial and industrial zones 
at highly urbanized areas; R & 
D for improving and enhancing 
healthy ecosystem for communities 
and settlement areas; and R 
& D for improving green parks 
and recreational areas at highly 
urbanized areas. Through these 
research initiatives, measures to 
mitigate the impacts of UHI will be 
identified and recommended to 
improve the urban environment.
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...industry continued from page 3...

Table 1 Grades and specifications for kawayan tinik poles
GRADE SMALL-END

DIAMETER
(min) mm

POLE 
LENGTH

m

CULM-
WALL

THICKNESS
(min) mm

INTERNODE 
LENGTH
(min) cm

POLE 
TAPER
(max)
mm/m

Butt 
section

G1
G2
G3

100
75
50

1.0 - 2.5
1.0 - 2.5
1.0 - 2.5

20
20
15

-
-
-

5
5
5

Middle 
section

G4
G5
G6

100
80
60

2.5 - 4.5
2.5 - 4.5
2.5 - 4.5

10
8
6

35
35
25

5
5
5

Top 
section

G7
40 2.0 - 3.0 4 - 5

process more complicated and 
costly.

Clearly, more entities should be 
motivated to engage in the activity. 
The government should establish 
micro or small processing facilities 
in strategic locations, partnering 
with private entrepreneurs who 
will operate the same as pilot-
commercial enterprises and learning 
centers for interested parties. 
Operating these enterprises at 
a commercial level is critical in 
demonstrating the enterprises’ 
viability; otherwise, potential 
investors will remain ambivalent to 
the proposition. Training activities 
and/or learning sessions could be 
scheduled during slack periods 
so as not to interfere with the 
enterprises’ primary focus. The 
suggested scale of the facilities is to 
conform to the potential supply in a 
given location knowing fully well that 
the resource is sparsely distributed.  

The primary processors are a critical 
actor in the supply chain. They 
take on a combination of different 
roles like 1) local pole buyers 
that consolidate pole supplies, 
2) merchandisers that allocate 
pole-length poles into short pole 
segments, 3) quality assessors that 

classify poles into quality grades, 4) 
processors that convert raw poles 
into materials like slats, lumber, 
veneer, etc., 5) preservers that treat 
materials to make them last, and 
6) distributors that feed the supply 
chain of standardized and/or treated 
materials. Their mere existence in 
an area builds motivation on the 
part of pole producers to manage 
their crops and continue feeding 
the supply chain. In time though, 
the pole producers will assume 
as in other industries the role 
of merchandiser and/or quality 
assessor to boost their individual 
income.

Thus, it is urgent to recognize and 
support the primary processing 
sector to boost the flow of raw 
materials in the supply chain.

Trading of poles

At the very front-end of the supply 
chain an exchange occurs between 
the seller-pole producer and the 
buyer-primary processor. When 
the parties feel fairly compensated 
the transaction pushes through. 
Although transactions may push 
through without the aid of product 
quality standards soon when one 
party feels cheated, the exchange 

may stop and cause the supply 
chain to dry up – a situation that 
the industry definitely avoids. Thus, 
the rules of the game, so to speak, 
must be established to govern the 
activity and used as objective basis 
for resolving conflicts that may arise 
in the process as well.  

While there are quality standards 
used by pole buyers these are not 
sanctioned by the government and 
designed primarily for their benefits. 
At present, there are no formal 
quality standards that govern the 
trading of poles, which places the 
seller at the mercy of the buyer. It is 
important that formal product quality 
standards be designed and made 
mandatory as opposed to voluntary 
in their implementation to equitably 
benefit the transacting parties. 
Only when the implementation is 
mandatory that these engender trust 
and confidence between the parties, 
which when nurtured will ultimately 
boost the flow of the supply chain.

Product quality standards are 
designed specifically to distinguish 
quality differences between 
products. Associated with quality 
differences are price differentials 
that matter much to the transacting 
parties, which could serve as 
guidepost for pole producers in 
managing their bamboo stands 
and primary processors to achieve 
economy in their manufacturing 
activities. In both cases, product 
quality standards serve to achieve 
higher income.

In an earlier work, the author 
(2004) designed product grades 
and specifications for kawayan 
tinik poles that considered buyer-
designed quality standards used at 
the time. It was presented during 
the IV National Bamboo Congress. 
Table 1 presents the modified 
version of said product grades 
and specifications, which may be 
adapted for the industry. It includes 
a list of rules on pole inspection and 
assessment (Box 1).
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Obviously, the grades and 
specifications discourage the selling 
of pole-length poles and suggest 
that seller-pole producers take 
on the roles of merchandiser and 
quality assessor to increase their 
income.  

The domestic market  

Executive Order (EO) No. 879 
ordered the Department of 
Education (DepEd) to “procure the 
equivalent of at least 20 percent 
of the annual school desks and 
armchairs requirements of all public 
and elementary schools nationwide.” 
In addition, it prioritized “the use of 
bamboo in furniture, fixtures and 
other construction requirements of 
government facilities.” Effectively, the 
EO expanded the domestic market 
for bamboo products particularly 
furniture, fixtures and construction 
materials. Needless to say, the 
mandated expansion is huge. It is 
a major boost to the industry that 
could sustain its growth for years to 
come.  

Unfortunately, it doesn’t seem that 
the industry is positively translating 
the directive into concrete activities 
to fill the demand. Somehow 
something is holding back the 
industry. In one of his discussions 
with DepEd officials in Ilocos Sur 
the author learned that there are 
few bidders for bamboo-specified 
school desks and armchairs such 
that these are barely satisfied. 
Apparently, the situation is not 
unique to Ilocos Sur as confirmed 
in conversations with other bamboo 
advocates. 

The presentation of a study that 
included value chain analysis 
for armchairs using engineered 
bamboo in Iloilo concluded that 
the production cost exceeds the 
purchase price of DepEd (Maroma 
2014). This appears to be the red 
flag.  

Bamboo boards or more popularly 
known as engineered bamboo are 
manufactured products that go 
through a process of lamination. 
Usually, bamboo slats are 
composed to desired dimensions 
and bonded together to become 
boards. As stated earlier, the whole 
process is more complicated and 

Box 1 list of rules on pole 
inspection and assessment 
1.    All measurements shall follow      
      the metric system.
2.   All measurements shall be   
      recorded to the nearest lower 
      reading of the unit of measure 
      appropriate for the quality 
      feature.
3.   The minimum diameter and the 
      culm-wall thickness shall be      
      measured at the small-end of      
      the pole.
4.   Nominal lengths of poles shall     
      be at 0.5 m interval and each      
      pole shall include 5 cm 
      allowance.
5.   Pole taper shall be measured 
      as the difference of the large-      
      end and the small-end       
      diameter measurements       
      divided by its length.
6.   Internode measurements shall 
      be made at the center of the 
      nodes. 
7.    Poles shall be fairly straight 
      sweep.
8.   Poles shall be free from insect      
      and/or fungi infestations.
9.   Except for knots, no obvious       
      cuts across the grain, holes, 
      scars and bruises beyond the 
      skin or epidermis of the culm 
      by whatever means shall be 
      allowed. 
10. Except for ordinary surface 
      checks, no splits shall be 
      allowed. 
11.  Poles shall be fairly fresh (not
      more than 15 days after 
      harvest).  
12. Poles not consistent with the 
      grade specifications shall be 
      considered special grade, 
      when graded better than any of 
      the specified grades or reject, 
      when graded lower. 

costly than sawing boards from solid 
tree trunks. Further, the process of 
lamination, when done correctly, 
imparts desirable features like high 
dimensional stability, aesthetic 
value, etc. to the board which are 
not intrinsic to solid wood boards. 
Thus, it goes without saying that 
laminated bamboo boards and the 
products like desks and armchairs 
to which these are subsequently 
converted to should be priced higher 
than those of solid wood. Price-
wise, it would be unfair to lumped 
laminated bamboo boards and solid 
wood boards together.  

The implementing guidelines 
of EO 879 primarily in the case 
of school desks and armchairs 
should be revisited to ensure that 
the DepEd’s cost estimation and 
pricing consideration conform to the 
production standards for laminated 
bamboo boards. When correctly 
considered and executed together 
with the other suggestions, it should 
boost and open the flood gates, so 
to speak, for massive activities in 
the industry.
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A significant and harmful 
consequence of excess carbon 
dioxide in the atmosphere that we 
don’t see or feel because its effects 
are happening underwater. At least 
one-quarter of the carbon dioxide 
(CO2) released by burning coal, oil 
and gas doesn’t stay in the air, but 
instead dissolves into the ocean.

Since the beginning of the industrial 
era, the ocean has absorbed some 
525 billion tons of CO2 from the 
atmosphere, presently around 22 
million tons per day.

When carbon dioxide dissolves 
in seawater, the water becomes 
more acidic and the ocean’s pH (a 
measure of how acidic or basic the 
ocean is) drops.

- The Ocean Portal Team, 2016. http://
ocean.si.edu/ocean-acidification

With a pH of around 8, seawater is 
naturally alkaline. But, as the oceans 
absorb CO2, it turns to carbonic 
acid. This doesn’t immediately 
make the oceans acidic, but it is 
causing them to become gradually 
less alkaline. Since the direction of 
change is towards the acid end of 
the scale, the process is known as 
ocean acidification.

-Climate brief ltd., 2016. https://www.
carbonbrief.org/ocean-acidifiction-
decline-of-great-barrier-reef-likely-to-be-
worse-than-feared

In fact the shells of some animals 
are already dissolving in the more 
acidic seawater, and that’s just one 
way that acidification may affect 
ocean life. Overall, it’s expected to 
have dramatic and mostly negative 
impacts on ocean ecosystems.

Beyond lost biodiversity, acidification 
will affect fisheries and aquaculture, 
threatening food security for millions 
of people, as well as tourism and 
other sea-related economies.
What we can do is to lower how 
much carbon dioxide we use every 
day. Reduce your energy use at 
home by recycling, turning off 
unused lights, walking or biking 
short distances instead of driving, 
using public transportation and 
supporting clean energy such as 
solar, wind, and geothermal power. 
Even the simple act of checking 
your tire pressure (or asking your 
parents to check theirs) can lower 
gas consumption and reduce your 
carbon footprint.

-The Ocean Portal Team, 2016. http://
ocean.si.edu/ocean-acidification


