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Tatlong linggo matapos ang pagputok ng Bulkang Taal noong Enero 12,
2020, ibinaba ng PHIVOLCS ang Alert Level mula sa 4 patungo sa 3. Sa
panahong ito, mahigit 400,000 katao ang naapektuhan. Sa
pamamagitan rg mga larawang kinuha mula sa kalawakan at iba pang
nakalap na impormasyon, naipakita ang mga epekto ng pagputok ng
bulkan sa kapaligiran at sa komunidad. Gamit ang mga larawang kinuha
mula sa kalawakan, napuna ang pagkatuyo ng lawa sa bunganga ng
bulkan, ang mga abong ibinuga nito sa Pulo at sa mga karatig na
probinsya, ang paglabo ng tubig sa Lawa ng Laguna, ang pagkasira ng
mga palaisdaan, at ang pagbabago ng hubog ng lupa. Binalot ng abo ang
mga bayan sa kanluran ng Lawa ng Taal. Ang mga bayang ito By s
ring dating kinalalagyan ng mga bayang winasak ng pagputok ng
Bulkang Taal noong 1911. Mayroon ding pagkakapareho sa mga lugar
na nakaranas ng mga pagbitak ng lupa, sa mga lugar kung saan naitala
ang mga bitak noong 1911.

Summary

Three weeks after Tah
2020, PHIVOLCS lowered the Alert Level from 4 to 3. At this time, more
than 400,000 people have been affected. Satellite images
complemented with reports from the ground revealed environmental
changes and socialimpacts of the eruption. Satellite observations
AAOAAOAA AOUET C T &£ 4AAI 30 AOAOAON
the surrounding provinces, increased turbidity in Laguna Lake,
damaged fish pens, and ground deformation. Ashfall covered towns
north and west of Taal Lake. The towns west of Taal Lake greatly
covered by ash in this recent eruption were the previous location of
towns that the 1911 eruption obliterated. Similarities with the location

of the fissures were observed after comparing maps ofhé 1911
eruption with the data of the 2020 eruption.
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Overview of Impacts

Overall, Taal {Figurec1a
damaged houses, blocked roads, interrup
the power and water supply, and halt
airport services, and displaced more th
400,000 peopléFigure 2)

TROPOMI detected volcanic SO2 that may
affect public health, especially of those in
Southern Luzon suffeng from respiratory
diseases like asthma.

Observed changes on Taal Volcano Island
include drying up of the crater lake and
change in land cover from vegetation and
bare soil to ash.

Turbidity Index (NDTI) showed no
significant changein Tadla k e 6 s
after the eruption but showed increased
turbidity in Laguna Lake.

Groundbased reports documented the drying
up of Pansipit River.

Satellite images have also detected damaged
fish cages resulting in fish kills as an impact
to aquatic fie.

Satellite images show ashfall covering the
towns west and north of Taal Lake reaching
as far as Sta. Rosa, Laguna.

Earthquakes were recorded west of Taal
Volcano. Radar images captured detected
uplift southwest of Taal Lake and subsidence
northeast bTaal Lake.
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Figure 1: Location map of Taal Volcano
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1. SGAOT |

Taal Report Part | and Il discussed the
OAAAT O PEOAAOEA A0
quality. Among the gases released after
this eruption was sulfur dioxide (SQ).
The Ozone Mapping Profiler Suite
(OMPS) on the NOAAIASA SuomiNPP
satellite detected the sulfur dioxide in
the stratosphere on January 13, 2020.
OMPS detectedip to 40 Dobson Units
(DU) of volcanic SO. traces (see Figure
3). Starting its eruption on January 12 up
to January 17, Taal released 6,500 tons
of SQ per day [1]. Emitted SQ

continued to drop in the past days. As of
the writing of this report, SQ emitted

was 87 tonnes/day, according to
PHIVOLCS [5].
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Figure 3. OMPS volcanic S@easurement in January 13, 2020 [20]



1.1 Impactsof SQon the Environment

HEALTH EFFECTS
Volcanic eruptions can release a substantial amount of 5@
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eruption in 1991 reportedly emitted more than 15 million tons of SQ
into the stratosphere that mixed with water to form tiny sulfate
aerosols that reflect solar radiation into space reducing global
OAi DAOAOOOA +ruyYs8 #1101 PAOAA xEOE
eruption emitted significantly lower SG to affect global temgerature
[1]. However, if injected into the troposphere, S®can combine with
water and air forming acid rain. Acid rain causes deforestation and can

acidify water bodies. Acidic water can also harm aquatic life. Although
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the eruption came with light rainfall with volcanic lightning in the ash respiratory  cardiovascular

clouds, heavy and prolonged rainfall was not reported [2]. As of now, Byshom il
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available.
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Hardly visible, SQ can be deected by its characteristic

pungent odor. Exposure to SOA A1 EOOEOAOA A DPAOOI T80 AUAOG AT A
respiratory system, the latter especially for people with respiratory elderly those with  children
diseases like asthma [5]. Elderly and children are also highly vulnerable lung disease

to exposure to S@ (Figure 4) [5][10]. Long-term exposure to volcanic
SQ can lead to fatigue, headaches, and allergies [7].

Figure 4. Effects of Sulfur Dioxide on health [19]
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2. Changes on the Taal Volcano Island @ O1 1 8
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The crater rim generally stayed the same buthe water inside the Crater Lakeindicated by the black line in Figure Sevaporated
after the eruption leaving only some water at southwestern side inside the White Lak@n which broken lines) that was formed

after the 1911 eruption. After 14 days, the water extended southwestwards beyond therater floor (1911) and Crater lake
(2019). A vent has also occurredt the southeast end of the Crater Lake

12100

Yellow Lake (1904)

White Lake (1911)

Figure 5.Changes in the main crater from January 16 to January 26, 2020 with the outlines of the Yellow Lake, Green Lake, and the actter on 1904
as drawn by Sec. Worcester, the White Lake as drawn by Fr. Maso in 1911, and the Crater Lake 2@18 Landsat image.Image processed using
KOMPSAT3A data of Korea Aerospace Research Institute obtained from Sl Imaging Services



Two weeks after the eruption, SentineR captured a truecolor satellite image compared with the preeruption image taken by Landsat 8
(Figure 6). The comparison confirmed the drying up of Crater Lake. A Finnish radar satellite image (Figurg showed that the crater lake did not
completely disappear, as part of its Yellow Lake shown in Figure 3 maintained some water [7]. _

Dec. 3,2018

Figure 6. True-color Landsat 8 and Sentinel 2 images takemn December 3, 2018 and Jan. 28, 2020 show the small islet in the dried up crater lake
(image processed using data from United States Geologic Survey via earthexplorer.usgs.org and European Space Agency viacogarnicus.eu)
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Main Crater on January 16, 2020 [7]



The recent eruption continues to influence the transformation rainwater accumulates during the rainy season. After its eruption on
I £ 4AAT 80 AOAOAO8 (EOOIBOEARAN T & @b QienkxEyA3d, 190 FtAeCerater fornked one larger lake called the White
changed after its previous eruption on January 30, 1911. Before its Lake. Eventually, water accumlated and filled the entire area within
eruption in 1911, the crater had two main lakes, which Secretary the dotted line which is the extent of the Crater Lake before its most
Worcester, the interior secretary during the American occupation in OAAAT O AOODPOEI T8 )1 OEA AAOGA 1T £ 4AAI
the Philippines, called the Green andrellow Lakes (see Figure3).

6 C
captured by the ICEYE Radar on January 16, 2020.
Worcester noted that the Red Lake temporarily appears when
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showing lava in red and hot surface in blue after its 2020 eruption (from Manila Observatory archives and image processedrfriSentinel2 image
obtained through scihub.copernicus.eu)



2.2 Ash fall on Pulo

Three days after its most recent eruption, ash was detected over most of the Taal Volcano Island. In Fid&eash deposits covering Taal Volcano Island are
highlighted in red. Ash has a lower dielectric constant compared with vegetation that previouslyoeered the island. Lower dielectric constant means less backscatter
over the island for the posteruption image in Figure9a. Backscatter over the island was also reduced after the eruption, asbhnd penetrates through the dry soil.
When combined with the pre-eruption image, ash fall appears red.

Pulo was stripped of its preeruption natural colors as grey ash eventually settled to blanket the green undergrowth covering the terrain wekhown to tourists
and local tourist guides. This change is showin the comparison of true-color images fromLandsat 8 taken on December 3, 2018 and Sentinel 2 taken on January 28,
2020 (Figure 9b and 90).

1 05 1 1

Kilometers Kilometers Kilometers

May 5, 2019 and @
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Figure 9. Pre and posteruption Radar andTrue Color Composite Images dhe volcano island(image processed using data frordAXA ALOR obtained
through Sentinel Asia, Landsat 8ia earthexplorer.usgs.org andsentinel 2via scihub.copernicus.el

Jan. 28, 2020



3. Impacts on Taal Lake

3.1 Water quality

Turbidity is a measure of water clarity. Turbid water is usually characterized by a high concentration of suspended solidenfotely, turbidity
can be detected through an index called Normalized Difference Turbidity Index (NDTI) [8]. NDTI yields valuesrfrel to 1, with 1 indicating high
turbidity and -1 indicating low turbidity. In Figures 8 to 11, red signifies high NDTI values while blue signifies low NDTI values.

We compared the NDTI of Taal Lake on December 3, 2018 and January 23, 2020 (Figueand noticed no significant difference in NDTI
values. White patches are points without data due to cloud cover. Note that some (bluer) portions of the lake have shadows casted by clodd
shadows could have reduce the detected turbidity in theimage.
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Figure 10. NDTI of Taal Lake before and after its eruption on January 12, 2020 (image processed using Landsat 8 image ¢akBecember 3, 2018 and
January 23, 2020 obtained via earthexplorer.usgs.gov)



The difference in NDTI was more pronounced in Laguna Lake (Figures 10 and 11) than in Taal Lake. However, further investigats
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Figure11: Lagunala® 6 O . $ 4 and ditédr4EA DR 3 O oh b B2| 2020 (image processed using Landsat 8 image taken on December 3,
2018 and January 23, 2020 obtained via earthexplorer.usgs.gov)



3.2 Pansipit River drying up

Taal Lake, a prime tourist spot and
source of livelihood in the area, empties
Balayan Bay through the Pansipit River. T
river is also being developed into a tour
destination. Local government and residents
protecting it by ensuring the river toebfree
from obstruction because of its importance ‘ - . 7 2

' Taal Lake. Last January 15, 2020, reside : R st ' bl
observed that a portion of the Pansipit Ri\ ; ' '
dried up as shown in Figure 12. PHIVOLC
explained that the buildp of magma undel
Barangay Tatlong Maria causéide ground to
swell and the water in the river to recede [10].

¥
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Figure 12. Image of Pansipit River from Pansipit Bridge before and after T
Vol canodés eruption (image by Ramon F. Vel as
wikipedia and from ONENEWSROOM on January 14, 2020)
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3.3 Aquatic Life

Fi shkil/ f e@rudtion e tte
|l akeds acidity and te
concentration of sulfur upwelling from th
ground to the | ake ct
a level that is fatal to aquatic life [12]. The mc
common species of fish in the lake Tdapia.
Other species in Taal Lake afBawilis and
Maliputo. Af ter Taal 6s er
Union for Conservation of Nature (IUCN
consideredrawilis as an endangered species [9].

3.4 Fish pens and fisheries e
" BATANGAS' 3 3 Legend

.- Banyaga. 2 G KA . ; A Taal Volcano Eruption

P Municipal Bound.
T a a erdpson damaged thousands ° A;lefapisho::n "

fish cages as detected on radar images capt & % b el g i Ash Deposit
before and after the eruption (Figure 13). T: S
Lake lost more than 15,000 metric tons of fi
[9] amounting to PhP 1.6 billion [12].
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Figure 13. Affected fish peand detected ash deposit (map processed us
image from JAXA acquired through Sentinel Asia and information on
fishpens and ashfall extracted by Asian Institute of Technology).



4.

Impacts of Ashfall on the Surrounding Municipalities
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12, 2020. The following day, smoke and ash coming from Taal Volcano moved southwestward towards Agoncillo, Lemergl, Baal as shown in Figure
14.
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4.1 Detectable ash deposits from space

On January 12, 2020, volcanic particles were transportdaly high elevation winds northward (see Part | Report). The Sentine&? image taken on
December 3, 2018 (Figures 15a) showed the towns around Taal Volcano before it erupted. The following image (Figure 15b) shibashcovered
municipalities along the northern shores of Taal Lake. Ash deposits were seen as far as Sta. Rosa Laguna (Figure 16). The image also showed ash
covering the western shores of Taal Lake specifically the municipalities of Laurel and Agoncillo, two of the municipalitiesder lockdown (highlighted
in yellow). On January 26, 2020, the lockdown of other municipalities, except Laurel and Agoncillo, were lifted.
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Figure 15. Preand posteruption image of Taal and neighboring provinskswing the estimated extent of ashfall detected bgakalite(image
processed using Landsat 8 from United States Geological Survey via earthexplorer.usgs.gov and Seaidificlm European Space Ageney
scihub.copernicus.eu with information from NDRRMC Situation Report and Openstreetmap.org
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processed using Landsat 8 from United States Geological Survey via earthexplorer.usgs.gov andriit data from European Space Agency via scihub.copernicus.eu)
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eruption shows Laurel as an asttovered town (Figure 17 and 18) The downtown area including some key locations of Laurel was covered with ash
(Figure 18). The surrounding agricultural lands have also been covered by ash. From the same image can be inferred former towns that were
AT 1 D1l AGAT U T Al EOAOAOGAA AEOAO OEA pwpp AOODPOEIT 1T £ 4AAIl &urént Bornfe@Adil@l Ah OEA
Bayuyungan, the Municipality of Laurel is now home to roughly 40,000 people whose main source of livelihood is fishirg 6hownin Figure 13) and

farming (see the location of croplands on Figure9). In addition,among the municipalities within the 17km danger zone, Laurel has the highest poverty
incidence.
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Figure 17. True color image of Laurel, Batangas, taken befofpril 6, 2019) and after (January 16, 2020}he eruption (image processed using
KOMPSAT3A data of Korea Aerospace Bsearch Instituteobtained from Sl Imaging Services
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4.2 Land cover

Within the 14 and 17 km danger zones, there are mostly perennial croplands along the east and west shores (Fig@g These perennial
croplands are sources of high value cash crops that incurred roughBhP 1.4 billion [14] worth of damage within the affected areas. Affected crops
include pineapples, coconuts, and coffee. Brushland patches can be found on the borders of Laurel and Agoncillo and betwaksay and Tagaytay.
Most of the builtup areas within the 14 and 17 km danger zones are located in Tagaytay. Some buift areas are also located in Lemery, Talisay
(former location of Tanauan) and San Nicolas (former location of Taal).
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4.3 Buildings and evacuation sites

Of the cities and municipalities within the 14 and 17 km danger zones, Tagaytay City has the most number of buildings (Figg0g Ashfall
covered the buildings and other built structures in Laurel and Agoncillo in Batanga#side from these two municipalities, Lemery, Tanauan, and Talisay
in Batangas were also covered with ash. Similarly, buildings in Amadeo, Silang, and Tagaytay City in Cavite were affectedhfgll. Ashfall was also
remotely-detected to cover buildingsin Sta. Rosa and Calamba in Laguna. On the ground, ashfall was reported in other parts of CALABARZON, Metro
Manila, and Central Luzon. Some evacuation centers are located within the 17 km danger zone but most are not affected bylaskfost of these

evaaiation centers are located in highlypopulated barangays outside the danger zone (Figurelzand 22).
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Figure 20. Buildings and ashfall (as of January 23, 2020) (data source: Google Consolidated map of evacuation cemter©penstreetmap.orgAsh of aroind 10 cm thick
accumulated on top of a table in Busbuso, Laurel, Batangas. Roof of a basketball court collapsed due to the weight of the ash. Photos taken on March 4, 2020)




4.4 Population and Development
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these highly-populated areas of Laguna. Even though the population is not as high and as concentrated in the towithin the 14 and 17 km danger
zones, e residents within the 17 km danger zones had to evacuate their homes and leave their properties.
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Flgure 21. Barangay Population (2015) (data source: Philippine Statistics Authority)
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Within the danger zone, thepopulation density (Figure 22) was highest in the former locations of Taal, Tanauan, and Lipa (see Figurg @nhd
Figure 24). These towns were greatly damaged and had to be relocated to their present site after the 1754 eruption, the strongestAfATI dpflon A0 O
recorded history.
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Figure 22. Barangay Population Density (2015) computed as the barangay population per square kilometer



The 1911 eruption was the last eruption that happened on the main crater of Ta&lolcano. This eruption obliterated towns on the volcano
island and towns on the western shore of Taal Lake, now replaced by Laurel and Agoncillo, as shown in FiguBe® 25.
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Figure 23. Sketch map of Taal after its eruption on
January 30, 1911 made by Fr. Maso [21]

2g

" odmbulong _0/.
— A e,

SR N

“l}Wn""'l

{01 Sala

57

0 o 8

SeMapdang Bato /]
A ,‘,ﬁ!?;inmhg),{ml: 3 (S t

N\

paBP

Towns destroyed. previous Eruptions X
Barrios " recent M A
Existing fowns °
Existing borrios o
Fissure Hines ABCOD. —~+—+—s—- =

Figure 48 7 1 OA A O & fodbTanl Violdabo Eruption (Map source:
1912 The National Geographic Magazine compilation) [22]




Figure 58 - AD OEI xE1 C OEA AAi ACAO AAOAA i1 71 OAAGIIERDSEO AT A -AOI 80 - /



