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Foreword

This working paper is basically identical with nhesis, which was created over a period of
about two years from the first ideas on the topi¢-ebruary 2005 to the finalization of this
written document in February 2007. Starting from geyeral interest in how natural systems
and human societies interact, | found an intergstimd challenging surrounding at the Insti-
tute of Social Ecology in Vienna, where interdisicigry approaches are used to tackle ques-
tions of society-nature relations. The topic of mgearch was established and developed in
talks with my promoter Helmut Haberl. | spent fiw@nths at the University of the Philip-
pines in Los Bafos (UPLB) from October 2005 to Nta2006. This stay was a valuable ex-
perience. | was able to attain valuable informaaod data for my study, and was introduced
to various realities and beauties of the Philippirigack in Austria, my research gained shape

through numerous discussions with the people ainteute of Social Ecology.

This work would not have been possible without sbpport of many. My gratitude belongs

to:

* my promoter Helmut Haberl, Karlheinz Erb and Friddrausmann at the Insti-
tute of Social Ecology for guiding me through threqess of establishing this the-
sis, for their support and the fruitful discussions

* Annabella and Elmar, my fellow “HANPPies” who helpme a lot through fre-
qguent discussions and exchange of information; Aaha deserves a special men-
tion for proof-reading this thesis and helping mthwny English;

» the KWA-scholarship programme of the University \dEnna, the Julius-Raab
Stiftung and the Studienbeihilfenbehérde for finalg supporting my research
stay at the UPLB;
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Marc who provided me with valuable information ofe lin the Philippines and
Los Bafos and established the contact to the UREtdigh his former supervisor;
Damasa M. Macandog who hosted me at the UPLB amtk mgy stay both pleas-
ant and successful; she introduced me to a nunilexperts, helped me in gather-
ing data and knowledge and provided me with a waylspace in her office; there
| found friends in Edwin, Girlie, Levi and Rick wtsupported me in my work and
taught me about life in Los Bafos;

Philippine scientists who shared their knowledgd provided me with publica-
tions and data. These include: Rodel Lasco, Robédoo, Lucila Lapar, Leovina
Tandug, Arnold Olave, Alma Arquero and Pinky Taasar

many who helped me and of whom | often do not eussw the names, such as
the helpful library staff at IRRI and at PCARRD;

all my friends, who gave me backing to keep myitgphigh through the process
of my thesis and throughout my whole studies; Indb have to mention names
here; those concerned will know, should they ewthér to read this;

Lea, who shares my feelings and was always therméoover the past two years;
and finally,

all my family for supporting me throughout my stesliand distracting me when

necessary.

The photos used to frame the different chapter®e waken during my research stay in the

Philippines. An appendix, consisting main inputadahajor results and factors used, accom-

panies the hardcopy of my thesis in digital form@D. Spreadsheets and further information

can be obtained from the author; please send arrynip thomas.kastner@gmx.at

Vienna, February 2007,

Thomas Kastner
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Abstract

Human land use practices alter ecosystem energys fto a significant degree. This work
uses the “Human Appropriation of Net Primary pracut (HANPP) as an aggregate meas-
ure to quantify this human dominance over natutee $ystem under investigation are the
Philippines on national level, the timeframe isfsein 1910 to 2003. This study provides the
first long term time series of HANPP for a tropicveloping country with a colonial history.
Available statistical data and simple model assionptare used to generate a continuous
assessment of HANPP and its subcomponents whidhdecduman biomass harvest. This
makes it possible to trace fundamental changesumahn land use practices, in socio-
economic biomass metabolism and in agriculturatipctivity.

The results show a two-fold increase in HANPP dkierperiod observed. The human popula-
tion of the Philippines increased 10-fold withirettkame timespan. Drastic changes in human
biomass use had to occur to maintain biomass supplgasic human needs, such as food,
feed, and fuel. Over the last decades HANPP wasntmusly high; significantly over 50%.
Less than half of the potential ecosystem proditgtremained in the system to be used by
other organisms. The observed changes in societalass metabolism include an aerial ex-
pansion of permanent agriculture in a first phase #he shift to “modernized” intensified
agriculture in a second phase. While the first phaas related to strong increases in HANPP,
the second phase, which started in the 1960s hatlsd-called “Green Revolution”, was char-
acterized by increased biomass harvest throughgriger area yields. The latter process con-
tributed to a stabilization of HANPP, which was i@sled through high external, fossil fuel
depended inputs and linked to environmental casish as eutrophication and contamination
through pesticides. Other developments that ilaisthigh human pressure on nature include
the overexploitation of forest resources, which e peak in wood production in the early
1970s and a drastic decline since then; migratiows from regions with deteriorated or
overused natural resources; the change to a negaliysical biomass trade balance in the
1980s. Consequently, the results of the preseesshrch suggest that the nation might be at

its biophysical limits in relation to a number Gipacts.
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Deutsche Kur zfassung

Die vorliegende Arbeit beschaftigt sich mit Gesgiisfts-Natur-Beziehungen im Allgemeinen
und mit dem menschlichen Einfluss auf 6kosysterféiisse im Speziellen. Nettopriméarpro-
duktion (NPP) ist die Menge Kohlenstoff, der vonaawophen Organismen (vor allem griinen
Pflanzen) innerhalb einer definierten Zeitspanrsnaitiert wird. Sie stellt damit die Energie-
basis fur heterotrophes Leben dar. Anthropogenedhaizung verandert natirliche NPP-
Flisse signifikant. Um die menschliche Dominanzjaantifizieren, wird in dieser Arbeit das
Konzept der menschlichen Aneignung von NPP (HANR&Wwendet. Dabei werden zwei
Prozesse berticksichtigt: i) Verminderung der nafieh Produktivitdt durch Landnutzungs-
anderungenANPR ) und ii) NPP-Entnahme durch die Ernte von Biomgb&eR,). Die Stu-
die beschrankt sich aufgrund der Datenlage auftatiestrische, oberirdische Produktivitat
(ANPP). Das untersuchte System sind die Philippengmationaler Ebene tber den Zeitraum
von 1910 bis 2003. Damit stellt die vorliegende ditldie erste HANPP-Zeitreihenanalyse

fur ein tropisches Entwicklungsland dar, die eipeatk lange Zeitspanne abdeckt.

Die Philippinen sind ein Inselstaat mit insgesab#rir000 Inseln, wobei die gréf3ten elf 94%
der Landesflache ausmachen. Sie werden zum insugidostasien gezahlt und liegen zur
Géanze in den Tropen. Das Klima ist Uberwiegend Hetropisch mit reichlichen Nieder-
schlagen. Uber den betrachteten Zeitraum erlelgeldad eine Bevolkerungsexplosion um
den Faktor zehn, von 8,2 Millionen 1910 auf 82 Miil 2003.

Zur Berechnung der HANPP war die Erhebung folgetigens in Zeitserien notwendig:

ein Landnutzungsdatensatz;

die Produktivitat der potentiellen Vegetation;

die Produktivitat der aktuellen Vegetation;

» die geerntete Biomasse; dabei wurden folgende BseZgerticksichtigt:

- die Ernte von landwirtschaftlichen Produkten, irshle anfallender Nebenpro-
dukte;

- die von Nutztieren geweidete Biomasse;

HANPP in the Philippines 1910-2003: a socio-ecalabanalysis 6



- die Holzernte, inklusive im Wald verbleibender, lder Ernte getoteter Bio-
masse.

- die durch vom Menschen verursachte Feuer verbrdiaotmasse;

Bei der Erstellung der Zeitreihen-Datensatze wana®ichst auf statistische Daten zurtickge-
griffen. Wo dies nicht moglich war, wurden Entwigkbjen mit einfachen Modellannahmen
rekonstruiert. Als besonderes Problem stellte diaf Erstellen eines konsistenten Landnut-
zungsdatensatzes heraus, da hier die Daten oftniieit und unzuverlassig waren. Letztend-
lich konnte ein ,best-guess” gefunden werden, reindes moglich war, die fir die Arbeit
wichtige Produktivitat der jeweils aktuellen Vegesa abzubilden. Fir die Biomasseernte
wurden in groBem Umfang historische Quellen gesiclitir die von Menschen verursachten
Feuer konnten nur sehr grobe Schatzungen gefuneéedew, obwohl Wanderfeldbau und
Brandrohdungswirtschaft, vor allem historisch, deh Philippinen eine bedeutende Rolle
spielen. Dadurch wurde die so verbrannte Biomagdd aur Ganze in die Zeitreihe integ-
riert, sondern konnte lediglich als zusatzlichebgré\bschéatzung prasentiert werden. Fir die-
se Abschatzung diente ein einfaches Modell, dasBarhassebestanden pro Flache und so
genannten ,combustions factors” (d.h. dem Anterlls Feuer verbrannten Biomasse an der

Gesamtbiomasse) basiert.

Die Ergebnisse der Arbeit zeigen einen deutlichestiég der HANPP Uber den betrachteten
Zeitraum, von unter durchschnittlich 3 Tonnen Teaukasse pro Hektar und Jahr (t
DM/ha/a) am Anfang der Zeitserie auf Uber 6,5 t BMé& an deren Ende. Die naturliche ober-
irdische Produktivitat des Landes liegt ca. 11[JM/ha/a. Bei Berlcksichtigung der durch
Brandrohdungswirtschaft verbrannten Biomassendtth immer fast eine Verdoppelung der
HANPP Uber den Verlauf des 20ten Jahrhunderts lautlen letzten Dekaden liegt die
HANPP uber 50%, das heil3t weniger als die Halftendlirlichen oberirdischen Produktivi-
tat verbleibt in den Okosystemen. Bei solch hohensahlicher Dominanz lber natirliche
Systeme sind drastische Auswirkung auf die BiodiNvatr zu erwarten. In der Tat weisen die
Philippinen einen sehr hohen Biodiversitatsverhugt das Herstellen eines direkten Zusam-
menhangs mit der Entwicklung der HANPP war allegditm Rahmen dieser Arbeit unmadg-
lich.
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Betrachtet man die Entwicklung der HANPP Uber dait,Zs0 wird ein kontinuierlicher An-
stieg von Anfang des 20ten Jahrhunderts bis cae Bed 1960er, und eine deutliche Verlang-
samung dieses Anstiegs ab diesem Zeitpunkt, offetisih. Die anfangs stetige Zunahme der
HANPP liegt vor allem in der flaichenmaldigen Expanstler permanenten Landwirtschaft
und der damit in Verbindung stehenden Entwaldurgldedes begriindet. Dabei wurde die
Landwirtschaft grof3tenteils ohne grofRere extermpeitBrbetrieben und die Produktivitat pro
Flache war typischerweise niedrig (ha&NPP_¢). Weiters dehnte sich, wohl v.a. auf aufge-
lassenen landwirtschaftlichen Nutzflachen, Sekwetigtation wie Gras- und Buschlander
aus, die eine niedrigere ANPP als die nattrlicherld&f aufweisen. Dabei sind v.a. von der
Spezieslmperata cylindicadominierte Graslander hervorzuheben. Diese halean esehr
geringen wirtschaftlichen Nutzen, kdnnen lediglettensiv beweidet werden und bilden in
Sudostasien oft Feuer-Klimax-Gesellschaften, didan Trockenzeit regelmafiig abbrennen.
Eine Rehabilitierung diesémperataGraslander zu héher produktiven Flachen gestsiltét
schwierig, vor allem aufgrund ihres ausgedehntem2@lwerks. Ein weiterer Grund fur den
erwéhnten Anstieg der HANPP-Werte ist die Steiggrdar Industrieholzernte. Zusammen-
fassend war diese Phase der kontinuierlich steggeRtANPP durch eine deutliche Erh6hung
sowohl der ,entgangenen“ NPBANPP,.¢) als auch der gesellschaftlich nutzbaren Biomas-
seernte  (ANPRP gekennzeichnet, wobei die Ausdehnung permanerdwtschaftlicher
Nutzflachen und Flachen menschen-gemachter Sektegkiation eine herausragende Rolle

spielte.

Fur die Verlangsamung des Wachstums der HANPP briirale der 1960er kbnnen zweierlei

Hauptgriinde ausgemacht werden:

* Die einsetzende Intensivierung der Landwirtschafs Startpunkt hierfir kann auf
den Philippinen die Griindung des InternationaleisfRieschungsinstituts (IRRI) 1960
angesehen werden. Der Schwerpunkt dieser Intensngdag eindeutig im Reissek-
tor. Es wurden Reissorten in Umlauf gebracht, theker auf anorganische Dingung
ansprechen und so hohere Ertrage erzielen. Weitarden Bewasserungssysteme
ausgebaut und damit regelméafig zwei ReiserntenJ@ho ermoglicht. Somit wurde
auf Kosten deutlich gesteigerter externer Energigms die Produktivitat erhoht (Re-
duktion vonAANPR ) und damit eine héhere Biomasseernte auf gleielbé&hder

Flache ermoglicht. Damit war eine Erhéhung der N&R Ackerland bei einer Stabi-

HANPP in the Philippines 1910-2003: a socio-ecalabanalysis 8



lisierung der HANPP mdoglich. Die Expansion des parent genutzten Ackerlandes
verlangsamte sich deutlich, und scheint seit de&80&éh zum Erliegen gekommen zu
sein. Allerdings war diese Entwicklung der gestage Produktivitat aller Wabhr-
scheinlichkeit nach mit anderen (Umwelt)kosten, wi®. Eutrophierung durch starke
Stickstoffdiingung, Folgewirkungen von Pestizideins&erlust von Flexibilitat bei
unvorhergesehen Ereignissen und vermehrte Abhagigidkr Bauern von Faktoren
aullerhalb ihres Einflussbereichs. In den letzténedader Zeitserie erreichte die aktu-
elle Produktivitat am Ackerland beinahe die pottdi Im internationalen Vergleich
sind die Ertrage auf den Philippinen dennoch relatedrig. Eine weitere Steigerung
der Produktivitat scheint moglich, allerdings wallr, so weitere Steigerungen an ex-
ternen Inputs und Investitionen in den Ausbau démastruktur (z.B. Bewéasserungs-
kanéale) erfolgen.

» Die Ernte von Industrieholz zeigt einen deutlich&gak Anfang der 1970er und da-
nach einen extremen Einbruch. Es scheint, dasklalie Ressourcen des Landes auf
extrem unnachhaltige Weise ausgebeutet wurderenn,Blutejahren” waren die Phi-
lippinen einer der fuhrenden Exporteure von Tropénlweltweit. Dabei ging der
Léwenanteil des gebrachten Industrieholzes unbaathes Ausland. Durch ein Sys-
tem der Korruption gingen die Profite fast aussdblich an einige wenige, der Regie-
rung wohl gesonnen Familien der lokalen Elite. Bieghielten Einschlaglizenzen, die
weit Uber den Mengen lagen, die eine nachhaltigeg der Walder erlaubt hatten.
Eine erfolgreiche Wiederaufforstung fand in grofd@ahmen nicht statt. AuRerdem
waren die durch kommerzielle Operationen gedffn®tder oft das Ziel von armen
Migranten, die auf der Suche nach Land dort untesiaheren Besitzverhaltnissen
Landwirtschaft betrieben. Die Folge war die eingargwéhnte drastische Entwal-
dung, die Holzindustrie brach in den 1980ern zusammnd mittlerweile sind die
Philippinen Nettoimporteur von Holzprodukten. Deandt verbundene extreme
Ruckgang der Holzernte war fir die Stabilisierueg dANPP in den letzten Dekaden

mitverantwortlich.

Es ist interessant zu betrachten, wie sich diekRno-Werte der HANPP und der einzelnen
Komponenten Uber die Zeit entwickeln, vor allemZomsammenhang mit der erwahnten Be-
vOlkerungsexplosion. Die HANPP lag nach meinen Blemagen 1910 bei schon ca. 25% der

potentiellen NPP (mit Bertcksichtigung der Brandnogswirtschaft noch héher). Bei einer
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Verzehnfachung der Bevolkerung scheint eine lindargelation mit der Entwicklung der
HANPP unmdglich, da eine HANPP von 250% Uber disagge Landesflache wohl kaum
maoglich bzw. aufrechtzuerhalten ware. In der Taditghe HANPP pro Kopf deutlich zurtick
(von ca. 10 t DM pro Kopf 1910 auf ca. 2,6 t propk@000), wobei der Rickgang der
AANPP.c pro Kopf deutlich starker ist als der der Biomasste pro Kopf. Um die gesell-
schaftlich benétigte Ernte von Biomasse zu gewdédtee, findet also eine Effizienzsteige-
rung statt, die mit der beschriebenen landwirtdibbén Intensivierung in engem Zusam-
menhang steht. Auch ,innerhalb” der Biomasseertdgmtsder gesellschaftlich genutzte An-
teil relativ starker als z.B. die ohne direkten 2&urt verbrannte Biomasse. Dennoch scheint
durch den extremen Bevolkerungsanstieg einzig diarkerzielle Produktion von pflanzli-
chen landwirtschaftlichen Produkten den Pro-KopfrWiiber die Zeit auf konstantem Niveau
halten zu kénnen. Alle anderen Pro-Kopf-Werte getieer die Zeitserie zuriick. Dennoch
sind die Philippinen fast Gber den gesamten betiegei Zeitraum ein Netto-Importeur von
Reis, dem wichtigsten Grundnahrungsmittel im Land.

Die Analyse des Handels mit Biomasse zeigt ebenéafi interessantes Ergebnis. Traditionell
waren die Philippinen, aufgrund ihrer Kolonialgasbke, ab dem ausgehenden 19ten Jahr-
hundert Exporteure von Produkten wie Zuckerrohrkd@missen, Manila-Hanf und Tabak.
Die Landwirtschaft war seit diesem Zeitpunkt selhirdie Exportwirtschaft ausgerichtet, was
auch zu den erwahnten Reisimporten beitrug. Bis igg&20te Jahrhundert waren die Philip-
pinen ein Netto-Exporteur von relativ gro3en MengenBiomasse; dies verkehrte sich im
Verlauf der 1980ern ins Gegenteil, und mittlerwedlad die Netto-Importmengen betracht-
lich. Griinde fir diese Entwicklung waren ein stagr Inlandsbedarf mit der wachsenden
Bevolkerung, die beschriebene Entwicklung im Feddisr, wirtschaftliche Schwierigkeiten
in den 1980ern und die Bindung der Philippinen &TG und WTO. Man kann also anneh-
men, dass die Verkehrung der physischen Biomasadédfalanz auch zur erwdhnten Stabi-
lisierung der HANPP beitrug, da die konsumierte rBasse vermehrt aus dem Ausland

stammte und weniger exportiert wurde.

Neben den beschriebenen Entwicklungen deutet aechialsache, dass die Philippinen seit
den 1970ern eine hohe Emigration aufweisen (zur Z&finden sich ca. 10% aller Filipinos
im Ausland) darauf hin, dass das biophysische 8yster Nation mit zunehmendem Bevol-

kerungsdruck und steigender Umweltdegradation e 4émits gerat.
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Abschlie3end ware es interessant zu fragen, ol etwas wie typische zeitliche Entwick-
lungsverlaufe der menschlichen Aneignung von NRR. ddazu gibt es leider noch wenig
vergleichbare Studien, die auf nationaler Ebenerelangeren Zeitraum abdecken. Eine vor-
liegende Arbeit fir Osterreich zeigt dort eine diags dhnliche Entwicklung durch die Inten-
sivierung der Landwirtschaft, d.h. hohe externeutapund dadurch Stabilisierung der
HANPP, bei gleichzeitiger weiterer Steigerung dedonBasseernte durch Reduktion der
AANPP. c. Allerdings gibt es im 6sterreichischen Kontexinkeergleichbares Bevdlkerungs-
wachstum und die Ausgangslage fiir die Entwicklwtgattrlich eine ganzlich andere als auf
den Philippinen mit ihrer Kolonialgeschichte. Inhea Zukunft werden eine Reihe von histo-
rischen HANPP Studien veroffentlicht (auf natiomaled globaler Ebene). Ein Vergleich der
verschiedenen Entwicklungsverlaufe ware jedenfateressant.

Die vorliegende Arbeit zeigt einen Ubergang in MEm&imwelt Beziehungen in einem tropi-
schen Entwicklungsland, mit kolonialer Vergangehhed starkem Bevolkerungswachstum.
Als erste Phase im betrachteten Zeitraum stehtatbenmafige Expansion der permanenten
Landwirtschaft (wahrscheinlich verbunden mit demriagdkdrédngen des Wanderfeldbaus).
Dabei entsteht grol3rdumig Sekundéarvegetation afgelmssenen Flachen. Die Landwirt-
schaft findet ohne groRere Mengen externer Ingats snd hat typischerweise relativ niedri-
ge Ertrage. Die naturlichen Walder werden starkicgkgedrangt. Somit steigt die HANPP in
dieser Phase schnell an. Die zweite Phase zeisiotedurch eine Intensivierung der Land-
wirtschaft aus. Dadurch kann, Uber hohe externattnpnd damit verbundenen Umweltkos-
ten, die Produktivitat des Ackerlands gesteigentder. Die Expansion der Landwirtschaft in
neue Flachen verlangsamt sich deutlich, wohl aueih lier die Limits an verfigbarem nutz-
barem Land erreicht werden. So ist eine Stabilisigrder HANPP bei weiter wachsenden
Biomassenernten méglich. Diese Stabilisierung adigrdings, wohl auch aufgrund des star-

ken Bevdlkerungsdrucks, auf einem sehr hohen LésteHANPP ein.
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| ntroduction

Net primary production (NPP) is the amount of bisméixed by autotrophs (i.e. mostly green
plants) in a given period and thus, the amountnefrgy available for all heterotrophic life-
forms in ecosystems. Human land use alters themgeflows to a significant degree, influ-
encing a broad variety of ecosystem properties. “Huenan appropriation of net primary
production” (HANPP) has been proposed as a measutleis human dominance, which it
considers two-fold: i) through the effects of huriaduced land cover/land use changes and

i) through biomass harvested through human atsit

With this study, | provide an assessment of HANREhe Philippines from 1910 to 2003 on
national level. To do so, | basically rely on sthtial data available and model estimates were
necessary. My study presents the first investigatiblong term development of HANPP for

a tropical developing country, with a colonial bist

The Philippines are a volcanic archipelago, comgjsdf over 7100 islands and belong to in-
sular Southeast Asia (see Figure 1). Most of thelaeds are, however, uninhabited and the
eleven largest islands constitute about 94% otdted land area, which is 29.8 Mha, exclud-
ing inland waters (FAO 2004). This total territorgmained constant over the period ob-

served. The three major groups of islands of thieppmes are (compare Figure 1):

* Luzon in the north, mainly composed by the islahthe same name. It is the na-
tion’s largest island (about 10.5 Mha); Manila, ttepital of the Philippines is lo-
cated there;

« Mindanao in the south, containing the second larggand of the archipelago
(about 9.5 Mha); and

* Visayas between the two main islands, consisting gfoup of medium sized is-

lands.
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Administratively, the Philippines are divided irt@ Regions and 81 Provinces (as of Decem-
ber 2006). The total population was estimated at 82 miltapita in 2003. The climate of the
islands is tropical and humid, with abundant rdlafe®0 percent of the area receives over
1780 mm a year (Wernstedt and Spencer 1967). Hawespecially on the monsoon influ-

enced western side of the archipelago, a distems@nality of dry and wet season exists.

CHNR o agion Ié ! | Southeast Asia

National Capital @
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.
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Figure 1 Location map of the Philippines

While the main islands, Luzon and Mindanao, contagajor lowland areas, the Philippines

are, in general, characterized by relatively naramastal plains and sloped inlands. About
55% of the total land area have a slope of 18%tdgtier and are considered uplands by Phil-
ippine legislation (Garrity et al. 1993). Soil typare varied, but in general, favorable and not

greatly weathered compared to other humid tromods. However, also owing to the sloped

! Shariff Kabunsuan and Dinagat Islands were creaee®® and 8% Province in late 2006, respectively;
http://www.statoids.com/uph.htndccessed January 15 2007
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terrain and occurring heavy rainfall, serious smibsion problems exfstWernstedt and
Spencer 1967).

Only a very basic overview of Philippine historyndae provided in the context of this study.
The nation was a Spanish colony for over 333 yBamm 1565 to 1898. Through a period of
war and turmoil at the turn of the l@entury, the Philippines became a colony of thé&edn
States of America. In World War 1, the islands eeiccupied by the Japanese from 1941 to
1945. In 1946, they were granted independence thenS. They have been a republic since
then, with the exception of the years 1972 to 198@r the mentioned period, they were un-
der the reign of Ferdinand Marcos, who was eleptedident in 1965 and stayed in power by

proclaiming martial law in 1972, thus establishandictatorship.

During the 94 years covered by this study, theiBtiihles have experienced rapid population
growth and an overall ten-fold increase in cagitam 8.2 million in 1910 to 82 million in
2003. A number of migration movements were linkedhis development. The most promi-

nent of these being:

* migration towards the island of Mindanao which watially unsettled in Spanish
times, as the Spaniards could never claim contret the major part of the island,;

» later, this movement was accomplished by strongati@n towards urban centers,
above all, towards Manila;

» with the lowlands facing high population densitydamot enough land and labor
for the growing population, the landless “pooresth@ poor” often migrated into
the uplands of the nation from the 1960s onwarmli\ing commercial logging
operations that had opened upland forests;

e recently, a strong emigration to other countries loa observed.

Economic performance has been erratic throughaubbserved period, and while absolute
gross domestic product (GDP) grew considerablytasuesd per capita growth proved to be
more difficult to establish; from 1925 to 2000 papita GDP, in 1990 USD, rose only from

2 Wernstedt and Spencer (1967), citing a study fkamisao of as early as 1949, claim that as muct686 of
farmland and 30% of the total land area are sulbjesfight to severe erosion.
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523 to 967 USD. During the 1980s, a decade otipaliand economical crises, it even de-
clined significantly. GDP per capita, generatedhmsy primary sector agriculture, stayed more
or less constant over the period observed at &@ut1990 USD. The share of agriculture in
total GDP gradually declined from 40% to 20%, whial agricultural population still re-
mained as high as 39% in 2000.

The agricultural history of the islands can onlydaglined here in a very crude manner. More
detailed descriptions of at least parts of the bigraents can be found, for example, in Kolb
(1941), Wernsted and Spencer (1967), Larkin (1982ypuz (1997), Reiterer (1997) and
Hayami (2000). It is commonly believed that beftire arrival of the Spanish, the majority of
the population practiced various kinds of shiftiagltivation, which was usually supple-
mented by fishing, hunting and gathering. Littastalellers were engaged in barter trade with
passing vessels, mainly Chinese and Indian. Wioiheeskind of sedentary forms of subsis-
tence existetl mobility was a key feature of most societies pogulation density was rela-
tively low*. The Spanish forced the people into permaneriesehts to be able to control the
population, often through the church and its fridmspre-colonial times, usufruct land use
rights were common. The Spanish introduced Europeacepts of land ownership, thus fa-
cilitating the creation of a local elite, the edisttiment of plantations and the increase in ten-
ant farmers. Permanent agriculture became a confeaiore under the Spanish reign and
traditional forms only survived in the regions, ytheould not extent their control upon;
prominently most of the island of Mindanao and ith@untainous uplands of the archipelago.
Over the course of the ¥@entury, growing demand for tropical products loa world mar-
ket led to an orientation towards exports of adtizal products, with sugar, coconut, abaca
and tobacco as the leading cash crops. This dawelop along with a growing population,
led to an imbalance in the domestic staple croglytion and the Philippines became a net

importer of rice in the late f9century. During the US rule, the situation in #wicultural

% The most prominent example for this is the mounpaople of Northern Luzon who are known for theag-
nificent rice terraces. However, they traditionadlgo practiced slash and burn agriculture on deby slopes
as a supplement to the rice from the terraces (K64).

4 Corpuz’ (1997) estimate of 1 to 1.25 million pe®pit the arrival of the Spanish, which is somewtigher
than common estimates, would place population theasiabout 4 capita per kmz.

® Abaca, also called Manila hemp, of the banana giédusa textili§ is a fibre plant. It was mainly used to
produce strong ropes but also a variety of othedpets.
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sector remained more or less the same, but thertewaoket became very closely linked to
the US market, with some tariff free trade, betwdlem colony and the US market. The
Americans initiated large scale forestry operati@ising at both the domestic and the export
market (Bankoff 2006). With the exception of thegau industry, Philippine agriculture

stayed low in yields and without large scale exdemputs, such as fertilizers and pesticides,
until well after World War Il and accomplished gsowth in output, mainly through expan-

sion of permanently farmed land. Growing populdtieu to again increased imports of rice
and wheat. The founding of the International Riasé&arch Institute (IRRI) in 1960 can be
seen as the starting point of agricultural intaoatfon in the islands; focused mainly on the
lowland, irrigated rice growing areas. In the stlethdeveloping nations, this process of in-
tensification has been termed Green Revolution §kh2001). The second half of the™20

century was also characterized by the overusepgapbn and decline of the countries natu-

ral forest resources, mainly in the uplands, winclvell documented by Kummer (1991).

Table 1 Seleced socio-economic characteristics of thepiniles for the years 1925, 1960 and 2000

1925 1960 2000

Area [Mha] 29.8 29.8 29.8
Population [millions] 11.7 27.4 76.5
Population density [capita per km?] 39.1 91.8 256.6
Agricultural [millions] 17.2 29.8

as percent of total population [%] 63% 39%
Total economically active population in Agricultyraillions] 6.4 12.4
GDP per capita [1990 USD/cap] 523 600 967

In agriculutre [1990 USD/cap] 205 180 191

share of agriculture in GDP [%] 39% 30% 20%

Table 1 presents some major socio-economic indedtr three selected years within the
timeframe of my study. These figures underline samhéhe developments just described.
With these general characteristics and historieaktbpments in mind, this study aims to give
a picture how society-nature relations in genenal auman influence on ecosystem flows in

particular changed over the period observed. Thigstablished by using the mentioned

® A population density of over 90 capita per km2li®60 can be considered rather high for a socieseda
mainly on agricultural forms of subsistence. Wezdsiand Spencer (1967) claim several times in theik that
the country is in urgent need of an “agriculturlalution” to meet domestic demand.
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HANPP framework. The following section tries to gia clear picture of the aims and scope
of my research.
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Aims and scope of thisresearch

The primary goal of this study is to assess thtohcal development of HANPP in the Phil-
ippines on a national level and by doing so, te@wicture of occurring trajectories in soci-
ety-nature relations. The timeframe was set frorh01® 2003, with the exclusion of the
World War Il years 1941 to 1945. | have chosen 184 ¢he starting point due to very limited
availability of input data before that point in @mThe values of HANPP and its components
are calculated in a continuous time series. Whapetidata were not available on a yearly
basis, | generally used linear interpolation betweeisting data points. Due to lack and in-
consistency of much of the data on a provincial eeglonal level, spatial disaggregation
proved to be impossible within the scope of thisdgt Following the latest definition of
HANPP, | assess NPP forgone through human-induaed uUse/land cover changes, NPP
harvested and NPP burned through human inducesi(tine latter is included in biomass har-
vest). While recognizing the importance of marimesystems in a nation compromised of
numerous islands and hardly any inland point farthen 50 km from the coast, the research
is limited to the terrestrial component of NPP.sTisi due to lack of necessary input data and
for methodological reasons. Further, owing to leditavailability and quality of data on
belowground productivity, this study calculates NfR®vs for the aboveground component
only, which is abbreviated ANPP. Biomass flows @xpressed in tons dry matter per year (t

DM/a) or in tons dry matter per hectare and ye&@i\{tha/a) for per unit area values.
Research questions addressed in this study include:

* How did the development of HANPP in the Philippirésnge over the period of
1910 to 2003, and how can the observed developbeeptaced in the specific na-
tional context?

* How has land use evolved, and how much did landcheages contribute to the
observed development of HANPP?

* How did foregone and harvested ANPP change oves,tand how did their ratio

evolve?
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* What is the relation between the “population exjolos and HANPP? Were in-
creases in efficiency of NPP appropriation necgssand if so, how were they
achieved?

* s it possible to satisfactorily incorporate phemma such as rapid deforestation
and “slash and burn” into HANPP calculations, wilib data available?

e Can the assessed HANPP developments be linked sodim-economic trends
such as energy consumption, GDP development amiasi® trade?

Tackling these questions will hopefully help to pee the understanding of changes in soci-
ety-nature relations and provide valuable insigitsccurring trajectories of a tropical devel-
oping nation.
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M ethods, M aterials and Data Sour ces

This section presents a basic overview of the qanoé HANPP. Thereafter, | present, in
detail, the methodology and data sources | usezltulate, and assess the components nec-
essary for the final calculation of HANPP over tmee series. | try to give clear and detailed
definitions of HANPP and methodological descripidn render my work comparable to ex-

isting and forthcoming studies.

The concept of HANPP

A detailed definition of HANPP as used in this stuhn be found in a number of sources
(e.g. Schandl et al. 2002, Haberl et al. 2004 aabddd 2006). Here, only a general overview
of the HANPP concept is given. Methodological adwp that were necessary to fit it into

the context of this study will be discussed. HAN&Pan environmental indicator was first

proposed by Vitousek et al. (1986) and later omneef as the difference between the NPP of
the potential vegetation and the NPP remainingha system after harvest (Haberl 1997,
Haberl et al. 2004). The human influence on ecesydtows is considered through two ac-

tivities: i) the alteration of NPP through humahiiced land cover changANPR ) and ii)

biomass harvest (NRP The formula used to calculate HANPP is:

HANPP = NPRB— NPR
with NPR = NPR— NPR

or

HANPP =ANPR¢ + NPR,
with ANPRc = NPR — NPR

where

HANPP NPP appropriated by humans

NPR NPP of the potential vegetation

NPR NPP remaining in the system after harvest

NPP,¢ NPP of the actual prevailing vegetation

NPR, NPP harvested by humans

ANPR ¢ NPP change by human-induced land cover change
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As mentioned before, this study calculates abowegtd\NPP flows only (ANPP). The unit

used is tons dry matter per year (t DM/a).

Data availability and quality

Before | give a detailed description of the datad)d want to shortly remark on the data
situation in the Philippines has to be made. Inegaln data availability and quality leave a lot
to be desired. Data sets are often incomplete ngistent or lacking clear definitions. How-
ever, using primary and secondary data sourcegd o establish data sets that were as con-
sistent as possible, and while single data poinghinibe questionable in detail and data qual-
ity might not be comparable to that in so-callededeped nations, the general picture of
many aspects and trends of the biophysical devedopwf the Philippines over the last cen-

tury is well-founded.

Land use data set

A land use data set is crucial for calculating HANIESstablishing a consistent time series of
land use for the Philippines proved to be a chgllentask. Land-use data for the whole na-
tion is not readily available, due to inconsistescin much of the official data (Kummer
1991, Bankoff 2006 and Stenberg and Siriwardana 0@y approach was to establish a
“best guess” for a continuous land use data setguke data at hand. Since the main interest
for this study is to differentiate land uses wiggard to their productivity, | made the distinc-
tion between different categories with expected RNRfferences in mind. Basically, | dis-

tinguish four main categories:

+ forest land

+ farmland
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 grass- and brushlahd

e minor other land uses (including built-up land)

Data availability concerning these categories gaviery much. They were at first established
independently and were summed up to give the taahtry area. Linear interpolation was
used to obtain values for years missing betweenexisting data points. The following sec-
tion gives a detailed overview on data sourcesassdimptions used for the four main land

use categories.

Forest land

The forest land category consists of three suboatesg)

» closed forests
* open forests

* mangrove forests

The official definition of forest land in the Phapines is of little use in the context of this
study, because it is a legal definition and isnetdted to the actual prevailing land cover/land
use (Kummer 1991, Pulhin et al. 2006 and Sheer@6;Zmplified all land with a slope over
18% are defined as uplands and as forest land amsidered state property). In this study,
forest land is defined as land with a certain mimmpercentage of tree cover. While earlier
estimates on extent of forest cover lack a cleéinitien of a threshold, recently it has be-
come common to use a value of 10% tree cover andeato classify land as (open) forest
(World Bank 1989, National Mapping and Resourcerdmiation Authority (NAMRIA 2004
and FAO 2006). There are a number of publicataesling with the history of Philippine
forests over the last century (e.g. Kummer 1991hiR1996, Lasco and Pulhin 2000a, Lasco
et al. 2001 and Bankoff 2006). On the one hand #ieggree that data availability, quality

"1 use the term brushland for land covered by woeldynents such as shrubs, bushes and young théess t
common in literature on the Philippines and in Bpihe land use classification (e.g. Garrity andustin 1995,
Magcale-Macandog and Nishioka 2000, Lasco et &122(hd Sheeran 2006).
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and consistency pose large problems concerningofyrd discussion of development of
extent and composition of Philippine forest 1an@n the other hand, available publications
commonly agree that within the time span considéneithis study, the following trends re-

garding forest land occurred:

e Dramatic loss of forest cover (Kummer 1991, Laseca d&ulhin 2000b and
Bautista 1990): a decline from about 70 percerd @mea covered by forests at the
turn of the last century to about 20 percent cdlttdnd area is now commonly
mentioned and accepted

* Fragmentation of the remaining forest land, extmsf forest fringes (Liu et al.
1993 and Verburg and Veldkamp 2004).

* Relative increase of open forests as comparedsed|forests (Kummer 1991 and
Richards and Flint 1994).

» Sharp decline of primary forests, relative increalssecondary forests (Kolb 1942
and Lasco et al. 2001).

Early records of Philippine forest cover are mosttionwide estimates by colonial authori-

ties, distinguishing between so-called commeranal aon-commercial forests. Such histori-
cal estimates (e.g. Division of insular affairs 19C€Census Office of the Philippine Islands
1920 and Kolb 1942) are compiled in Kummer (19®ighards and Flint (1994) and Bankoff

(2006). More recent inventories and satellite differentiate between a wider range of forest
types. However, these studies’ categories are ogistent among each other. To this day,
there is a lack of forest inventories for the Ripihes with completely published results. Two
inventories were conducted, one in the seconddifalie 1960s and the other from 1983 to

1988, but publications of results are incompleted@aggregated levels (Kummer 1991)

 Numbers on total forest cover from the FAOs la@ktbal Forest Resource Assessments (FRA) in 2660 a
2005 serve well to exemplify the often contradigtdata on forest cover (FAO 2001 and FAO 2006). FR&
2000 gives a total of 6.7 Mha forested in 1990,RR& 2005 has 10.6 Mha for the same year. For ¢iae 2000,
the numbers are 5.8 Mha and 7.9 Mha respectively.

° During my research in the Philippines, a dramatiaislide occurred in a village in the province oughern
Leyte, with a death toll over 1 000 people. In plublic media coverage, the mentioned forest dedtom 70%

to 20% was frequently presented and deforestatommonly blamed for the disaster.

19 For this study, however, | decided not to useabailable aggregates of these inventories but biasad on
aerial photography/satellite imagery from the yel389 and 1987 since the latest data point of 2003ased on
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Two land cover data sets derived from satellitegeng are available at a national level for
the years 1988 and 2003 (World Bank 1989 and NAMR0A4).

To be able to maintain a certain level of consisyenver time, | only distinguished between
open and closed forests as given in studies useni@gl gphotographs and satellite imagery
(Bonita and Revilla 1969 cited from Bautista 19%orld Bank 1989 and NAMRIA 2004).
This very broad distinction makes sense with resfgethe focus of this study, i.e. productiv-
ity of the respective areas. Closed forests aenafefined as forests with a crown cover over
50 percent (World Bank 1989). However, in the nresent definition of NAMRIA (2004),
the threshold value is lowered to 40 percent. Thisesponds with the definition given by
the FAO in its latest Global Forest Resource Aseess (FAO 2006). Secondary literature
(Division of insular affairs 1901, US Bureau of Gaa 1905 and Kolb 1942) revealed that the
categories “commercial” and “non-commercial foréstere defined on the basis of the vol-
ume of marketable wood left in the forest. Non-caeneial forests were usually logged over
forests with little commercial wood left in themthlerefore used this category synonymously
with open forests from more recent data sets, wtilemmercial forests were put into the
closed forest category. The data points for tada¢s$t cover before 1969 originated from a
recent reappraisal of deforestation rates priaWtold War Il (Bankoff 2006). To estimate the
respective share of “commercial” and “non-comméidiaest additional sources were used
(details see Table 2).

Primavera (2000) compiled data for the developnwnmnangrove area in the Philippines.
These data were used for the corresponding cate§orge it is assumed that mangroves are
included in the total forest area estimates of B&R006), | subtracted mangrove area from
his totals. The extent of established forest plaoria in the Philippines is relatively low. Only
the latest satellite study by NAMRIA (2004) inclsd®erest plantations as a separate category
and places them at about 300 kha. While promotiorconomically and environmentally
sound plantations is common, their establishmeittingered by a number of reasons: e.g.

policy and enforcement issues, tenure issues ({Pd996). Because of the lack of a distinct

satellite data. Also, data before 1969 does noinafbr the distinction of the various categoriestu# invento-
ries.
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category for plantation before 2003, | decidednidude the extent of plantations as reported

by NAMRIA (2004) in my category of open forests.

Table 2 shows the area values used for the clasgd@en forest and names the data sources.
Table 3 presents the development of mangrove aigphdnd area mainly after Primavera
(2000).

Table 2 Data on forest cover in Mha used for my land uga dat and sources

Closed Open
Y ear forests forests Sour ce
1875 17.0% 1.89 Bankoff 2006 and Division of insular affairs 1901
Bankoff 2006 and Census Office of the Philippiniésdcfrom Bureau of

1918 15.73 2.64 Commerce and Industry 1923
1932 13.46 3.06 Bankoff 2006 and Kolb 1942
1950 10.58 3.87 Bankoff 2006 and Richards and Flint 1994

Bonita & Revilla based on a large scale photogiafgrpretation cited from
1969 5.94 3.86 Bautista 1990
1987 3.13 3.83 World Bank 1989

NAMRIA 2004; note that the category open foreststams the NAMRIA
2003 2.66 4.37 category “forest plantations”

I refers to “commercial forests® to “non-commercial forests”; details see text

Table 3 Development of area of mangroves and fishpond&ian

Y ear Mangroves Fishponds
1860 !
1920 450 no data
1940 61
1950 418 73
1960 368 123
1970 288 168
1980 242 176
1990 133 223
1994 120 232
1997 112

2003 244

Sources: 1860 - 1994: various sources from Pringa2800, 1997: FMB data in NSO 2005b; 2003:
NAMRIA 2004, 2003 fishpond value probably undensstiion due to satellite data;
! first fishpond recorded in 1863yalue for 1951 value for 1965
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Farmland

Farmland is defined here as land under permandination and land held by farmers with
legal titles with exception of settlement areas hoohesteads (which | include in the category
settlement and infrastructure). Farmland is divided three subcategories: land devoted to
annual crops, land devoted to permanent cropsetimedt farmland (containing fallowed farm-

land, farmland used as pasture, farmland with fayeswth).

Data on area planted to annual and permanent @aepsilable for crops of major importance
throughout the studied period (Bureau of Commenzkladustry 1918, 1923, 1928, Division
of Agricultural Economics 1954, Dy 1998, NSO 20Gbid Bureau of Agricultural Statistics,
2006, personal communication). The number of rggodrops increases over time, which
might reflect a development of diversification, Imight also have its origin in underreporting
in earlier years and therefore could lead to aretestimation in these periods (see Table 12
below). In general it can be assumed that at mlé tminor subsistence crops are grown to
some extent on the category other farmland andatteats of shifting cultivation are in general
underrepresented within the data. The whole ardarofland is surveyed in the Philippines
through the Censuses of Agriculture which were cotetl at several points in time over the
period observed (1903, 1918, 1939, 1948, 1960, ,19980, 1991, 2002, cited from Bureau
of Commerce and Industry 1923, Bureau of the CenadsStatistics 1971 and NSO 2005a).
Table 4 shows compiled aggregate data of censas Mate that the methodologies and defi-
nitions are not consistent throughout the differegrtsuses. Therefore, full comparability is
not given (NSO 2005a) and the numbers just giveetne of general trends in land use de-

velopment.
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Table 4 Area data on farmland categories in Mha

1903 1918 1939 1948 1960 1971 1980 1991 2002
Annual cropland n.d. n.d. n.d. n.d. 3.78 3.89 4.37 5.33 4.82
Lands lying idle n.d. n.d. 1.11 0.84 12. 0.75 0.84 0.15 0.12
Permanent cropland n.d. n.d. n.d. nd. 801. 253 3.49 4.17 4.23
Permanent meadows n.d. n.d. 0.73 0.47 .38 0 0.69 0.53 0.13 0.13
Forest growth n.d. n.d. 0.65 0.51 0.580.43 0.34 0.07 0.07
All other lands n.d. n.d. 0.25 0.20 10.1 0.19 0.17 0.11 0.27
Total cultivated 1.30 2.42 3.95 371 5%. 642 783 951 9.04
Total uncultivated 1.53 2.15 200 153 18Ff 138 134 034 046
Total farmland 2.83 4.56 5.96 5.26 7.40 7.80 9.20 9.84 9.50

Source: Different censuses of agriculture citednfrBureau of Commerce and Industry 1923, Bureathef t
Census and Statistics 1971 and NSO 2085am of annual and permanent croplahsiym of lands lying idle,
permanent meadows, forest growth and all othersland

When using yearly data on the area devoted to &cnoas agricultural statistics an important
fact has to be considered: this area data refemset® planted (or harvested). In the tropics, it
IS a common practice to plant more than one crapypar, a practice often called multi-
cropping. Therefore, to arrive at an estimate efghysical area assumptions had to be made
for multi-cropping intensity. These intensities yaver time. Besides the choice of crops,
they depend on climatic and soil conditions andhanlevel of industrialization of agriculture
(e.g. Shriar 2000). In this study | define croppingensity as the number of crops that are
planted in one spot of land over the time span wpédr. Areas fallowed or taken out of culti-
vation are not considered to be included in thgioal area data in the agricultural statistics
and therefore are not part of my assumptions Hege.a cropping intensity of 150% means
that on average 1.5 crops are planted per yeargvea area. My assumptions were made
separately for the major crops and are mainly baseBCARRD (1978, 1981, 1983), Phil-
Rice (1997), Hillocks et al. (2002) and IRRI 200B)general, | assume that cropping intensi-
ties remain more or less constant before the dgwrall modernization in the 1960s. Table 5
shows the used cropping intensities for major ahotgps and selected years. The area val-
ues obtained with these assumptions fit well with values for physical annual and perma-
nent crop areas given in the Censuses of Agriaultxata on total farmland area is taken
from these censuses and interpolated for the ymdvgeen two censuses. The category “other
farmland” is assumed to be the difference of téaihland and annual and permanent crop-
land. Further, a certain share of land devotedetdesnents and infrastructure is subtracted
and assigned the respective category (detailsedea/
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Table 5 Cropping intensities for selected years and maimees

Crop 1910 1939 1970 2000 Sour ces
PCARRD 1981, Philippine Rice Research Institute 7199
Rice 118% 119% 128% 167%IRRI 2006
Corn 143% 143% 147% 165% PCARRD 1978
Cassava 167% 175% 191% 229% PCARRD 1983, Hillotkt €002

Grass- and brushland

In general this category contains manmade, secpngagetation forms, since the Philip-
pines’ natural vegetation is considered almost wsiekly forest cover (Kolb 1942 and
Bankoff 2006). Regarding their extent, grass- anghiland are important categories but data
availability is very limited. Another problem isgHack of clear definitions. To a very large
share grasslands in the Philippines are dominagdthperata cylindricaand are often found
on degraded sloped land (Garrity et al. 1996 areldén 2001). They are usually grazed by
livestock like cattle, goats and carabao (local eaor the Asian water buffal@ubalus
bubalig, but at a very low stocking level (0.25 to Orbraal units per hectare are common;
Batcagan 2000). The distinction between grasslanghland and forest land is a question of
thresholds. Brushlands in the Philippines can lea s an intermediate between forests and
grasslands. They are usually found on previousgreld land and they could return to forest
land if pressure on them was low. Often they aszeg and used for fuel wood extraction if
they are close to settlement areas (Lasco in CHrii¥). Fallowed land that has been under
agricultural use for some years can also fall thts category if it has not yet had the possibil-
ity to re-grow into a proper forest (Lasco et @02). During the studied period studied, an
increasing pressure on the land and shortenedvadiriods in shifting cultivation occurred
(Olofson 1981, Collins et al. 1991 and Lawrence 7A9%nder such conditions a full re-
growth into forest is often no longer taking placel a spatial mosaic of grassland, brushland
and land under agricultural cultivation is formedwhich land use frequently changes be-
tween these different uses (World Bank 1989 andd.as Canadell 2001).

Historical sources usually do not give clear défoms of grassland, while brushland is often
referred to as “submarginal land” or “reproductlw@ish” (Kummer 1991 and Richards and
Flint 1994). Kolb (1942) and Wernstedt and Sper{t®67) give qualitative descriptions of
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large man-made grassland areas that already existib@ first half of the last century also
stating the importance dfmperatalands (the grass is locally know as cogon). Dataces

for the grassland category over time were: The Csasof 1919 and 1932, Serevo (1959) as
cited in Richards and Flint (1994). Serevo’s valtmsgrassland and brushland can be con-
sidered underestimates. His value for cultivated s much higher than the reported Census
of Agriculture data; most likely because he incldidend that had been taken out of use in
this category. Therefore, 50 percent of the difieeebetween his value for cultivated land
and the value for farmland used in this study acduded in the category of grassland. The
other 50 percent are considered to be brushlanel n€kt point in time for which data on the
extent of grassland was used is 1991 from a lardlata set of the Bureau of Soils and Water
Management as cited in Philippine Economic-Envirental and Natural Resources Account-
ing (2004). The final data point was taken from NRM (2004) and contains its categories
of grassland and wooded grasslafidafid where the trees cover between 5 to 10% of the
area and their height may reach 5 m at maturjtyit further includes 50% of the difference
between the cropland NAMRIA reports and farmlandegponding to the 2002 Census of
Agriculture. This is due to the fact that the datelmagery is not able to detect small patches
of grassland and brushland between cropland amdftite, gives an overestimation of crop
area. The other 50% are considered in the brusldatedjory.

Facing data limitation and having obtained qualitainformation from literature, | assume
the area for brushland to be the difference betwetal land area and the sum of all other
land use categories. | decided to use this pragragproach for a number of reasons: In ex-
isting data, the area of brushland increases tneolbserved period and in early statistics this
category is not accounted for at all. It is a veegerogeneous category with varying defini-
tions (see above). Available data (e.g. as compledRichards and Flint 1994) fitted well

with my assumption. It is assumed that this catggontains (compare Lasco et al. 2001):

e land taken out of agricultural use and now in a&nagating state (see above)

* logged over land with strong pressure (e.g. woal ¢ollecting, but also grazing)
on it and therefore not given the chance to reggaento a proper forest again

* in the uplands it probably contains land under @ctwltivation for a few years
(mostly by swidden agriculturists; more recentlplpbly also areas under agro-
forestry development). Such land might be undereded in the official Census

HANPP in the Philippines 1910-2003: a socio-ecalabanalysis 34



of Agriculture data, since swidden farming is offgacticed without legal land ti-
tles (Rice 1981 and Pulhin 1996)

Minor other land uses

The category minor other land uses consists oetlr#categories: infrastructure and settle-
ment area, fishpond areas, and barren land. Ther@aahistorical data available on infra-
structure and settlement areas and recent satdlitetend to underestimate them. Due to this
limitation, a model developed at the Institute otfal Ecology was used (Haberl et al. 2007a)
to calculate these areas. This model incorporatpsliption density and development level to
derive an estimate for settlement area. Using tbdet's standard values and due to the rapid
increase in population density, it was estimateat #verage per capita area demand in this
category declined from 150 m2 in 1910 to 75 m2®@2 The value of 539 kha obtained by
the means of this model assumption for 1991 is etge to the value reported by the Bureau
of Soils and Water Management (in Philippine EcoimeBEnvironmental and Natural Re-
sources Accounting 2004) for the same year (52§.Krhis can be seen as a validation of the
used model data. | assumed a share of the catégghigr farmland” to be actually used as
settlement and infrastructure area, since settlesnand infrastructure are usually close to
farmland. This is also in accordance with the deéin of other farmland in NSO (2005a).
Therefore the respective numbers were substranbed the farmland category for each year.
For the development of fishpond area, data werentdkom Primavera (2000; see Table 3
above). Data for barren land were taken from NAMRE®04) and cross checked with the
Bureau of Soils and Water Management data for {8®llippine Economic-Environmental
and Natural Resources Accounting 2004). This cayemeludes rock land, beaches, etc. and

is considered constant over time.

Synthesis of the data sour cesfor my land use data

Table 6 gives an overview of the categories usetthe main data sources. As a caveat, |
note that this data set was prepared with the allmoeissed sources and assumptions, re-

flecting on the aim of this study, i.e. assigninAP values to the different land-use catego-
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ries. Data presented here should be consideredsagbess of a consistent historical land use
data set on national level useful primarily forstpurpose. This approach also made it impos-
sible to use more detailed data sets, availableefment points in time because historical re-

cords do not allow for a more detailed land usesifecation.

Table 6 Data sources of the presented land use data set

Category Subcategory Sour ces
Various sources as complied in Kummer 1991 and&dshand Flint 1994,

2| ClosedForests | \ AmRIA 2004, Bankoff 2006
E Various sources as complied in Kummer 1991 and&dhand Flint 1994;
o Open Forests | NAMRIA 2004, Bankoff 2006; for the year 2003 the MRIA category
2 “forest plantations” is included
Mangrove Forests Primavera 2000 and NSO 2005b
Bureau of Commerce and Industry 1918, 1923, 192@sidbn of Agricul-
Annual Crops |tural Economics 1954, Dy 1998, NSO 2005b, BAS, 2@@8sonal commu-
z nication; own calculations, see text
LEG Permanent Crons Bureau of Commerce and Industry 1918, 1923, 192@sidn of Agricul-
= P tural Economics 1954, Dy 1998, NSO 2005b
i

Censuses of Agriculture data as compiled in BufaGommerce and In-
Other farmland | dustry 1923, Bureau of the Census and Statistic&l I#hd NSO 2005a;
details see text

estimated development from various sources anthatss as compiled in
Grassland Area | Richards and Flint 1994, Philippine Economic-Enmiteental and Natural
Resources Accounting 2004, details see text

Remainder category, assumptions based on literégugelLasco et al. 2001)
and data (Richards and Flint 1994, NAMRIA 2004 }aile see text

Grass- &
brushland

Brushland

Settlement and
Infrastructure Area

Fishpond Area | Primavera 2000 and NSO 2005b

model assumption taken from Haberl et al. (2007a)

Minor other
land uses

NAMRIA 2004 checked with Philippine Economic-Envimmental and

Barren Land Natural Resources Accounting 2004

Aboveground productivity of potential vegetation (ANPPy)

Within the HANPP concept, the NPP of the vegetatiaat would prevail without human in-
fluence (Tuxen 1956) is termed NP Hhis productivity is used as a reference to campa
human influences to the assumed original statdefstudied system. It is widely believed
that without human influence, forests would covienast the entire area of the Philippines
(e.g. Bautista 1990) and for 1565 — the year ofatheval of the Spanish, forest cover has
been estimated at about 93 percent (Bankoff 2006ing the climate classification after
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Kdppen (1936), the FAO proposes the following disttion of ecological zones (compare
Figure 2; for details on the FAQO’s classificatioetimodology see Davis and Holmgren 1999):

e tropical rainforest as the main ecological zongh@narchipelago (about 75%)
e tropical moist deciduous forest covering relevaatgon the monsoon influenced
west coast of the islands (about 20%)

e tropical mountain forests on and around the nasitighest summits (about 5%)

LEGEND

B Tropical rainforest

B Tropical moist deciduous forest
[ Tropical dry forest

[ ] Tropical shrubland

B Tropical de sert

| [2=] Tropical mountain

117 122° 177
Figure 2 Ecological zones of the Philippines according A&&OHhttp://www.fao.org/forestry/enaccessed Janu-
ary 12, 2006)

In this study, ANPP data from a model run of the Lund-Potsdam-Jenaabyo Global
Vegetation Model (LPJ-DGVM) are used (Sitch et26l03 and Mdller et al. 2006). For de-
tails on this model and its use in HANPP calculaicee Haberl et al. (2007a). To validate
the use of these values, | compared the resuliiseomodel with literature data on ANPP of
Philippine forests and tropical forests in gen€¢Radin et al. 1975, Kawahara et al. 1981 and
Lasco et al. 2004a). The value for ANRH the LPJ model run is an average value for the
years 1998 to 2002. Due to the absence of relddi@ or assumptions, ANPRas assumed

to have been constant at this value. However,alitye NPP shows a strong yearly variabil-
ity, and part of this variability is due to climatbanges resulting from anthropogenic emis-

sions of greenhouse gases (Ichii et al. 2005).el@ddhows ANP#values on different land
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uses in Haberl et al.’s study (2007a), Erb, 20@8s@nal communication). Since these values
show a very low standard deviation, ANFAPB assumed to be constant at 11.65 for all land

uses, with the exception of barren land for whichAAPR, of zero is assumed.

Table 7 ANPPR, values from Haberl et al.’s (2007a) global mapmpheANPP.

Land Usefor the year 2000 Areain 2000 ANPP, total ANPP, per ha
(according to Haberl et al. 2007a) Mha Mt DM/a t Ibista
Cropland 10.63 124.04 11.67
Grassland 11.33 130.73 11.53
Builtupland 0.56 6.34 11.33
Forest 6.13 72.86 11.89
wild 1.08 12.34 11.46
Total 29.73 346.32 11.65
Standard Deviation 0.21

These values were derived using the LPJ-DGVM asigamg its results to different land uses in tleary
2000 (Erb, 2006, personal communication)

Aboveground productivity of the actual vegetation (ANPP,)

For the calculation of HANPP it is crucial to cdee the productivity of the actually prevail-
ing vegetation. In studies dealing with recent ge&lPP data from satellite imagery are often
used. Since this is not possible in a historicadlgtsuch as this one, | basically used a book-
keeping approach to derive an estimate of abovegradPP of the actual vegetation
(ANPP,). Different ANPP values per unif area were asdigioedifferent land uses. Table 8

indicates the main data sources and estimates used.

For closed forests and mangroves, AlNPRas assumed to be ANERvhich was crossed
checked with literature data (Kawahara et al. 188d Lasco et al. 2004a). Grasslands in the
Philippines are mostly dominated Wsnperata cylindricalocally known as cogon grass
(Garrity et al. 1996 and Pasicolan et al. 1996).f&8y most of them are man-made and they
are usually found on degraded soils (see abovés.gdmeral statement can be considered true
for the whole period observed according to qualiéatlescriptions of grassland areas in his-
torical sources (Division of insular affairs 19&lglb 1942 and Wernstedt and Spencer 1967).
The ANPR(: value used for grassland is the average of valinasn by Penafiel (1979),
Falvey et al. (1981) and Batcagan (2000). | assuthatl ANPR; on grasslands declined
slightly from 6 t DM/ha/a to 5 t DM/haila 2003, due to an increasing amount of degradation
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(e.g. Wernstedt and Spencer 1967, Batcagan 200@eapdrtment of Agriculture-Bureau of
Soils and Water Management et al. 2004).

Table 8 Data sources of the used ANRRalues

Category Subcategory Sources
ANPP of the potential vegetation (ANpPvia LPJ-DGVM (Erb, 2006,

2 Closed Forests | personal communication); cross checked with Kavwaledral. 1981, Lasco

m et al. 2004a

g Open Forests Own estimate: weighted average: 75% ANPB% grassland value; details

o see text

L Manarove Forestd ANPP of the potential vegetation via LPJ-DGVM (E006, personal
9 7 communication); cross checked with Lasco et al4B00

= Annual Crops Own estimate via harvest indices amehprvest loss factor; details see text

c_% Own estimate: weighted average: 75% ANPE% grassland value; cross

£ | Permanent Cropg checked with Banzon and Velasco 1982, Foale 2003JekSerra et al.

F 2005; details see text

Other farmland | Average value of open forests, ¢maglsand brushland

Grassland Area | Penafiel 1979, Falvey et al. 19&i¢cd&jan 2000

Grass- &
brushland

Own estimate: weighted average 60% AlNPR®% grassland value; details
see textn

Settlement and | Estimated one third of ANRFollowing the assumptions in Haberl et al.
Infrastructure Area(2007a)

Brushland

Fishpond Area | Assumed zero; details see text

Minor other
land uses

Barren Land Assumed zero; details see text

The values used for open forests and brushlanditiezently weighted values of forest and
grassland values, since there is a lack of reliaN®p,.;data for these types of land use (see
Table 9). The rationale of using average valuakas open forests/brushlands are a mix of
grass covered vegetation with trees and woody elesfieFor infrastructure and settlement
areas, ANPR; was assumed to be a third of ANPRccording model assumptions used by
Haberl et al. (2007a). Barren areas and fishporel® \assigned an ANRJof zero. In the

1 A note has to be made concerning the 2003 valuegfen forests, since it also contains the areheoNAM-
RIA category “forest plantations”. It is acknowlaxtfjthat sound forest plantations can have a privatycsimi-
lar to or higher than the potential one (Kawaharalel1981). In the context of the Philippine realhowever,
plantations were and are often faced by a numbbamafrances and therefore, not well establishegl {esecure
property rights, licenses issued for too shortqusito encourage proper management, etc.; compéria Rt al.
2006). Therefore, it seemed justifiable to keeprilive the open forest category and assign the saatigtivity;
also, their extent is comparably low — in 2003 ytcemposed less than 7% of the whole area considgyen
forest.
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case of fishponds, this is so because this studgiders terrestrial aboveground NPP only.
Land covered with permanent crops was assignegdhe value as open forests. This as-
sumption was cross checked with literature on cotguantations (Banzon and Velasco
1982, Foale 2003 and Mialet-Serra et al. 2005) wiaie by far the most important perma-
nent cropin the Philippines making up about 90 @atrmf the total permanent crop area
throughout time. For the category other farmlandP®&,: is considered the average of open

forests, grassland and brushland values.

A different approach was used to estimate ANP#®Br annual cropland. So-called harvest
indices were used to calculate the actual crop assnfirom the statistically available data on
commercial harvest. The harvest index (HI) is #gorof the commercial harvest of a crop to
its total aboveground biomass (Evans 1993). Foualncrops, the total biomass before har-
vest can be considered to equal the biomass inateimreone growing season. To account for
biomass of weeds and biomass consumed by herbieossscalled pre-harvest loss factor
was used. This factor was derived from Oerke e{18194) and is assumed to be 1.36 in the
time period from 1910 to 1960; after that a gradieline to 1.23 in 2000 was assumed, re-
flecting agricultural modernization; for detailsesdaberl et al. (2007a). The ANRFof land

act

planted with annual crops iNPP, :%* phl
[

where

H...commercial harvest
hi...harvest index
phl...pre-harvest loss factor

Aboveground biomass harvested by humans (ANPP})

Societal biomass harvest was calculated usingstati sources wherever possible, with cer-
tain assumptions to fill data gaps where neces$anyr functional types of human harvest

were distinguished:

e Agricultural crop harvest
* Biomass grazed by domesticated animals

*« Wood harvest
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* Human-induced fires

It is important to note that these harvest typesegaly contain by-products that have other

uses than the main product (e.g. by-products ofl fbops can be used as fuel). Also, har-

vested by-product biomass can have no specificangebe burned or decay on site. In the

latter case this harvest was included in ANPPIsbparately reported as a backflow to nature

(cf. Haberl et al. 2007a). Tables 9 and 10 showdtfierent parts of ANP#that were consid-
ered and how they were assigned to different |ased @and societal uses.

Table 9 Assignment of the different ANRBypes to different land use categories

ANPR, type— | Agricultural Human-induced
Land usé crop harvest Grazing Wood harvest fires
Closed Forests
Open Forests
Mangrove Forests
Annual Crops
Permanent Crops
Other farmland
Grassland Area
Brushland
Settlement and Infrastructure Area
Fishpond Area
Barren Land
I combination considerell; | combination casidered

Table 10 Assignment of the different ANRRypes to different uses (commercial harvest angroglucts con-
sidered)

Use— | Agricultural crop Human-induced
ANPR, type| harvest Grazing Wood harvest fires
food
feed
fuel

building/other uses

backflow burned

backflow decay
I combination considere combination cmsidered

It has to be noted here for settlement and infuatitre areas due to the lack of harvest data, |

used the following simple assumption: half of tletual ANPP was considered to be harvest
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and of this harvest two thirds were considered aeehbeen used as fuel, and one third as

other uses (e.g. ornamental).

Agricultural crop harvest

Cropland is cultivated by human societies to prediond and other resources needed. My
HANPP calculation considers all aboveground bioniakbsd in the process of harvest on
agricultural land as appropriated, regardless ©fdcietal use. Statistical data however, are
commonly only available for commercial crop harvesin the Philippines, such data along
with data on the area planted exists from 1910 otwa a yearly basis for major crops. Val-
ues were compiled from various sources (Bureau amhi@erce and Industry 1918, 1923,
1928, Division of Agricultural Economics 1954, D998, NSO 2005b and Bureau of Agri-
cultural Statistics, 2006, personal communicatiés) mentioned earlier, recent statistics give
a wider variety of crops. Table 12 shows the reggbdrops for four selected years. Over the
course of the century, the crops reported in aljural statistics increased from 6 to 25. Still,
the share of the six crops reported initially (yicern, coconut, sugarcane, abaca and tobacco)

— while somewhat declining — is predominant thraugtthe whole period.

All harvest data were converted to dry matter valusing standard tables on food and feed
composition (Watt and Merrill 1975, Lohr 1993 amau§i et al. 2000), and wherever possible
from country specific sources (PCARRD 1983, 1988 factors and sources used are com-
piled in Table 11.

Five crops were accounted for in the permanentscoapegory: coconut, coffee, mango, rub-

ber and cacao. The other crops were considerechboraps.

12 Agricultural crop harvest in total consists of aogercial crop harvest plus harvested by products. @tter
also includes biomass that decays or burns orflmikflow to nature; see above).
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Table 11 Water contents of the crops reported in Philipgiggcultural statistics

Crop Water Content Sour ces
Rice 14% standard tables on food and feed compasiti
Corn 14% standard tables on food and feed compasiti
standard tables on food and feed composition; Banzo

Coconut 40% and Velasco 1982
Sugarcane (stalks) 73% IRRI 1983
Banana 72% PCARRD 1988
Pineapple 86% PCARRD 1988

Purdue University Center for New Crops and Plant
Coffee 6% Products 2006
Mango 82% PCARRD 1988
Tobacco 10% standard tables on food and feed catigpos
Abaca 10% standard tables on food and feed conmosit
Rubber 15% Pratummintra et al. 2002

Purdue University Center for New Crops and Plant
Cacao 4% Products 2006
Cassava 63% PCARRD 1983, IRRI 1983
Sweet potato 66% PCARRD 1983, IRRI 1983
Peanut 9% Bell et al. 1994
Mongo 10% standard tables on food and feed coniposit
Onion 89% standard tables on food and feed coniposit
Garlic 61% standard tables on food and feed cortiposi
Tomato 94% IRRI 1983
Eggplant 92% standard tables on food and feed csitiquo
Cabbage 92% standard tables on food and feed cdopos
Citrus (Calamansi) 92% PCARRD 1988

! standard tables on food and feed composition wenepiled from Watt and Merrill (1975), Léhr (1998hd
Souci et al. (2000)

For annual crops, ANRRvas calculated using harvest indices and the famNPR :%
[

(details see above). The HI values for the mosomamt crops were gathered through an ex-
tensive literature review. In general, crop bregdamms to increase the commercially useful
parts of the plant. This can be achieved by eithereasing the plants total biomass or by
increasing its HI (Evans 1993). The increase ofHhé¢hrough breeding is well documented

for temperate cropping systems (Krausmann 200Ihoflel assumption on the development
of the HI of rice — the most important staple cropghe Philippines — was developed from

various sources (IRRI 1983, Evans et al. 1984 asmdgRet al. 2000) and statistical data
(Philippine Rice Research Institute 1997 and IRKI&).
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Table 12 Availability of harvest statistics in four seledtgears

FAO Crop
Type Code | 1910 1939 1970 2000
C Rice Rice Rice Rice
C Corn Corn Corn Corn
O Coconut Coconut Coconut Coconut
S Sugarcane Sugarcane Sugarcane Sugarcane
F Banana Banana Banana
F Pineapple Pineapple Pineapple
Oth Coffee Coffee Coffee
F Mango Mango Mango
Oth Tobacco Tobacco Tobacco Tobacco
Fl Abaca Abaca Abaca Abaca
Oth Rubber Rubber Rubber
Oth Cacao Cacao Cacao
RT Cassava Cassava Cassava
RT Sweet potato  Sweet potato Sweet potato
N Peanut Peanut Peanut
P Mongo Mongo Mongo
\Y Tomato Tomato Tomato
\% Onion
\% Garlic
\% Eggplant
\% Cabbage
F Citrus (Calamansi)
Other fruit crops
Other Non-Food,
Industrial and
Commercial Crops
Other Vegetables,
Root Crops
and Tubers
n 6 17 17 25
share production 1910 crops 100% 97% 95% 89%
share production of 1939/70 crops 100% 100% 99%
share area of 1910 crops 100% 93% 92% 86%
share area of 1939/70 crops 100% 100% 97%

Shares of the crops already reported earlier irrébpective current recent years are shown inaer part of
the table. FAO crop type codes: Cereals; O.Qil bearing crops; S.Sugar crops; F.Eruits; Oth..Other
crops; Fl...Fibres; RT.Roots and tubers; NNuts; P..Pulses; V..Vegetables

In general, there was a strong increase in HI fioenstart of the IRRI rice breeding program
in 60s to the mid-80s. After that, a leveling offshbeen observed (Peng et al. 2000). For corn,
the second important staple, less research on tibjaical condition exists; therefore, | had to
use a cruder assumption. Literature (IRRI 1983ndoh et al. 1986 and Jiang et al. 1999)
suggests only a slight increase in HI in tropicaincdue to modernized agriculture. Other
main crops that were assumed to have an incredasdeoner time are cassava and sweet po-
tato (IRRI 1983, Kawano et al. 1998 and Hillocksakt2002). No development in HI could
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be found in the main cash crops - coconut, sugaread banana (IRRI 1983, Fageria 1992,
De Silva and De Costa 2004, Koopmans and Kopp&)ag and Mcintyre et al. 2003). Other
His for less important crops were complied fromKIR1983, Jolli and Giljum 2005 and

Krausmann, 2006, personal communication). TablsH®vs the used Hls at four points in

time and names their main sources.

Table 13 Harvest indices used in this study for selectedsyaad main sources

Crop 1910 1940 1970 2000 Sour ces
IRRI 1983, Evans et al. 1984, Peng et al. 2000,
Rice 0.36 0.37 0.39 0.48| Philippine Rice Research Institute 1997, IRRI 2006
Corn 0.30 0.30 0.31 0.39| IRRI 1983, Johnson et al. 1986, Jiang et al. 1999
IRRI 1983, Koopmans and Koppejan 1998, De Silva
Sugarcane 0.63 0.63 0.63 0.63 and De Costa 2004,
Banana 0.33 0.33 0.33 0.33 Jolli and Giljum 2005, Mclintyre et al. 2003
Pineapple 0.50 0.50 0.50 0.50 Jolli and Giljum 2005
Tobacco 0.25 0.25 0.25 0.25 Krausmann, 2006, personal communication
Abaca 0.10 0.10 0.10 0.10 Own assumption
Cacao 0.11 0.112 0.11 o0.11 IRRI 1983
Cassava 0.35 0.46 0.56 0.64| IRRI 1983, Kawano et al. 1998, Hillocks et al. 2002
Sweet potato 0.50 0.61 0.70 0.70 IRRI 1983, Hillocks et al. 2002
Peanut 0.33 0.33 0.33 041 Bell et al. 1994, Jélli and Giljum 2005
Krausmann, 2006, personal communication, Jolli and
Mongo 0.32 0.32 0.32 0.32 Giljum 2005
Onion 0.33 0.47 0.62 0.67 Jolli and Giljum 2005, own assumption
Garlic 0.67 0.67 0.67 0.67 Jolli and Giljum 2005
Tomato 0.50 0.50 0.50 0.50 Jolli and Giljum 2005
Eggplant 0.67 0.67 0.67 0.67 Jolli and Giljum 2005
Cabbage 0.67 0.67 0.67 0.67 Jolli and Giljum 2005
Citrus (Calamansi) 0.330.33 0.33 0.33 Jolli and Giljum 2005
Other fruit crops 0.33 0.33 0.33 0.33 average value of fruit crops
Other Non-Food,
Industrial and
Commercial Crops 0.50 0.50 0.50 0.50 average value of the respective crops
Other Vegetables,
Root Crops and Tubers | 0.60 0.60 0.60 0.60 average value of the respective crops

On annual cropland, the whole aboveground biomasiseocommercial plant calculated via
the HI was considered as societal harvest. For m¥silues, the following uses were distin-
guished: feed for livestock, fuel, burned on sitel @ecay on site. Assignment to these uses
was only possible with very rough factors deriveahf Palacpac (1994), Mendoza and Sam-
son (1999), Samson (2001) and own estimates. largkmnice straw was the most important
item in this category. A change from its use aslé@dor working animals (mainly carabaos)
ntowards on site burning (no societal use) canidsewed. This is due to the ongoing mecha-

nization of agriculture (Mendoza and Samson 1998 energetic use of rice straw as fuel is
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still not widespread compared to other countriesvi¥h and Logan 2003). For corn, it is
more common to let the stalks decay on site, t@ kegrients in the soils (Samson et al. 2001
and Gerpacio et al. 2004), while in lowland ricghhinputs of inorganic fertilizers are com-
mon today (Estudillo et al. 2001 and Tiongco anev®&002). In sugarcane, on-site burning
is common, while a certain share of the cane-tepsed as feed (Samson et al. 2001). Table

14 again gives the assumed factors, for four pamtsne.

Table 14 Assignment of crop by-products of three main ancuaps

Crop | 1910 1939 1970 2000
By-product societal uséeed
Rice 33% 30% 23% 11%
Corn 26% 24% 22% 18%
Sugarcane 11% 10% 9% 8%
By-product societal uséuel
Rice 5% 10% 13% 12%
Corn 4% 8% 12% 19%
Sugarcane 2% 3% 5% 8%
By-product societal usether uses
Rice 12% 10% 6% 1%
Corn 10% 8% 6% 2%
Sugarcane 4% 3% 3% 1%
By-producton site burned
Rice 35% 35% 42% 59%
Corn 15% 15% 15% 15%
Sugarcane 50% 50% 50% 50%
By-producton site decay
Rice 15% 15% 17% 16%
Corn 45% 45% 45% 45%
Sugarcane 33% 33% 33% 33%

Sources: own estimate mainly based on: MendozaSamdson 1999, Palacpac 1994, Samson et al. 2001,
Gerpacio et al. 2004

For permanent crops, ANRRonsists of the commercial harvest and harvesyeprdducts
(leaves, trunks, etc.). Factors for the harvestedrbducts were derived for coconut because
of its outstanding importance in this category (entnan 90 percent of area and harvest
throughout the period). It is important to notetttiee reported harvest for coconuts already
contains by-products, i.e. the two coconut sheilts|e only the meat is usually commercially
used in the form of copra, coconut oil, desiccatecbnut, etc. Based on factors from Banzon
(1982), Koopmans and Koppejan (1998), Samson (2@edale (2003), Chan and Elvitch
(2005) and Mialet-Serra et al. (2005), the totalvested by-products were calculated and
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assigned to the following uses: societal use (foikler uses), on-site burning, and decay (the
factors used are compiled in Table 15). The laWerwere considered as backflows to nature.
The category other uses contains ornamental usemeccial fertilizer and for building pur-
poses (Banzon and Velasco 1982 and PCARRD 198%%,).1€oconut leaves, husks and
shells constitute an extremely important supplpiofuel in the country (Samson et al. 2001

and Elauria et al. 2003).

Table 15 Factors used to calculate ANP& land planted with coconu€fcos nucifera

Factor unit 1910 1939 1970 2000
Constant factors
husks in reported harvest % 41% 41% 41% 41%
shells in reported harvest % 28% 28% 28% 28%
leaves per tree and year t DM/ha/a 0.032 0.032 20.03 0.032
trunk increment per tree and year t DM/ha/a 0.006 .00® 0.006 0.006
trees per ha ha 130 130 130 130
Variable factors
share of leaves and trunks as fuel % 20% 24% 29% % 52
share of husks as fuel % 30% 33% 36% 40%
share of shells as fuel % 70% 76% 83% 89%
share husks backflow % 65% 60% 55% 50%
share shells backflow % 25% 19% 12% 6%
share husks and shells other uses % 5% 6% 7% 7%

Sources: own estimate mainly based on Banzon atabdte 1982, Koopmans and Koppejan 1998, Samsdn et a
2001, Foale 2003, Chan and Elevitch 2005, MialeteBet al. 2005

Biomass grazed by livestock

Livestock is basically used as working animals fidsawer) or for food (meat/milk/egg) pro-

duction. In both cases, feed consumed by the asimaonsidered appropriated by the socie-
ties who own them. The compartment of ANRIscribed here refers to biomass — mostly
roughages — grazed by domesticated animals. Fessbieed by these animals that stems
from commercial feedstuff and crop residues isaalyeaccounted for under agricultural crop
harvest. The basic approach used to arrive at timage of the amount of biomass grazed,
was to calculate the so-called “grazing gap”; ibe total livestock feed demand minus the
above-mentioned feed components as described irrHetbal. (2007a). The calculated graz-
ing demand was assigned to different land use ocag=gygrazed by livestock. For the calcula-
tion, | used feed demand values per animal heathalath statistical data on livestock num-
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bers. The latter exist for the Philippines from atb©908 onwards, however, there are several
data gaps in terms of missing years and livestpekiss. Also, the data show inconsistencies,
e.g. due to different estimation models. | estalelismy livestock data set from a number of
sources (Bureau of Commerce and Industry 1918, ,1B228, Division of Agricultural Eco-
nomics 1954, Bureau of the Census and Statistié®,19SO 2005b, FAO 2004, L. Lapar,
2006, personal communication and Bureau of AgniraltStatistics, 2006, personal commu-
nication). Data gaps and obvious inconsistencia® \iked using linear interpolation or cor-
relating data on the missing species to existing @& other livestock species for the same

year. Table 16 shows livestock head data for salieptars.

Table 16 Livestock numbers in 1000 heads in the Philippfioeselected years

1910 1925 1939 1955 1970 1985 2000
Carabao 757 1706 2914 3279 3159 2983 3024
Cattle 270 917 1349 806 1679 1786 2 479
Pigs 95H 2143 4 349 5289 6 456 7 304 10 711
Goats 175 395 402 459 772 2191 3151
Sheep 75 25 25 16 28 30 30
Horses 143 294 340 208 295 186 230
Poultry 6 796 15 318 26 099 46 313 59 272 57 560 124 929

Sources: Bureau of Commerce and Industry 1918, ,19928, Division of Agricultural Economics 1954,
Bureau of the Census and Statistics 1960, NSO 20050 2004;

! estimates for missing data based on correlati@xisting numbers on other species;

2 own estimate arrived at via linear interpolatiénce the official numbers in that period are obsigunconsis-
tent (L. Lapar, 2006, personal communication)

Feed demand for cattle and carabao was calculatthdandynamic model that relates feed
intake to average carcass weight and average neillt {Haberl et al. 2007a and Krausmann,
2006, personal communication). Data on carcasshweigd milk yield were obtained from
FAO 2004. The assumptions of the model yieldeddahewing equations:

Feed intakgy [kgDM/head/day] = 0.00155 * milk yield [kg/head]yr 4.8375
Feed intakg.ign: [kgDM/head/day] = 0.036361 * carcass weight [kgfsad] + 1.702006

These equations give different estimates of dayymdatter feed intake. In the calculation, the
average value of the two values is used. For hogspaultry, the methodology following
Haberl et al. (2007a) was applied, using efficiefators (feed demand per kg meat or egg

output; Krausmann, 2006, personal communicationgatvand egg production were again
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taken from FAO 2004, before 1961, constant feed at@mper animal was assumed.
Wirsenius 2000 gives factors of 5 kg feed intakekazepork production, 3 kg feed intake per
kg egg production and 4.3 kg feed intake per kdtppmeat production for the Philippines. |
calculated feed demand values per head and dgjigerand poultry, using these factors and
the production data from the FAO database. Folegatrabao, pigs and poultry, feed de-
mand per head was calculated dynamically on a ydasis from 1961 onwards as just de-
scribed. For the calculation, | used simple modsiuaptions (linear interpolation between
different points in time) fitted with the values tre development feed demand. The results of
these model assumptions corresponded reasonallwitielthe actual calculated values. Be-
fore 1961, input data for the dynamic calculatiarese lacking. | assumed feed demand per
head to have been constant before 1961, baseddadhthat modernization of agriculture in
the Philippines started only in the 1960s (e.g.kiket 1991, Khush 2001 and Evenson and
Gollin 2003). Feed demand Per head for livesto@cigs of minor importance (goats: 1 kg t
DM/day, sheep: 1 kg t DM/day, and horses: 1 kg /@&y were taken from (Wirsenius 2000)
and kept constant over the whole period. The vahfethis described model were cross
checked with country specific literature (PCARRDD3D, 2003a and Lapar and Jabbar 2003)
and proved to fit well. Table 17 presents the valuged for my assumption on feed demand;
the development between two data points was fillgld linear interpolation.

Table 17 Feed demand in kg DM/day and its development amer for major livestock species

1910 1970 1988 1999 2004
Cattle/Carabao 6.50 6.50 7.00 9.00 9.00
1910 1960 1985 1993 2001
Pigs 0.533 0.533 0.800 1.260 1.320
1910 1967 1987 2004
Poultry 0.030 0.030 0.077 0.090
1910 2003
Goats 1.00 1.00
Sheep 1.00 1.00
Horses 10.00 10.00

Source: own estimate, see text

Data on market feed were taken from FAO (2004)oBef961, market feed was assumed to

be correlated to feed demand of non-grazers witictar derived from the FAO data from the

1960s on. Statistical data on commercial cropsaievbat growing of specific fodder crops is

not common in the Philippines (with the possibleaption of yellow corn, which is however
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not separated from corn for human consumptionatissics). Therefore, to arrive at an esti-
mate of the “grazing gap”, | subtracted the totarket feed and the by-products of annual
crops allocated as animal feed from the total f@echand. Market feed is assumed to be fed
to non-grazers like hogs and poultry. If in a certgear the supply of market feed is larger
than the demand of this group, the remaining maconsidered to be fed to grazers. This
amount of market feed fed to grazers is then middpoy 1.5 to consider its higher nutritive
value over roughages (Krausmann, 2006, personameoncation). If the feed demand of
non-grazers is lower than available market feeahia year, the gap is no longer accounted for
since this group does not usually feed on roughédgess commonly fed with household
wastes that are already considered as ANIPBther parts of the calculation.

The total grazing demand was allocated to theoilg land use categories: other farmland,
grassland, brushland, permanent cropland and apestfland, in accordance to the area of
the respective category and with additional wefgletors of 2, 1, 1, 1 and 0.5, respectively.
Other farmland was weighted higher due to its ptalgroximity to the on farm animals. The

largest share of livestock (especially grazersinaee kept backyard on farms, often as work-
ing animals (see e.g. data in NSO 2005a). Operstftmad can be grazed, since it is consid-
ered to have a continuous grass cover (NAMRIA 20R4yas weighted lower because it can
be more remote and harder to access for livestdoke that official Philippine statistics

commonly do not have a category of pasture lan&. Tansuses of Agriculture give a cate-
gory of “land under permanent meadows/pastured’itbaefinition is not clear in early years

and its importance is relatively low (about 2 petcef total land area, declining to about 0.4
in the last two censes). The creation of improveadrsand fertilized pastures is proposed in a
number of publications, but such pastures not péd A relevant share in Philippine grass-

lands (e.g. Batcagan 2000).

Manure as a backflow to the ecosystems was cagzllaith crude factors from: 35% of the

dry matter feed intake of carabao and cattle wasidered manure, as were 25% of intake of
goats, sheep and horses (Haberl et al. 2007a) Tinds tbf this manure is considered on-site
backflow where the grazing occurred and has ndéursocietal use, the remaining third can

be used as fertilizer on cropland.
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Wood harvest

Wood harvest is another important category of sacl@omass appropriation. Wood can be
harvested to be used as wood products (denotetastiial wood harvest) or as fuel (wood
fuel harvest). In both cases all aboveground bienkdted during the extraction of wood is

considered ANPER whether or not it is removed from its origindksi

Data on industrial wood harvest before 1960 wetaregd from a number of sources (Bureau
of Commerce and Industry 1918, 1923, 1928, DivistdnAgricultural Economics 1954,
Bureau of the Census and Statistics 1960 and D§)1$9om 1961 onwards, FAO data were
used (FAO 2004). The latter were compared to natigtatistical data (NSO 2005b) and
found to have about the same magnitude, but wesedban clearer definitions. Data were
converted from board feed to cubic meter, wheres&ary using a factor of 0.00236. Values
of roundwood under bark in cubic meter were coragetd tons dry matter over bark using a
bark factor of 0.9 (Haberl et al. 2007a) and arraye density of 0.594 t DM th(calculated
from Magcale-Macandog et al. 2005). Total biomadigfys were calculated via the so-called
recovery rate. Total biomass fellings include bismkilled during logging operations staying
on site and removals from the forest. The recovatg is the ratio of removals to total
fellings. For industrial wood harvest a recoverteraf 46 percent is assumed (Pulkki 1997).
The felling losses are assigned to: backflow targton site burned, use as fuel. This alloca-
tion follows Magcale-Macandog and Nishioka (2000 &nters (2001) and assumes an in-
crease of the use as fuel over time. Factors usedeported in Table 18. Industrial wood
harvest was allocated to closed forest land. Fioen1960 onwards a certain share was also
allocated to open forests, as closed forests beoaone and more scarce.

Table 18 Factors used for calculating ANPPh related to stidal wood harvest

Constant factors Unit Value Source

avg. wood denisty t DM th 0.59 Magcale-Macandog et al. 2005
bark factor % 90% Haberl et al. 2007a
Recovery rate % 46% Pulkki 1997

Variable factors

fate of residues 1910 1950 1970 2003

used as fuel 0% 0% 10% 30% |Magcale-Macandog et al. 2005,
on site decay 70% 70% 60% 50% | Enters 2001

on-site burned 30% 30% 30% 20%

HANPP in the Philippines 1910-2003: a socio-ecalabanalysis 51



The quality of the data on the harvested volumeadd fuel is quite unsatisfactory. Numbers
on total nationwide wood fuel consumption are usuzdlculated from per capita/per house-
hold values (PCARRD 1985b and Rebugio et al. 20B0).the time series, | used data sup-
plied by the FAO for the time after 1961. This eg®@nts an estimate of how much wood was
removed with the primary purpose of being useduat Crop by-products and residues from
industrial wood were not considered in this estanaind the FAO model takes population
development, uses of other fuels, forest areajrtzaccount (Whiteman et al. 2002). For the
years 1996 to 2001, the FAO reports a much higloedWuel production. These figures does
not stem from the mentioned model but from datantepl by the Philippines. Consultation of
the literature (Bhattarai 1997, Rebugio et al. 2600 Elauria et al. 2003) revealed that the
figures reported by the FAO from 1996 to 2001 waleiously an estimate of total biofuels
consumed, including e.g. agricultural by-productedias fuel. Since those by-products are
already accounted for as ANRIR other parts of the calculation, the numberthefnew FAO
model were used, and linear interpolation was agplor the time between 1996 and 2001.
Before 1960, wood fuel demand was calculated viacppita values due to the lack of reli-
able statistical data sources. These values weieedefrom PCARRD (1985b), Bensel and
Remedio (1993), Bhattarai (1997) and Rebugio €2800); the same bark factor and average
density as for industrial wood are used and thevwery rate was assumed to be 69 percent
(Erb, 2006, personal communication). The wood halest is assigned to the land uses with
respect to their area share in total land use:stdend (four subcategories) and brushland
with a lower weighting factor, reflecting that ibritains some woody elements, suitable for
marketable wood fuel, but not as much as forestmdvbves are weighted somewhat higher
since they are a traditional common source of wagas, also due to their proximity to
densely populated coastlines (Kolb 1942, WernstadtSpencer 1967, Primavera 2000).

Human-induced fires

Fire has been used as a management tool by hundasikice its very beginning and has been
used for a broad variety of purposes. In my catana | also consider biomass burned in

human-induced fires as part of ANPRInfortunately, the data situation on this itenvésy
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limited for the Philippines; therefore, some modstumptions had to be made. | distinguish

between the following components of human-inducedd:

« fires on grasslands;

» fires on other land use types with other origimtBiash and burn practices; and

» fires originating from slash and burn/swidden agtice practices (not included in
the final results unless noted otherwise, duewodata quality; details see below).

All authors agree that grassland areas are comntamiyed. Often fire is used as a tool to
keep areas open for grazing, but there also ethstr causes of fires, e.g. burning by accident
(Wibowo et al. 1996, Pasicolan et al. 1996, Magdséeandog et al. 1998 and Menz et al.
1998). Imperata cylindricagrasslands on degraded lands often develop acliimeax in
Southeast Asia (Garrity et al. 1996 and Wibowol.e1296). | assume that, on average, grass-
lands are burned every three years (Pulhin andoL4889 and Magcale-Macandog, 2006,
personal communication). Using IPCC values for a&gosund standing biomass volume and
combustion factor (i.e. the share of abovegroumsnbiss burned; IPCC 2006), | calculated

the average burned biomass on grassland per yeail &ble 19).

The same basic approach was applied to accourndtf@r human-induced fires, excluding
those originating from slash and burn agricultidata on the average yearly area burned by
these fires are very rare and unreliable. For ghisly, a rough estimate of 10 000 ha burned
area per year was used (derived from Goldammer 28825anz 2002). This assumption can
be considered to be a conservative estimate aképs constant over time although | am
aware that the area burned each year is subjestrdog yearly variations. The amount of
burned biomass was calculated using the latest IBGfWeground biomass stock numbers
and combustion factors (IPCC 2006, these values wenss checked with Lasco et al.
2004b). Table 19 compiles the values used. The lawe@ed was assigned to the land uses,
considering their share of total land area: fotastl, brushland, other farmland, settlement

and infrastructure area.
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Table 19 Aboveground biomass and combustion factors fdedifit land uses

Land use Average aboveground Combustion Source
Biomassint DM/ha Factor
Closed Forests 330 36% IPCC 2006
Open Forests 165 55% IPCC 2006
Mangrove Forests 247 36% IPCC 2006
Annual Crops 10 83% IPCC 2006
Permanent Crops 165 59% assumed to be same afoopsts
Other farmland 70 72% assumed to be same as bnashla
Grassland Area 6.2 83% IPCC 2006
Brushland 70 72% IPCC 2006
Settlement and
Infrastructure Area 23 72% assumed to be a third of brushland

Details see text

Shifting cultivation has been a major form of hunsasistence for a long time. Ruthenberg
1980 (as cited in Lauk 2006) gives this basic dedn:

»Shifting Cultivation is the name we use for agtiowal systems that involve an alternation
between cropping for a few years on selected agaretl plots and a lengthy period when the
soil is rested. Cultivation consequently shiftshimtan area that is otherwise covered by
natural vegetation.”

There is a long history of shifting cultivation, isden agriculture or slash and burn in the
Philippines. It is believed that before the arrigélthe Spanish, and well into their reign, it
was the main mode of subsistence for the majoffitthe population (Corpuz 1997) and re-
mained so for a relevant share of the populatiar tetently (Olofson 1981). However, no
reliable data on the extent of shifting cultivatiexists. A distinction has to be made between
original shifting cultivators and “shifted cultivas” (Myers 1993), i.e. farmers who have
practiced permanent agriculture — usually in theldmds — before and who were forced to
migrate to lands that require swidden practice® [Hiter often lack the knowledge on ade-
quate farming practices and/or legal land titled ean cause serious degradation to their en-
vironments (Pulhin 1996 and Lawrence 1997). In gan¢he average fallow period varies a
lot depending on the swidden system, the land tyyand the pressure on land resources.
Over time, a decrease in the length of the fall@nqa is described in many cases as popula-
tion increases and migrants practice unsustair@bidden and often push back indigenous
systems to remote areas (Olofson 1981, Rice 198llin€ et al. 1991, Lawrence 1997 and
Lauk 2006).
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Due to the lack of data on the scope and developofesreas affected by slash and burn, it
was not possible to integrate this important phezrmon into my time series calculation.
However, to give an idea, | present a rough esemétwhat could be its effect on HANPP.
This simple estimate is based on: an area estiomthe extent of swidden agriculture in the
Philippines in 1966 from Spencer cited by Olofst81). Spencer estimates that 1966 about
3.9 Mha were in the state of regenerating fallowlevd.9 Mha were under some form of cul-
tivation. | calculate the area burned every yeaots fallow area divided by the average fal-
low period. My estimate for the average fallow pdrin 1966 in 10 years, which is a very
rough estimate based on e.g. Rice (1981), Collirad. €1991) and Lawrence (1997). Further,
two crude assumptions are made for 1910 and 20@3starting point and end point of my
time series. | assume that the swidden area waasger in 1910, as permanent agriculture
was still less widespread. Due to the lack of ottern, Spencer’s value was multiplied with
1.5 and the length of the fallow period was setab6 years for 1910. For 2003, | assumed
that the area had declined to half of the 1966evalud the average fallow period to only 7.5
years. To calculate the biomass burned throughdemidires, the following formula was

used:

ANPPR :%*SB*CF

hsfire
fp

where

ANPPR,siire..."harvested” aboveground biomass burned in swiditea
Ag:...total Area under swidden fallow

tip...average length of the fallow period

SB...average standing biomass of the burned system
CF...combustion factor (share of biomass burned)

The values for standing biomass and combustionacteed are those reported in Table 19.
Table 20 compiles the described input factors fodden area and fallow period. Between
two data points linear interpolation was appliede Bwidden fires were assigned to the land
uses: closed forests, open forests, other farméaxadbrushland in general according to their
area. However, the category closed forests washaezigower with a factor of only 0.2, be-
cause, in general, patches of land that had besmer before (be it through as a previous
swidden or logging) are preferred by traditionaldsen agriculturists as well as “shifted cul-
tivators” (Olofson 1981 and Kummer 1991).
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Table 20 Input factors for my slash and burn estimate

unit 1910 1966 2000
area under fallow Mha 5.9 3.9 2
average fallow period a 12.5 10 7.5

Details see text; note that direct effects of irectise on NPP are not considered; only if sla&hkaurn agricul-
ture results in land use changes the resulting dfRIFRe respective area will be different.

Additional data

| use the following additional data to discuss tkeults of my HANPP calculation in a

broader context:

* Population data taken from different census yeamspiled in NSO 2005b and the
development between these years from a projecistorical population statistics
by Jan Lahmeyé¥. Projections for the years after the last popafatiensus in the
year 2000 were again taken from NSO (2005b);

* GDP: Hooley (2005) gives an detailed historic restarction of Philippine GDP
for the years 1902 to 1990 with omission of thergeE941 to 1949. | obtained
data for the time period after 1990 from the UNist&al database (UN Statistics
Division 2004);

e Consumption of inorganic fertilizers from 1961 omdsawas taken from data pro-
vided by the FAQ's statistical database (FAO 2004);

» Data on energy consumption was provided by Fridéi@musmann (2006, personal
communication), originating from IEA database fra®71 onwards and various
historical sources before that year; and

» Data on biomass trade from 1961 onwards was adpan@d from the FAQO'’s sta-
tistical database (FAO 2005); data to give a roegfimate of the development be-
fore that year were taken from historical sourds¢au of Commerce and Indus-
try 1918, 1923, Kolb 1942 and Division of Agricuitii Economics 1954).

13 This project can be found onlinetetp://www.populstat.info/accessed November 15, 2006
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Results

In this section, | present the results of my caltiohs and briefly discuss their implications.
In general, | follow the order of the methodologytpabove. Results of the final HANPP cal-
culation are presented, after showing resultstfosingle components. In the beginning | pre-

sent results for the development of land use.

Land Use

Figure 3 shows the development of land use in thigppines from 1910 to 2003. As can be
seen in Figure 3, forest cover in the Philippineslided rapidly over the last century. Farm-
land and secondary vegetation (grass- and brushézedn to have replaced foré&t#\ccord-

ing to the latest data on forest area, the dedirierest area has more or less came to a halt in
recent years. Settlement and infrastructure areas increased tiwe, as did the fishpond
area; the latter at the expense of the mangrowe (8@mavera 2000). Relating to forest land,
the decline was drastic for closed forest, whileroforests increased somewhat in area. In the
case of farmland, both annual and permanent crapeased, while other farmland (i.e. idle
land) declined. Table 21 shows aggregated valuethéofour main land use categories for

selected years.

4 At the turn of the 19 and 2" century, total forest cover is assumed has beét @&5the nation’s total land
area. However, this was not evenly spread. Whilesely populated area on Luzon and in the Visaya®z we
deforested almost completely, the island of Minadanes still heavily forested (the Spanish rule donéver
take control over the major parts of the islandr{Boff 2006). Kummer (1992b) gives a descriptiomaiv land
use change to other land uses might occur over tifnst forest remaining by mid-century could berfdun the
uplands; migrants from overpopulated lowlands fetdd commercial logging operations and establishptdnal
farms. Kummer claims that upland agriculture ofsthenigrants is kind of sedentary in most cases. édew
with degradation issues and insecure tenure, ugkamnas often become abandoned leading to seconegsta-
tion forms such as grass and brushland.

15 Reasons for this could be the fact that remaifiimgsts are usually found in steep remote aredsalba the
effect of logging moratoriums, success of reforgstaprogrammes and spontaneous tree planting kandp
farmers (Pulhin et al. 2006).
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Table 21 Summary of land use development in the Philippirdating to the 4 major land use categories for
selected years

1910 1925 1939 1955 1970 1985 2000
Forest land 18.9 17.9 16.1 13.6 9.9 7.5 7.1
Farmland 3.6 6.4 6.4 6.7 8.2 9.6 9.4
Grass- and brusland 7.0 6.4 6.8 9.0 11.0 11.9 12.3
Other land 0.3 0.4 0.4 0.5 0.7 0.8 1.0
Total 29.8 29.8 29.8 29.8 29.8 29.8 29.8

Time Series: Land Use in the Philippines 1910 - 200 3
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Figure 3 Development of land use in the Philippines 191020

Figure 4 presents a possible scheme of occurrim@ardics in land use change during the
studied period. It has to be noted, however, thesé¢ dynamics mostly refer to processes in
the nation’s uplands were permanent agriculturé aitnual crops can hardly be practiced. In
the lowlands, agriculture has evolved from cromtion with longer fallow periods towards
an intensified state with common multicropping ligeied by high inorganic fertilizer input
and irrigation. Over the course of the™6entury, many of the remaining primary forests

were cleared through logging operations, openiegitlhip for migrants who were looking for
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land to cultivate. Because of the physiographyhef land and insecure tenure, farms often
had to be abandoned after a few cropping seasaerding on a variety of variables like
the mentioned physiography, duration and intensitprevious use, and subsequent use as
pasture, abandoned farmland turned into a) permagrassliand or b) went into succession
towards brushland and secondary forest, if grastexigh time of re-growth. As mentioned,
permanent grasslands, commoftyperatadominated, are usually heavily degraded and es-
tablish a fire climax society. Their rehabilitationto more productive forms of land use is
posing a major challenge with the crucial imporean€ fire control (Wibowo et al. 1996 and
Menz et al. 1998). Fallow periods before secondlamgsts, brushlands and grasslands, which
were taken again under cultivation, became shater time and consequently, increased
pressure on the land and increased amounts of dkgma. Unsustainable upland farming
practices of migrant swidden farmers often hadstéume effect. Agroforestry, the intercrop-
ping of tree species with annual crops, has beepgsed as a way to improve land productiv-
ity and provide a sustainable livelihood for uplgmapulation (Menz et al. 1998 and Cramb
2001)°.

Aboveground productivity of the potential vegetation (ANPP)

As mentioned, | use ANR®ata from the LPJ-DGVM model using a constant vaiugl.65
t DM per hectare and year. This yields a yearly ANBP347 Mt DM for the whole of the
Philippines. Figure 5 shows the development ofdis&ibution of ANPR over the 4 different
major land uses. Because ANH® assumed constant, this development reflectslelelop-
ment of the land uses.

'8 There is some indication of the success of suchfagstry practices (Chokkalingam et al. 2006)wvéeer,
no relieable data on the actual aerial extent offagestry exists; therefore | could not includénitmy land use
time series. It could be included with farmland also brushland or forest land (Pulhin et al. 2006)
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Aboveground productivity of the actual vegetation (ANPP,)

Figure 6 gives the absolute development of ANPR the Philippines from 1910 to 2003.

Values for four selected years can be seen in Tzible

Table 22 Development of ANPR; in the Philippine on the 4 main land uses in Mt faNbr selected years

1910 1925 1939 1955 1970 1985 2000
Forest land 218 205 184 153 110 81 76
Farmland 22 37 47 46 69 91 102
Grass- and brusland 51 45 47 65 80 84 85
Other land 1 1 1 1 1 2 2
Total 292 287 279 265 261 258 265
in % of ANPR 84% 83% 80% 76% 75% 74% 76%

The total value declined until the 1960s, whenabsized and eventually increased again a

bit in recent years. Looking at the ANRPshare of forest land, this dropped to about one

third of its original value between 1910 and 208&responding, in general, to the decline in

forest area. ANPR; on farmland increases five-fold. It made up thgeéat share of the total

value in recent years, contributing the most tostiadilization of the total value.

ANPPact
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Figure 6 Development of ANPR;in the Philippines 1910-2003 on the 4 main lanesus
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Per hectare ANPR for different land uses showed a more or lesstaeohpicture until about
1960 (see Figure 7). Thereafter, ANRBN farmland increased strongly, from about 6 t DM
per hectare and year to over 11 t DM/ha/a. ANR#™ forest land showed a slight decline as
the relative share of open forests increased. @ssgrand brushland, it was more or less con-
stant throughout time; while ANRfon other land increased due to the increase désetht

and infrastructure area (the other two subcategoridarren land and fishponds — have an

ANPPact Of O).

Time Series: development of ANPPact per ha on diffe  rentland uses
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Figure 7 Development of ANPR; per hectare in the Philippines 1910-2003 for timadn land uses

AANPP.c is a measure of potential aboveground productifayegone through human-
induced land use change. It is defined as therdiffee of ANPR and ANPR.: Table 23
shows its values for selected years. While in teginning of my time series, farmland and
grass- and brushland both contributed the largestes in recent years the lion’s share of
ANPP was “lost” on grass- and brushland. It is aideresting to see that, while the category
other land only occupies a small share of the tad, it contributed almost the second high-

est share iMANPP. ¢ in 2000.
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Table 23 Absolute AANPP, ¢ development in the Philippines on the 4 main lasds in Mt DM/a for selected
years

1910 1925 1939 1955 1970 1985 2000
Forest land 4 4 5 6 6 6 7
Farmland 20 23 28 32 26 21 8
Grass- and brusland 30 31 33 40 49 55 60
Other land 1 2 2 3 5 6 7
Total 55 59 68 82 87 88 82
in % of ANPR 16% 17% 20% 24% 25% 26% 24%

Aboveground biomass harvested by humans (ANPP})

| present biomass harvest following the four funicél types outlined in the methodology part

at first. After that, a synthesis of the obtainedelopment of ANPPvalues is provided.

Agricultural crop harvest

Total farmland increased from 3.5 Mha in 1910 tova® Mha during the 1970s and has
stayed more or less constant since thébry matter crop production increased more strpngl

due to increases in yield than due to increasesojpping area (Figures 8 and 9). Area of land
under actual cultivation increased by a about tofat, as idle farmland declined. The staples
rice and maize hold by far the largest share inuahoropland area, while coconuts almost
completely dominated permanent cropland. Relatingrbduction, the share of other annuals
was higher. This is mainly to the high yields of stg@ne, an important cash crop in the coun-
try. In general, rice and corn are the most comstaples, with rice dominating the lowlands

and corn for human consumption commonly presettténuplands, often considered as “rice

" Kummer (1992b) gives a number of sources claintfiegland frontier for arable land had been reac¢hetle
Philippines during the 1960s or 1970s. He clainag the concept of land frontier is kind of vaguel aites an
area of about 8.4 Mha from the Bureau of Soils {)Qfiat is claimed to be cultivatable without e)ses input
for land conservation. In his work, he predictsimerease in farm area during the 1980s — howevemwie
wrote his work, the results of the 1991 Census gficulture were not published. While other farmlasaime-
what declined from the 1980 at the expense ofvatkid land, total farmland stayed more or less temsand
even declined a bit according to the latest ce2882 (NSO 2005a; compare Table 3). To what extpland
agriculture was covered in those censuses, eslyefaaining without legal titles can not be assessethis
study.
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of the poor” (Kolb 1942, Wernstedt and Spencer 186d Gerpacio et al. 2004). More re-
cently, yellow corn has been used as commercialste# in large amounts (Cardeans et al.
2005). Sugarcane and coconut are grown as theaaaincrops. The fiber crop Abaca was of
main importance well into the $Ccentury, but its popularity declined due to pastbceaks
and the introduction of artificial fibers (PCARRD®27). Cash crops with increasing impor-
tance are fruit crops such as banana, pineapplevamdo. Additional staples are roots and
tubers like sweet potato and cassava. The shafgesé ttwo crops in total crop production
more than doubled from 1.25% in 1925 to 2.67% i@@RAmongst the two, the share of cas-
sava rose from 10% to 78%.

a) Time Series: development of farmland land use b) Time Series: development of cropproduction
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Figure 8 Development of (a) farmland area and (b) crop petida in the Philippines 1910-2003

Yields increased considerably in annual crops, peent crops showed a more erratic per-
formance (Figure 9). Crop breeding, irrigationgrijanic fertilizers, pesticide use and im-
proved farming techniques could be held responddsi¢he 4-fold yield improvement in rice
and maize. Much of this occurred with the set éfth@ Green Revolution that was, in terms
of yield improvement, by far most influential anagcsessful in the rice sector. However, en-
ergetic output to input ratio declined through thereased use of fossil based energy. Kell-
man and Tackaberry (1997), citing a study by Freed(h@80), give numbers for this ratio of
13.84 in a traditional system and 2.91 in a GreemdRition system, respectively. This de-
crease in energetic return is typical in fossill fo@sed agriculture. While in the agricultural
mode of subsistence a ratio significantly great@ntone is a necessity, since biomass pro-
vides virtually the entire energy base, this limaa is lifted in fossil-fuel based production,
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with its area independent energy source (see aésghér-Kowalski et al. 2007). An even
stronger increase in average yields of other asnalagb has to be accredited to the relative
decline of the low yielding fibre crop abaca, nexthe increase of high-yielding annual crops

such as sugarcane and cassava (the latter israiyged in reports from 1929 onwards).

It is interesting to observe how the processesra@teng HANPP on farmland change dra-
matically over time (Figure 10). In the beginninignay time series, HANPP was almost en-
tirely controlled by foregone productivity, and hiass harvest played a minor role; over the
studied period this has changed to the oppositeedent years, the actual productivity ap-
proached the potential one and ANRRore or less exclusively determines HANPP on crop-

land.

Time Series: development of commercial yield on far ~ mlands
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Figure 9 Development of average crop yields in the Philiggii910-2003

In Figure 11, | show the absolute development oPRNon farmland presenting commercial
harvest and the fate of by-products. Overall, ANB® farmland increased from only slightly
over 5 Mt DM per year in 1910 to well over 70 Mt & The strongest increase can be seen
in commercial harvest and in by-products used ak Residues of coconuts such as leaves

and the trunks make up the largest share in ther lesitegory.
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Time Series: development of HANPP on

farmland
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Figure 10 Development of (a) HANPP and its two constitutc@mponents (bAANPPR.c and (c) ANPR on
farmland in the Philippines 1910 — 2003

Time Series: development of NPP |, components on farmland

80

70 -
B0 -~
50 -
40 -

Mt DM/a

K e
20 -

10 +---

0
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

m commercial harvest  feed/grazing m fuel W other uses m backflows

Figure 11 Development of NPPon farmland in the Philippines 1910-2003; usebarfvested by-products and
non-commercial harvest are distinguished.
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Livestock feed

Total livestock feed demand rose more than six fi@ch under 5 Mt DM per year to over 30

Mt DM per year over the period this study focuses(Bigure 12). In the beginning of my

time series, carabaos, the traditional working ahirheld the largest share in total feed de-
mand. It has to be noted that livestock populaticas be considered in a recovering state
following the wars and turmoil at the turn of thentury’®. A similar recovery phase can be

observed after World War Il. Development in pre-wata seems too linear which could arise
from simple estimation methods used by the coloatdhorities in those years. Number of
carabaos (and their feed demand) stagnated siec&960s also due to the introduction and
spread of agricultural machinery. Feed demand g$,gboultry and cattle increased consid-
erably following the demand for meat products. Ttieng) increase from the mid 1980s on-
wards can be attributed to the rise of commeraedd scale poultry and pig farming. Re-

cently, the availability of imported feed also ieased (e.g. corn and soy cdfe)

The largest share of livestock feed can be congiderée grazed biomass (Figure 13). Feed
from crop by-products seemed to play a comparabhonrole and declined in importance.
The share of market feed increased a great dealtbeepast decades, for the reasons just

mentioned.

'8 An uprising against the Spanish reign startedd®6lin the Philippines, who were also a stageHerSpanish-
US war from 1898 on, which was followed by Filipiats War; the latter ended 1902 officially but iraligy
dragged on well into the first decade of thd' 2@ntury; e.g. carabao population was decimatddb5% of its
1896 level by 1902 (see e.g. Corpuz 1997).

¥ The Philippines are a founding member of the WI@96) and since then, removed quantitative reitriain
corn and soy bean imports. This has lead to afiignt increase in imports in these commoditiesnfrb995
onwards (Cardeans et al. 2005).
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Time Series: livestock feed demand
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Figure 12 Development of absolute livestock feed demanténRhilippines 1910-2003 by species group;
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Figure 13 Development of origins of livestock feed in the Iipines 1910-2003
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Taking a closer look at the origin of the grazednmass with respect to land use, it can be
noted that grassland holds the largest share entge@ars. The relative importance of farm-

land declined as idle farmland that can be grazedine rarer (Figure 14).

Time Series: origin of grazed biomass
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Figure 14 Development of origin of grazed biomass by lanel insthe Philippines 1910-2003

Wood harvest

The development of wood harvest over the last cgnituthe Philippines gives an interesting,
yet also alarming, picture. For industrial woodlistinct peak at about 20 Mt DM per year in
the 1970s can be observed (Figure 15). Much ofttrgest was directly exported as unproc-
essed logs (Bautista 1990). The high share of residutotal harvest is owing to the low re-
covery rate in tropical wood industries. Only aywesmall share of this large resource of resi-
dues was used throughout the observed period.cente/ears the nation became a net im-
porter of wood products and there is a ban on lqgpes with the aim of fostering the na-
tional processing industry. Cheap wood, availaliietlee global market, however, is under-

mining reforestation efforts (Shimamoto et al. 2@@4 Tumaneng-Diete et al. 2005).
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Harvest of wood, primarily for fuel purposes (Figut6) shows a peak as early as 1960 ac-
cording to my data. It has to be noted that datavimod fuel before 1961 are simple per cap-
ita assumptions; therefore, this data should kerpnéted with caution. However, the fact that
a peak occurred during the last century can benasdwquite certain considering the devel-
opment of population and forest area. The amounwadd fuel harvested is considerably
higher than industrial wood harvest at the begigrand the end of my time series. For the

peek years, however, this picture is slightly reeel

Time Series: fellings industrial wood
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Figure 15 Development of total industrial wood harvest in Bfglippines 1910-2003; residues are included

Figure 17 compares the official FAO data used instugy to data calculated from Bautista
(1990) for the years 1955-1987. Bautista givesdaa iof the extent of illegal logging activi-

ties by using Japanese import data and comparesgtivith Philippine export data. Looking
at the data, it becomes obvious that underestimatiofficial figures could be dramatic. The

values according to Bautista are over a third highan the official ones, peaking at over 30
Mt DM per yeaf®.

% In both cases the total peak occurs around 1®@3year that President Ferdinand Marcos proclaimadial
law in the Philippines. He allowed his allies toplit marketable forest stands in a “hit and run&mmer
(Kummer 1992a). Wood was often sold abroad witlpsaper reporting and no tax payments.
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Time Series: fellings wood fuel
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Figure 16 Development of total wood fuel harvest in Philipgs 1910-2003; residues are included
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Figure 17 Development of forest fellings related to indudtri@od production 1955-1987 based on (a) official
(FAO) data and (b) own calculations trying to caoesiillegal log exports based on Bautista (1990)
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Human-induced fires

| present an estimate of biomass burned in humdmerd fires with and without the slash
and burn estimate (Figure 18), also showing on Wdrad use the biomass is burned. When
not considering slash and burn, the regular burmhgrasslands accounts for almost all
burned biomass; the value is almost constant @ed from somewhat below 10 Mt DM per
year to slightly above this value as grasslandsedpThe estimate that tries to incorporate
biomass burned through slash and burn practicesever, shows a very different picture.
Following my assumptions mentioned in the methoglpleection, the yearly burned biomass
declines from almost 50 Mt DM per year to aboutM0DM per year (Figure 18b). This de-
cline is due to the assumed decline in the extestvadden agriculture on the one hand, and
due to decline of forests on the other hand. Asdbarea declines and brushlands increase, |
assume the latter are utilized and burned by swiddeners more often. Per hectare biomass
of these lands is considerably lower than thaboddts, as increased pressure on the land and
shortened fallow periods often do not allow forrager re-growth into forest.

Time Series: biomass lost in human
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Figure 18 Development of biomass burned through human-indticesl (a) without and (b) with my estimate
for slash and burn agriculture in the Philippin€4.d-2003; biomass burned is presented accordirigetéand
use of its origin

Table 24 intends to give an idea of the significanicecluding (or not including) the amount
of biomass burned in slash and burn practices irHANPP estimate. If included, especially
in the early years of my time series, its shardNPR, would be striking, raising its value
almost threefold and contributing to ANPsubstantially throughout the studied period. Also,

the obtained development of the overall HANPP vébais very different if the estimate for
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swidden farming is included, and could very we#ldeo different interpretations when view-

ing only the development of HANPP values.

Synthesis of the different ANPP, types

Total biomass harvest rose from about 25 Mt DM @sryn 1910 to almost 120 Mt DM/a in

2003 as can be seen in Figure 19 which also dig8hgs the share of its different compo-
nents. Figure 20 shows the development of the esingmponents more clearly. Backflows
are by far the largest component in the beginningy stagnate from the 1970s onward. To-
wards the end of the presented time series, conmhenop harvest almost reaches their
level. At the lower end, we find industrial woodnast — however, this harvest is responsible
for a relevant share of backflows and might be rglevestimation due to lack of data on ille-
gal logging (see above). The decline of industriabd harvest after the 1970s is also the
main reason for the mentioned levelling off of tdtackflows. If biomass burned through

slash and burn practises were included, it wouldl@®inant compared to the other ANPP

components until about 1960 and commercial cropdsar(the leading component used by

society) well into the 1970s.

Time Series: development of ANPP |, and its components
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Figure 19 Development of total ANRHN the Philippines 1910-2003 and relative sharigssofomponents
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Figure 21 takes a closer look at the relation a/ésted biomass passing through human so-
ciety and direct backflow to nature. It is obvidhat over time, an increase in efficiency oc-
curs. | use the ratio of ANRRvith societal use to total ANRRs a measure of this efficiency.
Without including the slash and burn estimatendréases from about 45% to over 60%. The
increase is much more drastic when my slash anual éstrmate is incorporated into the calcu-
lation (from under 20% to about 55%). This is whaé avould expect since biomass burned

to clear swidden sites constitutes a direct baekftmnature in the HANPP concept.

Time Series: development of ANPP |, components
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Figure 20 Development of ANPPh components in the Philippib@$0-2003; biomass burned through slash and
burn practises is shown (dashed line) but not demed in my totals unless noted otherwise

Per hectare values for harvested biomass are hifgrearmland throughout the period (Fig-
ure 22). A striking increase from about 2 t DM pectare and year to almost 8 t DM/ha/a in
recent years can be observed. On forest land,dhlke i@lated to the describe developments in
wood harvest is obvious. It prevails even when wargg the declining forest area by using
per unit values. Using the official data, the peak be found at about 4 t DM per hectare and
year around 1970. This could have been consideftagher if illegal logging and slash and
burn practices are considered (see above). On-gaasisbrushland, the value is dominated
mainly by the burning of grasslands and to a lesg&nt by grazing. It is about 2 t DM per

hectare and year throughout the whole period.
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Time Series: harvested biomass used by society, dir  ect backflows to nature and
efficiency of societal use
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Figure 21 Development of ANPPused by society and direct backflows to naturtaéPhilippines 1910-2003;

efficiency of societal use as share in total ANRBRshown on the secondary axis (dashed linesjehelopment
is shown with and without the incorporation of #i@sh and burn estimate.

Time Series: development of ANPP |, per hectare on different
land uses
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Figure 22 Development of ANPPper hectare on different land uses in the Philippi1910-2003
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HANPP

The final result of my calculations — the developtmahaboveground HANPP in the Philip-
pines from 1910 to 2003 — can be seen in FigureEBressed in per unit area values total
aboveground HANPP more than doubled from belowDBAtha/a at the start of my time se-
ries to well above 6 t DM/ha/a, recently. In albgelvalues, this corresponds to an increase
from below 100 t DM per year in the beginning o tt0th century to almost 200 t DM per
year in recent years. That translates into a risen foelow 25% of ANP#iIn 1910 to about
57% of ANPR in 2003. When considering my slash and burn estinthe increase remains
significant from 4 t DM/ha/a in 1910 to 7.2 t DM/aan 2003, corresponding to 34% and
62%, respectively (Figure 23b). It should be natest per unit area values are average fig-
ures. HANPP was most likely quite unevenly distréalthroughout the studied period; how-
ever, due to the fact that this research relatabamational level, this distribution was not
assessed. According to the presented assessmenmanfithave appropriated significantly
more than 50% of the total ANPP of the Philippiogsr the past decades. With less than half
of the potential energy base left for other orgamsisone would suspect that strains on biodi-
versity are severe. Indeed the nation is facing®y wigh rate of biodiversity loss (WWF
1998). A relationship between levels of HANPP amadiversity loss has been suggested
(Wright 1990 and Haberl et al. 2007b) and it wobé&linteresting to establish a link in the
Philippine context; however, this is beyond thepgcof this study.
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Time Series: development of HANPP and its component s
a) slash and burn NOT considered

12 60%

r 55%

- 50%

r 45%
©
=

C\EU r 40%
&)

. - 35%

- 30%

r 25%

0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 20%

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
b) slash and burn considered

65%

- 60%

r 55%

- 50%
©

< r 45%
o

g r 40%

r 35%

r 30%

T 25%

O T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 20%

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

‘—ANPPaCt ANPPh ANPPt =——HANPP —— AANPPLC — = HANPP (% of ANPPO) ‘

Figure 23 Development of HANPP and its components in thdigthihes 1910-2003 (a) without and (b) with
the consideration of biomass burned through slashbarn practices; expressed per unit area in tHakA/
development of HANPP in percent of ANJiB shown on the secondary axis (dashed black line)

| now take a closer look at the components of HAN®Reveal their share in the total devel-
opment. Table 24a shows the contribution of the faators that constitute HANPP for se-
lected years: ANPP foregone due to human-inducedgds in productivityXANPP_¢) and
biomass harvested by humans (ANPRVhile in the beginningAANPP, ¢ is considerably
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lower than ANPR by 1970, the picture is already slightly reversadl in recent years,

ANPP, contributes more to total HANPP than da@eSNPP.c ?*. Table 24b shows the same
development as Table 24a but considering the biomasted through slash and burn prac-
tices as described above. The difference in AN&Pnpared to the estimate without this in-
clusion is striking, especially at the beginningney time series, when it is more than 2.5
times higher if slash and burn is included. Ovanretj this factor becomes smaller as other
ANPPR, components increase, and most likely, slash amd lsugradually pushed back as

more semi-sedentary or sedentary forms of agricibecome dominafft

Table 24 Development oAANPP, - and ANPR and HANPP in percent of ANRh the Philippines for selected
years

a) w/out slash and burn 1910 1925 1939 1955 1970 1985 2000

AANPP ¢ 16% 17% 20% 24% 25% 26% 24%
ANPR, 7% 11% 15% 18% 27% 28% 32%
HANPP 23% 29% 35% 42% 53% 54% 56%
b) w/ dash and burn 1910 1925 1939 1955 1970 1985 2000

AANPP ¢ 16% 17% 20% 24% 25% 26% 24%
ANPB, 18% 22% 25% 27% 35% 35% 38%
HANPP 34% 41% 45% 51% 60% 60% 62%

(a) without (b) with considering biomass burnedlash and burn practices

Figure 24 shows a compilation of the developmenditierent HANPP components in re-
spect to the four main land uses over time. Tablgi2&s a detailed breakdown of HANPP%
and its two constituting components, showing thatrdoutions of the respective land uses for
selected years over the time series. Some integesigvelopments become obvious here.
Throughout time, farmland and grass- and brushlaedtl@e leading contributors to total
HANPP. In the year 2000, they are responsible 4% of the total of 56.3% HANPP. Be-
tween the two, their share seems more or less ¢edaover time. Relating to forest land, the

L |t is interesting to observe that between 1970 B985 seemingly only a very slight increase of ANB&

curred. This period corresponds more or less tdithe when ex-president and Dictator Ferdinand Marde-
clared martial law in 1973 and the end of his reéigh986. However, a closer look a the data revitasANPR,

rose to about 30% at the end of the 1970s andndethgain in the beginning of the 1980s, probalsly due to
the economic crises during the last years of Marems) and in the years after his fall.

2 |f land is fallowed for shorter periods and cution periods get longer, the system can no lobgecalled
shifting cultivation, and the relevance of biomassning becomes small in relation to HANPP becanfden-

ited time for biomass re-growth and land degradatio
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peak in the 1970s is also evident in total HANPR.ather land, the increase in fishpond area
and settlement and infrastructure area contributbe increase in HANPP%.
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Figure 24 Development of the four main land uses and of HANMRE& components in the Philippines 1910-2003
on these land use classes
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Table 25 HANPP% per land use for selected years and theibatiobns of AANPP_c and ANPR

Total HANPP% 1910 1925 1939 1955 1970 1985 2000
Forest Land 3.9% 5.2% 7.1% 8.8% 12.3% 8.5% 7.0%
Farmland 7.6% 10.8% 13.6% 16.0% 19.2% 21.8% 22.4%
Grass- & brushland 11.3% 11.9% 13.2% 15.7% 19.1% 21.4% 24.3%
Other Land 0.5% 0.6% 0.8% 1.1% 1.6% 2.0% 2.5%
Total HANPP 23.2% 28.6% 34.7% 41.5% 52.3% 53.7% 56.2%
Contribution of AANPP, ¢

Forest Land 1.0% 1.2% 1.5% 1.7% 1.8% 1.8% 2.0%
Farmland 5.8% 6.7% 8.1% 9.4% 7.7% 6.2% 2.4%
Grass- & brushland 8.8% 8.8% 9.5% 11.6% 14.1% 15.9% 17.2%
Other Land 0.4% 0.5% 0.7% 0.9% 1.4% 1.8% 2.1%
Contribution of ANPP;,

Forest Land 2.9% 4.0% 5.7% 7.1% 10.6% 6.7% 5.0%
Farmland 1.7% 4.2% 5.5% 6.6% 11.5% 15.6% 20.0%
Grass- & brushland 2.5% 3.1% 3.7% 4.1% 5.1% 5.5% 7.1%
Other Land 0.1% 0.1% 0.1% 0.1% 0.2% 0.3% 0.3%

Looking atAANPP. ¢, grass- and brushland make up the predominane shaar the entire
period under investigation. Over the course of fithes seems to become more pronounces as
productivity of farmland increases through agrictdt intensificatio”®. In fact, AANPP.c
increases on all land uses over time with the ex@mef farmland. Over the course of time
biomass harvest on farmland increases continuousintributing substantially to total
ANPPR,. With the exception of forest land, biomass hanatso increases on the other land
uses steadily over time, albeit much slower thafeomland.

A stabilization of HANPP can be observed from the 11960s onwards, while ANPPEon-
tinues to rise constantly, primarily owing to thecorring agricultural intensification. Before
the start of this intensification, increases in AWRvere achieved mainly by putting more
land to permanent cultivation. Agriculture was pi@ed without major chemical inputs and
yields stayed low. The aerial expansion of agriceltwanslates to HANPP increases through
high forgone ANPP and the increases in ANPirough intensification, HANPP can be sta-
bilized via increasing per unit area yields, whIRPPR, continues to rise. A qualitative shift
in HANPP from forgone ANPP to harvestable biomassucs. This process has been de-
scribed in detail by Krausmann (2001) in his work HANPP of Austria. A decline in

% However, in many cases, it can be assumed tha¢ $omm of agriculture has been practised on mucthef
existing grass- and brushland at certain pointéne, which holds some kind of responsibility fts degrada-
tion (i.e. lower productivity).
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HANPP, however, can be expected only if farmlandoisverted to forest land where per unit
area harvest is typically lower. Considering theniment population pressure in the Philip-
pines such a development seems unlikely. A possibleto decrease HANPP and increase
the actual productivity could be to rehabilitategdeled grass and brushlands, which has

proven to be a challenging task (Chokkalingam .€2@06).

The ratio of harvested biomass to foregone prodigtiises during the studied period from
slightly over 40% to over 140% (Figure 25). Therease is rather continuous, with a drop

after World War II.

Time Series: development of the ratio between harve  sted
biomass and foregone producivity
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Figure 25 Development of the ratio of ANRRNdAANPP,_¢ in the Philippines 1910-2003

The share that biomass harvest has in total HANRReaconsidered a measure of how effi-
cient the process of societal appropriation isgesiforegone productivity cannot be used, nei-
ther by humans nor by ecosystems. However, simeetdbackflows to nature are also part of
ANPR,, maybe the share that harvested biomass useclgtysbas in total HANPP would be

a better measure of actual efficiency. Table 26 shthese measures for efficiency for se-

lected years, again without and with the inclugmmmy estimate for slash and burn.
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Table 26 Efficiency of ANPR, and biomass harvest with societal use in respetitdl HANPP in the Philip-
pines for selected years

w/out slash and burn estimate 1910 1925 1939 1955 1970 1985 2000
HANPP% 23% 29% 35% 42% 53% 54% 56%
Efficiency ANPR/HANPP 31% 40% 43% 43% 52% 52% 58%
Efficiency societal use/HANPP 14% 21% 24% 24% 30% 32% 36%
w/ dash and burn estimate

HANPP% 34% 39% 45% 50% 60% 60% 62%
Efficiency ANPR/HANPP 53% 56% 56% 53% 58% 57% 61%
Efficiency societal use/HANPP 10% 15% 19% 20% 26% 28% 33%

Without question, a drastic increase in the memiibefficiencies occurred over last century
in the Philippines. Harvested biomass per HANPPoatndoubled from 30% to 58% while

the biomass, which passes through society in amy,foncreased even more by a factor of
2.7. When looking at the data including the slastl burn estimate, it is of interest to note
that the two efficiency measure show different oemes to its inclusion. While

ANPR/HANPP becomes higher, the share of ANRIRh direct societal use becomes lower.
One has to be careful when it comes to interpresunch efficiency measures and drawing

conclusions from them.

Time Series: development of HANPP components per ha on
farmlands
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Figure 26 Development of HANPP and components per hectare/@adin the Philippines 1910-2003
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The single most important reason for the increasth@fmentioned efficiencies are changes
occurring on farmland. While the increase in fammlarea slowed down from the 1970s on-
wards, per area ANRPnore than doubled since the start of agricultun@nsification in the
1960s. Foregone productivity, on the other handp@oaching zero, which means that actual
productivity is close to potential productivity. feeing to Figure 26, the trend of increased
per area harvest seems to be ongding

Another measure of human dominance in the resgetdivd use systems could be the share
that harvested biomass holds in actual productiwitthe systems (Figure 27). Here, again,
farmlands show a strong increase over time. Inntegears ANPP harvested by humans
reaches a value of 70% of ANRPThis can be attributed to the decrease in on fafiows

and the increase in external inputs. Grass- anshband shows values around or below 30%,
the largest contribution of this share is held iog 6n grasslands which consumes more bio-
mass than grazing at all points in tfmeor forest land, the peak value in the 1970shesc
about 35% but would most likely be considerablyheigif illegal logging could be accounted
for properly.

Use of biomass as fuel is a very important compboésocietal harvest in the Philippines.
According to my data, in the beginning of thé"2@ntury most of this fuel came from forest
land as there was still more of it available. Otnere, a decline of this resource occurred and
consequently in recent years, most biofuel stemms other land usé%(see Figure 28). Agri-
cultural residues became a widespread biofuel, watonut residues having an outstanding

importance in this categdry

4 The lower value for 1998 can be attributed todheurrence of El Nifio in that year. One could sobpieat
with a higher level of intensification, sustainitig high level of yields becomes more sensitiveutth phenom-
ena; e.g. Kerkvliet (1991).

% Grasslands are burned to a large degree by lislesioners to keep their herbaceous/grass coverhwibic
preferred by grazers. However, they are, in genemisidered underutilized in respect to grazingt¢Bgan
2000).

% A study by the World Bank in 1991 claims that ohB.7% of fuelwood consumed by households sterms fro
forest land (World Bank/ESMAP 1991 in Bhattarai I9% value that seems somewhat low, as it probably
lies on legal definitions of forest land.

2" Almost one third of total farmland is now plantedcoconuts in the Philippines. They provide leavesks
and shells that are commonly used as fuel.
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Time Series: development of share of actual product  ivity
harvested by humas
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Figure 27 Development of the relation between biomass haaras ANPPact in the Philippines 1910-2003

Time Series: consumed biofuels by origination Time Series: origin of biofuels by land use
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Figure 28 Development of biofuels by origination and land asgin in the Philippines 1910-2003
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Discussion

| already provided short discussion inputs relateany calculations in the results section
above. In this section | aim to connect the reseflisiy calculations to socio-economic devel-
opments in the Philippines to provide a broadetupgc After that, a synopsis compiles and

discusses major findings and implications of thespnted research.

HANPP as related to socio-economic devel opments

It is interesting to relate the pressures a soamppses upon nature through increasing ANPP
appropriation to socio-economic trends, which odauthat the same society over the same
period. | try to establish connections of my HAN##Re-series results to developments that
occurred in the Philippines over the course of2B century, namely, population and GDP
development, foreign trade of biomass products,ansigy and fertilizer consumption.

Population development and selected per capita values

Figure 29 shows the population development in th#idpines from 1910 to 2003. An in-
crease by the factor 10 from about 8 to over 8@ianilpeople occurred over the period cov-
ered within my research. This development posestbeesting question of how societal me-
tabolism can be maintained in view of such a rgggpulation growth. Also, if the HANPP%
value is already about 25% in the beginning of metseries, a linear population-HANPP
relation seems simply impossible for this systenwduld yield a HANPP of 250% for the
latest population figures, a number that arguablyld only be reached on a local level but

not for a nation like the Philippines over a longé span.
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Time Series: Population development in the
Philippines 1910 - 2003
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Figure 29 Population development in the Philippines 1910-2003

In Table 27, | take a look at various per capitaigalfor the Philippines for selected years. As
expected, there is a decline in all categorieselation to the development of per capita land
availability. This is especially strong for foreaht as it decreased in size as population grew.
In 2000, it was at 0.09 hectare per capita, nohed¥ of the 1910 value of 2.3 hectare per
capita. Farmland and secondary vegetation likesgiasd brushland increase in absolute area,
per capita values, however, decreased significaRtlymland shows the lowest decrease with
the 2000 value of 0.12 hectare per capita stilivabe quarter of the 1910 value. It is striking
that the value for farmland in 1910 of 0.44 heciaee capita is higher than total per capita
land availability in the Philippines in 2000. Thiseady gives an indication that an intensifi-

cation of land use had to occur over time in ong @araanother.

Per capita HANPP declined from almost 10 t DM paita and year in 1910 to about 2.5 in
recent years (see Table 27 and Figure 30). Thisngealould be even more dramatic if the
biomass burned due to slash and burn practisestdaeg to my estimate, would be included.
AANPP_c shows a much stronger decline than ANP®r capita. While the former drops al-
most by a factor of 7, the latter decreases onlg Bactor of about 2. Again, this development
(increase in efficiency) seems to be a kind of asitg to sustain the metabolism of a growing
population, since only harvested biomass can be ligesociety, whil&AANPP_c can be con-

sidered “lost” NPP. Figure 30 also shows that ef HANPP components, per capita ANPP

is declining the slowest, by far. Before World Wiait could even keep track with population

HANPP in the Philippines 1910-2003: a socio-ecalabanalysis 86



development. After the War, its level was alreadydr but still could be maintained for
some time until it eventually started to drop ie #960s.

Table 27 Various per capita values for the Philippines 12000 for selected years

Unit ltem 1910 1925 1938 1955 1971 1985 2000
[million capita] population 8.22 11.67 15.98 2557 37.90 54.67 76.50

forest Land 230 153 1.02 058 0.26 0.14 0.09

farmland 044 044 040 028 022 0.18 0.12

[ha/capita] grass- & brushland 0.85 055 043 038 029 021 0.16

total land 363 256 187 127 079 055 0.39

HANPP 9967 8622 7643 6162 4856 3420 2554

AANPP. ¢ 6927 5227 4335 3524 2373 1634 1082

ANPP, 3040 3385 3300 2631 2476 1780 1467

commercial crop harvest 296 496 503 449 482 476 417

[kg DM/capita/a] industrial wood harvest 17 72 132 127 215 69 27

biofuels 787 726 645 585 454 360 273

grazing/residues feed 369 638 746 451 344 232 262

backflows 1571 1452 1275 1020 981 644 488

slash and burn estimate 47043198 2154 1 308 705 421 246

HANPP%permiIIioncapité 29% 25% 22% 18% 14% 1.0% 0.7%

[1990 USD/capita GDP 368 523 560 552 739 810 967
/a] GDP from agriculture 140 205 214 182 206 199 191
fossils and electricity n.d. 25 1.9 39 104 108 1838
[GJ/capita/a] biofuels n.d. 138 122 111 8.6 6.8 5.2
staple crop production 102 181 157 160 182 215 201
[kg DM/capita/a] biomass export 47 80 97 n.d. 243 58 27
biomass import 21 n.d. n.d. n.d. 36 37 94

Note that the values for the slash and burn estiisatot included in the totals of HANPP and ANPP

When looking at HANPP% per capita, a severe decdtirence again obvious. According to
my data, in 1910, it was at 2.9% per million capitéile in 2000, it was only 0.7% for the
same number of people. This decrease would havedwssnsteeper if my estimate for slash
and burn were considered. It might be interestingoimpare these figures to other societies in

other environments.
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Time Series: per capita development of HANPP and it s components
on a logarithmic scale
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Figure 30 Per capita development of HANPP and componentshiPhilippines 1910-2003 on a logarithmic
scale

A look at the development of the per capita valoiedifferent components of harvested bio-
mass (Table 27 and Figure 31) reveals that the @aiggory that could keep track with popu-
lation growth is commercial crop harvest. Figuretas to visualize these developments by
showing them on an index scale with 1960 as baae Jteseems that commercial crop har-
vest “does its best to keep up with population ghdwWars, like the one at the end of the
century and World War Il constitute major setbaitkthis, as did the economic crises in the
1980s and also the vulnerability to natural phenmemnsuch as the EI-Nifio of 1998. For the
other components, they all show an increase ones, thowever, at a level lower than popula-
tion development. The exception is the categorynaustrial wood harvest. During peak
years, the lion’s share of this category was exuband there seems to be no direct link be-

tween this kind of logging operations and populatievelopmerit.

%8 Bautista (1990) reports an export share of overthirds in the peak years 1971-1975 not consideliegal
operations; Kummer (Kummer 1991) cites sourcesritaj that during the peak years of (also illegajding
under the Marcos administration, it is believed tih& revenue of the operation was essentiallytHerenrich-
ment of 200 (elite) families, while benefits foretlarger share of the population are probably oigfes] by
costs carried by them.
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Time Series: indexed development of ANPPh component s and
population (3-year means; 1960 = 1)
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Figure 31 Indexed development of ANPPh components in thagpiies 1910-2003 with 1960 as base year (3-
year means)
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—— grazing/residues feed

When discussing area specific per capita valuésarPhilippine context, the phenomenon of
emigration in recent years has to be mentioned.oilicg to the “Migration Information
Source®® in 2000, about 7.5 million Filipinos stayed abraq@d millions in some kind of
temporary working arrangement, 2.5 millions as aremt migrants and 1.8 millions in ir-
regular stays abroad). This is about 10 percenh@tatal population; when viewing the per
capita values for recent years, it should be kepnind that the number of people actually
living in the Philippines is most likely lower thanificial numbers due to the described emi-
gration patterns. Larkin (1982) describes that diierdecade from 1820 to 1920, migration
from highly populated regions to lowland frontiegrons were common and by the end of
this period, the “lowland frontier” was closed. Magion movements became, by then, a

common feature of Philippine societies. Kummer @99and Pulhin et al. (2006) describe

%9 http://www.migrationinformation.org/Feature/displefm?1D=191 accessed January 20, 2007
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that the land frontier in the uplands was closethen1970s and 1980s by strong immigration
of the “poorest of the poor”, who had no claimsland or economic opportunities in the
overpopulated lowlands. The failure of creating esyplient in sectors other than agriculture
is often blamed for this development (e.g. Haya@tl®. Looking at this history of migration,
the closing of land frontiers in the Philippinesdahe economic situation, the recent strong
emigration to other nations seems to be a logicabequenc®. Considering my data of de-
clining per capita values of HANPP, its componeantd various types of biomass harvest, it
could be argued that the nation is at its biophafslienits and that emigration is a conse-

guence of this.

GDP and HANPP

GDP in the Philippines rose from 3 024 million 1998 dollars in 1910 to 73 985 in 2000,
almost 25 fold. However, this only translates tesléhan a 3 fold increase of per-capita GDP
increase (Table 28). Throughout time, the share éwature in GDP (i.e. the primary sector,
including forestry and fisheries here) decreasethfabout 40% before the War to 20% in

2000. Per capita GDP from agriculture stayed motess constant at around 200 1990 USD.

By showing how many kg DM of HANPP corresponde@ tt990 US dollar of GDP in a cer-
tain year, | relate my calculated HANPP values idRqTable 28). It could be interesting to
compare the values of HANPP per GDP from agricaltuith other nations to get a measure
of how much monetary revenue is generated froncaljure and forestry per unit HANPP.
According to my data in 1910, about 71 kg DM cqgpasl to one 1990 USD of GDP from
agriculture; this value decreased over time and12a4 kg DM in the year 2000, which could

be considered an increase in economic efficiency.

%0 Migration and remittances are to a certain degremuraged by the government and institutionaltheough
the Philippine Overseas Employment AdministratiolPOEA) which was founded in 1982
(http://www.poea.gov.ph/html/aboutus.htratcessed January 20, 2007).
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Table 28 GDP total and per capita and the contribution afcadfure in the Philippines for selected years

1010 1925 1939 1955 1970 1985 2000
GDP [Million 1990 USD] 3024 6096 9582 13011 26583 44302 73985
In agriculutre 1149 2386 3617 4280 7491 10888 14635
share agriculture 38% 39% 38% 33% 28% 25% 20%
per capita [1990 USD/cap] 368 523 599 552 721 810 967
In agriculutre 140 205 226 182 203 199 191
HANPP/GDP [kg DM/1990 USD/a] 271 165 127 11.2 6.9 4.2 2.6
HANPP/GDP in agriculture 713 421 33.6 33.9 24.4 17.2 13.4

Also HANPP per GDP values are presented.

Biomass trade and HANPP

During the time of the Spanish colonial reign magectors of Philippine agriculture were
orientated towards the export market. Tobacco, sagar;, coconut and abaca are the most
prominent examples for these export crops. UnderUs reign in the first part of the 20
century, the focus on export was kept up often wihlusive trade between the US and the
Philippines (Corpuz 1997). This export orientatidrttee agriculture was one of the reason
why the Philippines became a net importer of ritéé late 18 century and remain so with
very few exceptional years until this ddteTherefore, biomass trade in the first half of the
20" century mainly consisted of export of sugar, comme coconut oil and abaca fibre (do-
mestic demand for tobacco made the Philippines amporter early in the 20century). Im-
ported biomass consisted to a large degree oftépées rice and wheat. The physical amount
of this trade can be seen in Table 29. However oéesdn numbers up to 1961 have to be in-
terpreted carefully. Nevertheless, it can be shat the Philippines were a net exporter of
biomass for most of the first half of the'™6entury. The biomass trade data from 1961 on-
wards can be considered to provide a more completare since forest products and many

minor products were included (source of these datze FAO 2005).

31 In fact, one of the aims of placing IRRI in theilPipines was to establish self-sufficiency in risepply; a
goal that could not be established until today. /tice production increased, almost 4-fold fron6Q%o 2003,
owing to yield increases, net imports also roserageer the last decade.
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Table 29 Biomass trade and its share in different HANPP ammepts in the Philippines for selected years

1910 1923 1938 1952 1961 1970 1980 1990 2000

in Mt DM export 038 073 154 1.77 5.42 9.04 5.12 2.67 202
per year import 01% 016 nd. 025 0.70 0.87 1.60 3.86 6.96
in % of commercial export 19.3% 16.9% 20.8% 21.7% 30.7% 34.1% 16.1% 8.6% 6.0%
production import 8.7% 2.4% n.d. 3.0% 3.9% 3.3% 5.0 12.4% 20.7%
in % of export 1.5% 2.0% 29% 32% 7.2% 95% 50% 2.6% 1.8%
ANPPh import 0.7% 0.3% n.d. 04% 09% 09% 16% 38% 6.2%
In HANPP% export 0.11% 0.21% 0.44% 0.51% 1.56% 2.60% 1.47% 0.77% 0.58%
(share of ANPR)  import 0.05% 0.03% n.d. 0.07% 0.20% 0.25% 0.46% 1.11% 2.00%
HANPP% 23.6% 28.5% 35.2% 38.7% 481% 52.5% 54.3% 54.7% 56.3%

! Values before 1961 do not contain forest prodacis a number of minor categories and just should gi
picture of the development and in general be imétegl with caution; n.d. no data

The development of trade from 1961 until 2000 presi@ remarkable picture. The Philip-
pines were a large-scale net exporter of biomatiktba 1980s. In that decade, a shift in its
trade structure occurred and by 2000, they showedher high net impott Some explana-
tions for this development are (see e.g. Bau(280), Shimamoto et al. (2004), Cardeans et
al. (2005)):

* As noted before, the 1960s and 1970s were majas Vfea large scale logging
with most of the wood sold overseas (note thallefjal logging was considered,
the export numbers would most likely be considgrdbgher). The Philippines
were one of the world’s leading exporters of trapitmber during those years.
With much of the commercial timber gone with theekis, the Philippines have
become a net importer of wood and wood productgratd 990.

e Population and per capita GDP growth created axg&nodomestic demand, e.g.
the Philippines are no longer a large scale nebr@pof sugar, since its produc-

tion has been consumed domestically in recent Years

%2t seems that the mentioned emigration in receats/seems to be in a way compensating the shifeitrade
balance of agricultural products. The World Bardirols that remittances of Filipino migrants amourtted 1.6
billions USD or 13.5 percent of the Philippine GibP2004 (World Bank 2006). Since the 1970s, theoetxpf
human labour has become an important aspect dPlifigppine economy; with about 10% of the total plap
tion abroad in recent years, many families relyimgthese remittances and many Filipinos aspirintnigrate
(mostly temporal) because of economic reasons.

%1t has to be noted that the Philippine sugar itrgusuffered from a serious crisis in the 1980singwmainly
to loss of competitiveness on the world market beeeof failure in adopting new institutional podisi Also
lowered US import quotas and to the decline of @stigar prices had a major impact in the crisis;esg. Ha-
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« GATT and WTO membership opened the market for cheagistaff such as corn
and soy beans which recently compromise a sigmifisaare of Philippine bio-

mass imports.

Table 29 also gives the share of biomass exportsnapaolrts in commercial production, total
biomass harvest and in HANPP%. In relation to tatnmercial production (crops and
wood), the export share until recently seems rdtigdr, peaking at over one third in the early
1970s. In 2000, biomass imports reached an amobidhwvas over one fifth of domestic
production. Expressing these developments in HANRBRA4s a very interesting result, espe-
cially looking at the development of 1970 to 208@cording to my data, HANPP% for the
Philippines rose from 52.5% to 56.3% by 3.8 per@gatpoints during that time. The trade
balance in 1970 is 2.3 HANPP% in favour of the iBhihes while the one in 2000 is 1.4
HANPP% at their expense. If — in a thought expenimethese would be incorporated in the
HANPP% values, the rise would be from 50.2% to %.Ve. 3.7 HANPP% more than the
actual calculated values; i.e. a doubling of thpaaent increase. If one considers that a sig-
nificant amount of backflows, and probably als&NPP ¢ are related to the traded biomass,

this difference could well be even higffer

Technical energy consumption, fertilizer input and yield development

A rough picture of the development of technicalrggeconsumption in the Philippines can be
seen in Table 30. The value for biomass comes frgncafculation and estimates. It can be
seen that the total consumption increased almost fagtor 10 from 1925 to 2000. The sys-

tem seems to be dominated by biomass until thesLI8€r capita biomass consumption de-
creased substantially over time; this is most jildle to a decrease in readily available wood
fuel as forest area declined and also due to theeasing importance of other fuels. Other
energy sources are oil (to a large share impoagdor coal) and electricity from hydropower

and geothermal plants. The exploitation of geothérpmaver started in 1977 and rose

yami (1990). However, looking at physical numbéosinage production has again reached peak valudgein
1990s and is consumed almost entirely locally now.

% For example, one could consider part of MeNPP,_ ¢ due to deforestation in the Philippines causedoby
ging operations that generated wood mostly expdrted the nation (see above).
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strongly since thefi. Per capita energy consumption also shows anasersince the 1960,
rising from 14 GJ per capita and year in 1965 t@&24cap/a in 2000.

Table 30 Technical energy consumption in the Philippinessielected years (excl. biomass for food and feed)

1925 1938 1955 1965 1975 1985 1995 2000
Coal [PJ/a] 15 9 4 3 3 55 80 220
Oil [PJ/a] 14 21 87 209 443 338 795 767
Gas [PJ/a] - - - - - - 0 0
Primary Electricity [PJ/d] 0 0 2 6 9 198 244 448
Biomass [PJ/a] 161 196 262 306 334 374 380 397
total [PJ/a] 190 226 355 524 788 966 1500 1832
per capita [GJ/cap/a] 16 14 15 16 19 18 22 24

! Primary electricity consists of geothermal enesgy hydropower

A high level of external inputs is an important esfpof agricultural intensification. Use of
inorganic fertilizer is one of the most common bége inputs. Table 31 gives the develop-
ment of inorganic fertilizer use for the Philippghand relates it to ANRRand the average
yields for the staples rice and corn. Unfortungtélgan only provide data on fertilizers from
1961 onwards. However, this corresponds well witlatis considered the start of agricul-
tural intensification in the Philippin&s No increase in rice and corn yield is visibledsef
1965 from Table 31. After that year with increasfegtilizer inputs (also per capita), the
yields increase drastically and from the presemd,d@o indication can yet be found that the
increase is levelling off. With these increaseddgetotal biomass harvest on farmland rose
dramatically, contributing to total HANPP developmhas already discussed above. Along
with fertilizers the use of pesticides also becanme and more common in recent decades.
These also contribute to increased commercial yiddds are linked to other environmental
costs, as fertilizers; these costs include, fomgda, eutrophication, contamination of food,

increased vulnerability to pests, loss of flexilyiland risk avoiding ability for the farmers and

% The Philippines are the world’s second largestipeer of geothermal power, owing to a large sharthe
volcanic nature of the archipelago; International  eotermal Association
http://iga.igg.cnr.it/geoworld/geoworld.php?sub=azi&country=philippinesaccessed January 10, 2007

% The IRRI released its first rice variety in 19@&itilizers were promoted to be used along with Iyetwed

varieties since they showed a strong responsetibizistion.
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biodiversity loss (see, e.g. Bajet and Tejada 1908llman and Tackaberry 1997 and
Dobermann and Witt 2000).

Table 31 Development of fertilizer consumption, ANPPh andlg$ of rice and corn in the Philippines for se-
lected years

1925 1938 1955 1965 1975 1985 1995 2000

inorganic fertilizer consumption [kt/aj.d. n.d. n.d. 113 227 284 598 735
per capita [kg/cap/a] n.d. n.d. n.d. 36 54 5.2 8.7 9.6
ANPPh farmland [t DM/ha/a] 28 3.1 3.4 3.8 5.1 5.6 6.8 47.
rice yield [t DM/ha/a] 12 12 1.2 14 2.0 3.7 4.1 44.
corn yield [t DM/ha/a] 1.1 0.8 0.7 0.9 1.2 1.6 2.2 6 2.

Note that yields are per hectare and year, i.g. ¢basider multi-cropping practices

Synopsis

It has been shown that HANPP in the Philippinesdased significantly over the ®@entury.
Without the inclusion of biomass burned in slasd barn practices, it rose from below 3 t
DM/ha/a in the beginning of the 2@entury to about 6.5 t DM/ha/a at the turn ofldst cen-
tury; i.e. humans appropriated about 25% and 56%epotential ANPP, respectively. Con-
sidering slash and burn biomass burning, the iseres still almost 2-fold. In any case, in
recent decades HANPP is significantly higher th@%f potential ANPP, meaning that hu-
mans, just one species, are using the lion’s sblaemergy available in ecosystems, leaving
less than half for other organisms. The increasd ANPP occurred largely until the 1960s.
At the end of that decade, a levelling off of tdtBNPP was observed. This can be related to
two phases of agricultural expansion. Up to theO%96ncrease in agricultural output was
mainly achieved through expansion of area undempeent cultivation. Yields were typi-
cally low and forgone productivity on farmland hjdeading to a strong increase in HANPP.
Practices of shifting cultivation were probably ccerized by increasingly short fallow pe-
riods and further increased pressure on the lagdicAltural intensification that set in with
the so-called Green Revolution during the 1960siniyan lowland rice-producing areas,
enabled higher yields on farmland and thereforei)ifated increased biomass harvest with
decreased foregone productivity leading to stadtikin of total HANPP. This led to a higher
efficiency in ANPP appropriation but was linkedaalecline in energetic output to input ra-

tios and introduced other environmental costs aatsat with inorganic fertilization and pes-
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ticide use. However, foregone productivity stayeghhin the uplands with their secondary
degraded vegetation. To this day, the nation igggtinog to find proper ways of agriculture in
these areas to provide sustainable livelihoodgHerupland dwellers, often considered the

“poorest of the poor”.

Another element that contributed to the strongease in HANPP until the late 1960s and its
stabilization from the 1970s onward was the develept of forest area and the forestry sec-
tor. Over the century, the nation faced a drandeiine in forest cover, from almost 70% to
as little as about 20% of total land area. Foresburces were exploited in an unsuitable
manner with a distinct peak in wood harvest ingady 1970s; much of this exploitation was
not related to local population as most of the onpssed logs were exported overseas. The
land opened by logging operations, however, praliagossibility for migrant farmers from
the densely populated lowland areas. Upland farr@dgo increased soil erosion and degra-
dation problems. Consequently, this process leideeased foregone ANPP in former for-
ested lands. Wood harvest declined sharply sired #70s and the country became a net im-

porter of wood products in recent years.

Population growth was exceptionally high throughtihg whole period, leading to a 10-fold
population increase from 1910 to 2003. This develmnposed a continuous strain on the
nation’s natural resources. In fact, before thee@rRevolution set off, many regions ap-
proached critical limits of population density farsociety based mainly on subsistence agri-
cultural. HANPP per capita decreased significaatlgr time with biomass harvest decreasing
at a much lower rate than foregone ANPP, owindnéorhentioned increases in efficiency. Of
the different components of societal biomass hareesy commercial crop harvest could
more or less keep track with population developmeluwever, the country remains a net
importer of rice. While having been a large scat¢ exporter of biomass over most of the
past century, the trade balance changed in thesl@8d the nation has imported large
amounts of biomass in recent years. This developmsenainly owing to the population ex-
plosion and to the described forest exploitatibriraded biomass would be considered in the
HANPP assessment of the Philippine society, thevaldy most likely, be no stabilization
from the 1970s onwards, owing to the mentioned ghithe trade balance. The importance of
biomass in the technical energy mix of the islandsl recently was of outstanding impor-

tance. Dependence on imported fossil fuel and dboadly produced electricity is, however,
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increasing strongly, leading to the impression thatnation is in the midst of the process of a

transition to a different energetic regime.

In the future, further increases in efficiency dfIRP appropriation seem possible, since aver-
age yields are still comparably low. Such furth@ensification is typically linked to public
investments, for example, in irrigation and theysmn of roads for market access. Such in-
vestments are, however, related to the nationah@uoe situation. With foreign debt prob-
lems, emigration of skilled workers and corruptiproblems, the situation looks kind of
bleak. Provision of off-farm employment and theesgthening of non-agriculture-related
sectors of industry and services seem cruciahénuplands, where ways to practice intensive
agriculture are lacking to this day, approache$ siscagroforestry seem promising to provide
reasonable livelihoods for the population. Intepgiog tree crops with subsistence and cash
crops can be a way to sustain ecosystem servicepramide poverty alleviation at the same
time. However, large scale success has yet tothblesthied and market access is crucial. Ex-
tensive small scale subsistence agriculture doesa®m to be an option at the present high
levels of population density and existing linksth@ world economy. Full integration into
global markets, however, should be considered waitly high caution, as the option of e.qg.
cheap wood or rice imports could undermine natigualls of reforestation and agricultural
self-sufficiency, respectively. In short, the keyiicreased future biomass harvests, which are
necessary as the population continues to grow, Séeime to further intensify the agricultural
sectors and find ways to increase the productieftylegraded lands. These developments
would be more or less HANPP-neutral and mean furitherease in efficiencies. However,
the present HANPP levels pose, most likely, a hestirgin to the nation’s originally rich bio-

diversity.

Comparability to other studies is limited to thistel as not many historical HANPP assess-
ments exist. Krausmann (2001) provides a detatiedyson the HANPP trajectory in Austria
from 1830 to 1995. He concludes that in Austria HANdecreased and ANPRPcreased
through agricultural intensification which led tbaadonment of unfavourable farmland and
increase in forest area. With the exception ofiticeesase in forest area, the process is similar
to the one in the post-Green Revolution Philippir@ther historic HANPP assessments will
become available shortly, on global and nationatlie This might lead to the possibility to

investigate if typical forms of HANPP trajectoriesist. The present study focuses on a tropi-
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cal developing nation, with a colonial history, angut data can often not be considered as
reliable as comparable data for developed natialss; the incorporation of slash and burn
practices proved difficult and unsatisfactory wéttailable data. Nonetheless, the results of
the research should be robust enough to give itssigiferring to trends and trajectories. They
present evidence of a phase in the transitionacherized by the aerial expansion of perma-
nent agriculture, decline of shifting cultivatioshortened fallow periods, closing of the land
frontier of permanently cultivable land, and a sggancrease in HANPP. With agricultural

intensification, productivity per unit area increaghrough external inputs, and HANPP stabi-
lizes, most likely at other environmental costsuftoy specific factors, such as, in the Philip-

pine context, the rapid exploitation of forest i@s@s and migration patterns, are important

and need to be considered and discussed.
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Appendix

A digital appendix, consisting of three Microsoftdex spreadsheets, is included on CD in the

hardcopy of my thesis. Here | give a brief desaipbf the files:

Major input data: the file “appendix1_major_inpuatalxIs” compiles time series data
on crop production, crop area harvested, numbetwvedtock, wood production and

the proxy data population, GDP, biomass trade artdizer-consumption.

Main factors: the file “appendix2_main_factors.x@giows factors used for the calcu-
lation and assignment of: ANPRnd ANPR., residues and ANRR on cropland,
livestock feed demand and grazed biomass, foressidues and biomass burned

through human-induced fires.

Main results: the file “appendix3_main_results.qg&sents major results of my time
series assessment of HANPP in the Philippines ft610-2003. These include: the
data set on land use for 11 land use categorie®R\NANPP,, and ANPR also
specified these 11 categories; and human biomassdtabroken down into 10 cate-
gories (industrial wood harvest, wood fuel harvgstized biomass, biomass burned in
slash & burn practices, biomass burned in othesfibiomass residues used as fuel,
biomass residues used as feed, biomass residukfobadiomass residues burned,
biomass residues other uses). A detail descrigiioiow the presented items were
calculated can be found in the section “MethodsteMals and Data Sources” of this

publication.

The files, along with more detailed data and infararacan be requested from the author via

e-mail.
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