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NON-TECHNICAL SUMMARY 

 

The Arafura and Timor Seas (ATS) region is shared by Indonesia, Timor-Leste, Australia and Papua 

New Guinea. The ATS region is at the intersection of two major Large Marine Ecosystems (LMEs), the 

Northern Australian Shelf, and the Indonesian Sea. High coastal population densities, degraded 

habitats, overexploited fisheries, low profile coasts, shallow continental shelves and macro-tidal 

conditions mean that the coastal and marine environments of the ATS region are under pressure, 

making them more vulnerable to the impacts of climate change. 

A number of projects in the ATS region have provided foundational baseline information on 

ecosystems in the region and the communities that depend on them, as well as potential climate 

change impacts. Projects include the Arafura and Timor Seas Ecosystem Action program (ATSEA-1) 

and this study which is part of the follow-up Phase 2 of the Arafura and Timor Seas Ecosystem Action 

program (ATSEA-2). Other relevant studies include rapid local community vulnerability assessments in 

Timor-Leste, a vulnerability assessment for Southeast Sulawesi, community action planning in Timor-

Leste and a transboundary diagnostic analysis in the ATS region. Where relevant, these studies were 

drawn on during the climate change vulnerability assessment presented in this report. This report 

also provides a review of available climate data and projections for the ATS region, and a selection of 

data for inputting to the vulnerability assessment. 

Global climate models (GCM) are the most common tool for climate change projections, however, 

their coarse spatial resolution (in the hundreds of km) mean GCM outputs are inadequate for sub-

national or local assessments. Therefore, downscaling techniques are needed to provide more 

regional and local information. The latest downscaled climate model outputs for 2070 in the ATS 

region are available through different sources depending on the climate variable. Projections of 

rainfall and air temperature are available at 20 km resolution (BMKG Indonesia), sea surface 

temperature and ocean chemistry (pH) at 5 km resolution (NOAA), sea-level rise, ENSO, winds and 

waves, storms and cyclones at a regional scale (CSIRO Australia), and for solar radiation at a global 

scale (IPCC). The accuracy of these projections also varies among the different climate variables. 

Climate change is expected to have profound effects on the status and distribution of coastal and 

pelagic habitats, the fish and invertebrates they support and, as a result, the communities and 

industries that depend on them. To prepare for and respond to these impacts it is necessary to 

understand the sources of vulnerability and identify effective and targeted adaptation actions. 

Regional results of the vulnerability assessment were spatially variable and identified coral reefs 

(shallow) as highly vulnerable to climate change, particularly in the Timor-Leste and Indonesia-

Arafura sub-regions, with hotspots around Manatuto and Barique Municipality, Timor-Leste and Tual 

in the Arafura Sea. Drivers of this vulnerability are poor habitat condition, non-climate pressures, 

particularly land-based pollution that impacts water quality, and lack of management.  Seagrass 

meadows were most vulnerable in the Gulf of Carpentaria due to a hotspot of sea surface 

temperature increase, Indonesia-Arafura due to low connectivity and other non-climate pressures, 

and Timor-Leste due to increases in sea temperatures, sea level rise and lack of formal management. 

Mangroves and estuarine habitats were most vulnerable in Timor-Leste and western PNG, with sea 

level rise, rainfall declines, poor current condition, low species diversity, low connectivity and lack of 

management key drivers of this vulnerability. 
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Species vulnerability was also spatially variable, with highly vulnerable and high priority species 

identified for each sub-region. A key driver of species vulnerability was their stock status, with many 

species in Timor-Leste, western Papua New Guinea and Indonesia, and several in northern Australia, 

either overfished or potentially overfished due to a lack of information. Lack of management in the 

northern sub-regions of the ATS, as well as other pressures such habitat loss, poor water quality and 

illegal, unregulated and unreported fishing were other key drivers. Species of conservation concern 

also tended to be assessed as highly vulnerable to climate change impacts, driven by their already 

threatened status and that they tend to be low productivity species that take many years to recover 

from impacts. 

This report provides recommendations for addressing the main drivers of vulnerability for habitats 

and species, and opportunities for improving the assessment outputs if further data become 

available. While the assessment is focused on the ATS marine ecosystem and the scale of results are 

at the regional and sub-regional level, they can be used to inform local climate change assessments 

through application of local processes, outlined in the supplementary Guide for Decision-Maker. 
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RINGKASAN NONTEKNIS 

 

Wilayah Laut Arafura dan Laut Timor (Arafura and Timor Seas ɀ ATS) terbagi ke dalam negara 

Indonesia, Timor-Leste, Australia dan Papua Nugini. Wilayah ATS berada di persimpangan dua Large 

Marine Ecosystems (LMEs) atau ekosistem laut besar dan utama dunia, yaitu Landas Kontinen 

Australia bagian Utara dan Perairan Samudra Indonesia. Berbagai kondisi seperti kepadatan populasi 

di wilayah pesisir; kualitas habitat yang terdegradasi; pemanfaatan perikanan secara berlebihan; 

topografi pantai yang rendah; landas kontinen yang dangkal; serta kondisi pasang surut yang tinggi, 

membuat lingkungan pesisir dan laut di wilayah ATS berada di bawah tekanan, dan rentan terhadap 

perubahan iklim.  

Sejumlah proyek di wilayah ATS telah memberikan informasi dasar yang sangat penting tentang 

kondisi ekosistem di wilayah tersebut, termasuk kondisi masyarakat yang bergantung pada dampak 

perubahan iklim. Kajian ini merupakan bagian dari program Arafura and Timor Seas Ecosystem Action 

Tahap 2 (ATSEA-2). Kajian lain yang relevan terkait kondisi ekosistem di wilayah ATS yaitu, penilaian 

cepat terkait kerentanan masyarakat lokal yang tinggal di Timor-Leste, penilaian kerentanan untuk 

Sulawesi Tenggara, perencanaan aksi masyarakat di Timor-Leste, dan analisis diagnostik lintas batas 

di wilayah ATS. Hasil kajian yang relevan akan dimanfaatkan sebagai panduan untuk menyusun 

penilaian kerentanan perubahan iklim dalam laporan ini. Lebih jauh, laporan ini juga memberikan 

tinjauan data dan proyeksi iklim yang tersedia untuk wilayah ATS. Selain itu, laporan ini juga 

memberikan pilihan data yang akan dimasukkan ke dalam kajian penilaian kerentanan. 

Model iklim global (MIG) adalah alat atau pendekatan yang paling umum untuk memproyeksikan 

perubahan iklim, tetapi, resolusi spasial kasar yang dihasilkannya (dalam ratusan kilometer) 

menunjukkan bahwa keluaran dari model ini tidak memadai untuk penilaian sub-nasional atau lokal. 

Oleh karena itu, diperlukan teknik downscaling atau mengurangi skala resolusi untuk memberikan 

informasi yang lebih akurat di tingkat regional dan lokal. Keluaran dari model iklim terbaru yang 

menggunakan teknik downscaling untuk tahun 2070 di wilayah ATS tersedia dari beberapa sumber, 

tergantung pada variabel iklim yang digunakan. Proyeksi curah hujan dan suhu udara tersedia pada 

resolusi 20 km (BMKG Indonesia), suhu permukaan dan tingkat keasaman laut (pH) tersedia pada 

resolusi 5 km (NOAA), kenaikan muka air laut, ENSO, angin dan gelombang, badai dan siklon tersedia 

pada skala regional (CSIRO Australia), dan untuk radiasi matahari tersedia pada skala global (IPCC). 

Keakuratan proyeksi ini juga berbeda-beda di antara variabel iklim yang bermacam-macam. 

Perubahan iklim diperkirakan akan berdampak besar pada status dan distribusi habitat pesisir dan 

pelagis, terutama ikan dan invertebrata. Sebagai akibatnya, masyarakat dan industri yang bergantung 

pada habitat tersebut juga mengalami dampak yang besar dari perubahan iklim. Untuk 

mempersiapkan dan menghadapi dampak-dampak ini, diperlukan sebuah kajian untuk memahami 

sumber kerentanan dan mengidentifikasi tindakan adaptasi yang efektif dan terarah. 

Hasil kajian kerentanan di wilayah regional menunjukkan bahwa, secara spasial atau tata ruang, 

wilayah ATS sangat bervariasi tingkat kerentanannya. Selain itu, kajian ini juga menemukan bahwa 

terumbu karang di wilayah dangkal sangat rentan terhadap perubahan iklim, khususnya di sub-

wilayah Timor-Leste dan Indonesia-Arafura, terutama di sekitar Kota Manatuto dan Barique, Timor-

Leste dan Tual di Laut Arafura. Pemicu kerentanan ini adalah kondisi habitat yang buruk, tekanan 

noniklim, terutama pencemaran berbasis lahan yang berdampak pada kualitas air, serta kurangnya 
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manajemen pengelolaan. Kondisi ekosistem padang lamun yang sangat rentan terdapat di Teluk 

Carpentaria. Kerentanan di Teluk Carpentaria diakibatkan karena wilayah tersebut merupakan daerah 

rawan atau hotspot peningkatan suhu permukaan laut. Tidak hanya itu, wilayah Laut Arafura di 

Indonesia juga mengalami peningkatan suhu permukaan laut karena konektivitas ekosistem padang 

lamun yang rendah dan tekanan noniklim lainnya. Sementara itu, kondisi ekosistem padang lamun di 

Timor-Leste mengalami peningkatan suhu permukaan laut, kenaikan permukaan air laut, dan 

kurangnya pengelolaan wilayah secara formal. Habitat hutan bakau dan habitat di muara, merupakan 

habitat yang paling rentan di Timor-Leste dan Papua Nugini bagian barat. Kenaikan permukaan air 

laut dan penurunan curah hujan, membuat kondisi habitat semakin memburuk. Tak hanya itu, 

keanekaragaman spesies yang semakin rendah, konektivitas yang rendah dan kurangnya pengelolaan 

juga menjadi pendorong utama kondisi kerentanan di wilayah ini. 

Kerentanan spesies juga bervariasi secara spasial, terutama pada spesies sangat rentan dan spesies 

prioritas tinggi (utama) yang teridentifikasi di setiap sub-wilayah. Faktor utama kerentanan spesies 

adalah status stok spesies tersebut. Terdapat banyak spesies yang rentan berada di Timor-Leste, 

Papua Nugini bagian barat, dan Indonesia, serta beberapa di Australia utara, kerentanan disebabkan 

karena spesies tersebut ditangkap secara berlebihan atau berpotensi ditangkap secara berlebihan 

akibat dari kurangnya informasi di masyarakat. Kurang efektifnya pengelolaan di sub-wilayah ATS 

bagian utara, serta tekanan lain seperti hilangnya habitat, kualitas air yang buruk, dan kegiatan 

penangkapan ikan tidak sah (ilegal), tidak dilaporkan, dan tidak diatur adalah faktor pendorong lain 

bagi kerentanan spesies. Selain itu, spesies yang menjadi perhatian konservasi juga cenderung sangat 

rentan terhadap dampak perubahan iklim. Hal ini disebabkan oleh status spesies tersebut yang sudah 

terancam dan cenderung berproduktivitas rendah, sehingga membutuhkan waktu bertahun-tahun 

untuk pulih dari dampak perubahan iklim. 

Laporan ini memberikan rekomendasi untuk merespons penyebab utama kerentanan habitat dan 

spesies, serta peluang untuk meningkatkan hasil kajian kerentanan, setelah data lebih lanjut sudah 

tersedia. Kajian ini difokuskan pada ekosistem laut ATS dengan skala hasil berada di tingkat regional 

dan sub-regional. Selain itu, kajian ini dapat digunakan untuk memberikan informasi bagi kajian 

perubahan iklim lokal melalui penerapan proses di tingkat lokal, yang diuraikan dalam dokumen 

tambahan yaitu Panduan untuk Pengambil Keputusan. 
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{¦a#wL¦ [!Ωj{-TÉKNIKU 

 

Rejiaun Arafura no Tasi Timor (ATT) hafahe-uza hosi Indonézia, Timor-Leste, Australia no Papua Nova 

'ÕÉÎïȢ 2ÅÊÉÁÕÎ !44 ÎÕȭÕÄÜÒ ÉÎÔÅÒÓÅËÓÁÕÎ ÂÁ %ËÏÓÉÓÔÅÍÁ Marina Boot (EMB) rua, Plataforma Norte 

!ÕÓÔÒÁÌÉÁÎÕ ÎÏ 4ÁÓÉ )ÎÄÏÎïÚÉÁȢ $ÅÎÓÉÄÁÄÅ ÐÏÐÕÌÁÓÁÕÎ ËÏÓÔÅÉÒÁ ÎÉÁÎ ÎÅȭÅÂï ÁÁÓȟ ÄÅÇÒÁÄÁÓÁÕÎ ÂÁ 

ÁÂÉÔÁÓÁÕÎȟ ÐÅÓËÁ ÅÚÅÓþÖÕȟ ËÏÓÔÅÉÒÁ ÈÏ ÐÅÒÆþÌ ÂÁÄÁËȟ ÐÌÁÔÁÆÏÒÍÁ ËÏÎÔÉÎÅÎÔÅ ÎÅȭÅÂï ÌÁ-ËÌÅȭÁÎ ÎÏ 

kondisaun mákro-meti-maran hatudu katak ambiénte kosteira no marina rejiaun ATT nian iha presaun 

laran, halo nia sai vulnerável liu hasoru impaktu alterasaun klimátika.  

Númeru projetu balun iha rejiaun ATT fornese ona informasaun baze fundamentál kona-ba 

ekosistema iha rejiaun no koÍÕÎÉÄÁÄÅ ÓÉÒÁ ÎÅȭÅÂï ÄÅÐÅÎÄÅ ÂÁ ÎÉÁȟ ÎÕÎÅȭÅ ÍĕÓ ÉÍÐÁËÔÕ ÐÏÔÅÎÓÉÜÌ 

ÁÌÔÅÒÁÓÁÕÎ ËÌÉÍÜÔÉËÁ ÎÉÁÎȢ 0ÒÏÊÅÔÕ ÓÉÒÁ ÎÅȭÅ ÉÎËÌÕÉ 0ÒÏÇÒÁÍÁ !ÓÁÕÎ %ËÏÓÉÓÔÅÍÁ !ÒÁÆÕÒÁ ÎÏ 4ÁÓÉ 4ÉÍÏÒ 

(AEATT-ΣɊ ÎÏ ÅÓÔÕÄÕ ÎÅȭÅ ÎÕȭÕÄÜÒ ÐÁÒÔÅ ËÏÎÔÉÎÕÉÄÁÄÅ &ÁÚÅ Τ ÂÁ 0ÒÏÇÒÁÍÁ !ÓÁÕÎ %ËÏÓÉÓÔÅÍÁ !Òafura 

no Tasi Timor (AEATT-2). Estudu relevante siraseluk inklui avaliasaun vulnerabilidade rápida ba 

komunidade lokál iha Timor-Leste, avaliasaun vulnerabilidade ba Sulawesi Sudéste, planu asaun 

komunitáriu iha Timor-Leste no análize diagnótiku trans-fronteirisa iha rejiaun ATT. Karik relevante, 

ÅÓÔÕÄÕ ÓÉÒÁ ÎÅȭÅ ÅÌÁÂÏÒÁ ÄÕÒÁÎÔÅ ÁÖÁÌÉÁÓÁÕÎ ËÏÎÁ-ÂÁ ÖÕÌÎÅÒÁÂÉÌÉÄÁÄÅ ÁÌÔÅÒÁÓÁÕÎ ËÌÉÍÜÔÉËÁ ÎÅȭÅÂï 

ÁÐÒÅÚÅÎÔÁ ÉÈÁ ÒÅÌÁÔĕÒÉÕ ÉÄÁ ÎÅȭÅȢ 2ÅÌÁÔĕÒÉÕ ÎÅȭÅ ÍĕÓ ÆÏÒÎÅÓÅ ÒÅÖÉÚÁÕÎ ÄÁÔÁ ËÌÉÍÜÔÉËÁ ÎÏ ÐÒÏÊÅÓÁÕÎ 

ÎÅȭÅÂï ÉÈÁ ÂÁ ÒÅÊÉÁÕn ATT, no selesaun ba data hodi integra iha avaliasaun ba vulnerabilidade.  

-ÏÄÅÌÕ +ÌÉÍÜÔÉËÁ 'ÌÏÂÜÌ ɉ-+'Ɋ ÎÕȭÕÄÜÒ ÉÎÔÒÕÍÅÎÔÕ ËÏÍĭÎ ÌÉÕ ÂÁ ÐÒÏÊÅÓÁÕÎ ÁÌÔÅÒÁÓÁÕÎ ËÌÉÍÜÔÉËÁȟ ÂÉȭÜÒ 

ÎÕÎÅȭÅȟ ÎÉÁ ÒÅÚÏÌÕÓÁÕÎ ÅÓÐÁÓÉÜÌ ËÒÕËÕÔ ɉÉÈÁ ËÉÌÏÍÅÔÒÕ ÁÔÕÓ ÂÁ ÁÔÕÓɊ ÓÉÇÎÉÆÉËÁ ÒÅÚÕÌÔÁÄÕ -+' ÎÅȭÅ 

inadekuadu ba avaliasaun sub-ÎÁÓÉÏÎÜÌ ÎÏ ÌÏËÜÌȢ .ÕÎÅȭÅȟ ÐÒÅÓÉÚÁ ÔïËÎÉËÕ ÈÁÍÅÎÕÚ ÅÓËÁÌÁÕÎ ÁÔÕ 

fornese liutan informasaun rejionál no lokál. Rezultadu modelu hamenuz eskalaun klimátika ikusliu ba 

tinan 2070 ba rejiaun ATT disponível ona liuhosi fonte oioin depende ba variável klimátika. Projesaun 

ba udan-been no temperatura ár disponível iha rezolusaun 20 km (BMKG Indonézia), superfíse tasi no 

kímika oseánia (pH) iha rezolusaun 5 km (NOAA), nível-ÔÁÓÉ ÓÁȭÅȟ %.3/ȟ ÁÎÉÎ ÎÏ ÌÁÌÏÒÁÎȟ ÁÎÉÎ-fuik no 

siklóne iha eskalaun rejionál (CSIRO Australia), no ba radiasaun solár iha eskalaun globál (IPCC). 

0ÒÅÓÉÚÁÕÎ ÂÁ ÐÒÏÊÅÓÁÕÎ ÓÉÒÁ ÎÅȭÅ ÍĕÓ ÌÁ ÈÁÎÅÓÁÎ ÅÎÔÒÅ ÖÁÒÉÜÖÅÌ ÓÉÒÁ ËÌÉÍÜÔÉËÁ ÎÉÁÎȢ 

Iha espetativa katak alterasaun klimátika sei fó efeitu makaas ba estatutu no distribuisaun abitasaun 

ËÏÓÔÅÉÒÁ ÎÏ ÏÓÅÜÎÉËÕȟ ÉËÁÎ ÎÏ ÉÎÖÅÒÔÅÂÒÁÔÁ ÎÅȭÅÂï ÓÉÒÁ ÔÕÌÕÎ ÎÏȟ ÈÁÎÅÓÁÎ ÒÅÚÕÌÔÁÄÕȟ ËÏÍÕÎÉÄÁÄÅ ÎÏ 

ÉÎÄĭÓÔÒÉÁ ÍĕÓ ÄÅÐÅÎÄÅ ÂÁ ÓÉÒÁȢ !ÔÕ ÐÒÅÐÁÒÁ ÎÏ ÈÁÔÁÎ ÂÁ ÉÍÐÁËÔÕ ÈÉÒÁË ÎÅȭÅ ÎÅÓÅÓÜÒÉÕ ÄÕÎÉ ÁÔÕ 

kumpriénde fonte vulnerabilidade no ÉÄÅÎÔÉÆÉËÁ ÁÓÁÕÎ ÁÄÁÐÔÁÓÁÕÎ ÎÅȭÅÂï ÅÆÅÔÉÖÕ ÎÏ ÈÏ ÁÌÖÕ ÌÏÌÏÏÓȢ  

2ÅÚÕÌÔÁÄÕ ÒÅÊÉÏÎÜÌ ÂÁ ÁÖÁÌÉÁÓÁÕÎ ÖÕÌÎÅÒÁÂÉÌÉÄÁÄÅ ÎÅȭÅ ÅÓÐÁÓÉÁÌÍÅÎÔÅ ÉÈÁ ÖÁÒÉÅÄÁÄÅ ÎÏ ÉÄÅÎÔÉÆÉËÁ ÁÈÕ-

ruin (la-ËÌÅȭÁÎɊ ÓÁÉ ÖÕÌÎÅÒÜÖÅÌ ÌÉÕ ÂÁ ÁÌÔÅÒÁÓÁÕÎ ËÌÉÍÜÔÉËÁȟ ÐÁÒÔÉËÕÌÁÒÍÅÎÔÅ ÉÈÁ 4ÉÍÏÒ-Leste no sub-

rejiaun Indonézia-Arafura nian, ho fatin sira hanesan iha munisípiu Manatuto no Barique, Timor-Leste, 

ÎÏ 4ÕÁÌ ÉÈÁ 4ÁÓÉ !ÒÁÆÕÒÁȢ &ÁÔĕÒ ÂÁ ÖÕÌÎÅÒÁÂÉÌÉÄÁÄÅ ÈÉÒÁË ÎÅȭÅ ÍÁËÁ ËÏÎÄÉÓÁÕÎ ÁÂÉÔÁÓÁÕÎ ÎÅȭÅÂï ÍÕËÉÔȟ 

ÐÒÅÓÁÕÎ ÌÁȭĕÓ-klimátiku, partikularmente poluÉÓÁÕÎ ÍÁÉ ÈÏÓÉ ÒÁÉ ÎÅȭÅÂï Æĕ ÉÍÐÁËÔÕ ÂÁ ËÕÁÌÉÄÁÄÅ ÂÅÅ 

ÎÏ ÆÁÌÔÁ ÊÅÓÔÁÕÎȢ $ÕȭÕÔ-tasi rai-hae sai mós vulnerável iha Abízmu Carpentaria kauza hosi fatin ba 

ÔÅÍÐÅÒÁÔÕÒÁ ÓÕÐÅÒÆþÓÅ ÔÁÓÉ ÓÁȭÅȟ )ÎÄÏÎïÚÉÁ-!ÒÁÆÕÒÁ ÎÉÁÎ ËÁÕÚÁ ÈÏÓÉ ËÏÎÅÔÉÖÉÄÁÄÅ ËÉÉË ÎÏ ÐÒÅÓÁÕÎ ÌÁȭĕÓ-

klimátika siraseluk, no Timor-,ÅÓÔÅ ËÁÕÚÁ ÈÏÓÉ ÔÅÍÐÅÒÁÔÕÒÁ ÔÁÓÉ ÎÅȭÅÂï ÓÁȭÅȟ ÎþÖÅÌ ÔÁÓÉ ÓÁȭÅ ÎÏ ÆÁÌÔÁ 

jestaun formál sira. Ai-parapa no abitasaun estuarinu maka vulnerável liu iha Timor-Leste no PNG 

ÏïÓÔÅȟ ÈÏ ÎþÖÅÌ ÔÁÓÉ ÓÁȭÅȟ ÄÅÍÉÎÕÉÓÁÕÎ ÕÄÁÎ-been, kondisauÎ ÅÚÉÓÔÅÎÔÅ ÎÅȭÅÂï ÍÕËÉÔȟ ÄÉÖÅÒÓÉÄÁÄÅ 

ÅÓÐïÓÉÅ ÎÅȭÅÂï ËÉÉËȟ ËÏÎÅÔÉÖÉÄÁÄÅ ËÉÉË ÎÏ ÆÁÌÔÁ ÊÅÓÔÁÕÎ ÂÁ ÆÁÔĕÒ ØÁÖÅ ÓÉÒÁ ÉÈÁ ÖÕÌÎÅÒÁÂÉÌÉÄÁÄÅ ÉÄÁ ÎÅȭÅȢ   
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6ÕÌÎÅÒÁÂÉÌÉÄÁÄÅ ÅÓÐïÓÉÅ ÍĕÓ ÅÓÐÁÓÉÁÌÍÅÎÔÅ ÉÈÁ ÖÁÒÉÅÄÁÄÅȟ ÈÏ ÅÓÐïÓÉÅ ÎÅȭÅÂï ÖÕÌÎÅÒÜÖÅÌ ÌÉÕ ÎÏ ÈÏ 

prioridade aas ÎÅȭÅÂï ÉÄÅÎÔÉÆÉËÁ ÔÉÈÁ ÏÎÁ ÂÁ ÓÕÂ-rejiaun idaidak. Fatór xave ba vulnerabilidade espésie 

ÍÁËÁ ÎÉÁ ÅÓÔÁÔÕÔÕ ÄÉÓÐÏÎÉÂÉÌÉÁÄÅȟ ÈÏ ÅÓÐïÓÉÅ ÎÅȭÅÂï ÂÁÒÁË ÉÈÁ 4ÉÍÏÒ-Leste, PNG oéste no Indonézia, 

ÎÏ ÂÁÌÕÎ ÉÈÁ !ÕÓÔÒÁÌÉÁ ÎÏÒÔÅȟ ÎÅȭÅÂï ÈÅÔÁÎ ÐÅÓËÁ ÅÚÅÓÉÖÕ ËÁ ÐÏÔÅÎÓÉÁlmente ezesivu tanba falta 

informasaun. Falta jestaun iha ATT sub-ÒÅÊÉÁÕÎ ÎÏÒÔÅ ÎÉÁÎȟ ÎÕÎÅȭÅ ÍĕÓ ÐÒÅÓÁÕÎ ÓÉÒÁÓÅÌÕË ÈÁÎÅÓÁÎ 

ÁÂÉÔÁÓÁÕÎ ÎÅȭÅÂï ÌÁËÏÎȟ ËÕÁÌÉÄÁÄÅ ÂÅÅ ÎÅȭÅÂï ÍÕËÉÔ ÎÏ ÐÅÓËÁ ÉÌÅÇÜÌȟ ÌÁ ÒÅÇÕÌÁ ÎÏ ÌÁ ÉÈÁ ÒÅÌÁÔĕÒÉÕ ÍÁËÁ 

sai mós hanesan fatór xave entre siraseluk. Espésie ba kestaun konservasaun mós iha tendensia 

hetan avaliasaun basá iha vulnerabilidade aas ba impaktu alterasaun klimátika, basá nia estatutu 

ÁÍÅÁÄÕ ÎÏ ÉÈÁ ÔÅÎÄÅÎÓÉÁ ÂÁ ÐÒÏÄÕÔÉÖÉÄÁÄÅ ÅÓÐïÓÉÅ ÎÅȭÅÂï ËÉÉË ÎÅȭÅÂï ÐÒÅÓÉÚÁ ÔÅÍÐÕ ÎÁÒÕË ÁÔÕ 

rekÕÐÅÒÁ ÈþËÁÓ ÈÏÓÉ ÉÍÐÁËÔÕ ÓÉÒÁ ÎÅȭÅȢ 

2ÅÌÁÔĕÒÉÕ ÉÄÁ ÎÅȭÅ ÆÏÒÎÅÓÅ ÒÅËÏÍÅÎÄÁÓÁÕÎ ÁÔÕ ÈÁÔÁÎ ÂÁ ÆÁÔĕÒ ÐÒÉÎÓÉÐÜÌ ÂÁ ÖÕÌÎÅÒÁÂÉÌÉÄÁÄÅ ÂÁ ÉÈÁ 

ÁÂÉÔÁÓÁÕÎ ÎÏ ÅÓÐïÓÉÅ ÓÉÒÁȟ ÎÏ ÏÐÏÒÔÕÎÉÄÁÄÅ ÁÔÕ ÈÁÄÉȭÁË ÒÅÚÕÌÔÁÄÕ ÁÖÁÌÉÁÓÁÕÎ ÂÁÉÎÈÉÒÁ ÉÈÁ ÄÁÔa seluk 

ÎÅȭÅÂï ÄÉÓÐÏÎþÖÅÌȢ -ÁÓËÅ ÁÖÁÌÉÁÓÁÕÎ ÎÅȭÅ ÆÏËÁ ÂÁ ÅËÏÓÉÓÔÅÍÁ ÍÁÒÉÎÁ !44 ÎÉÁÎ ÎÏ ÅÓËÁÌÁ ÒÅÚÕÌÔÁÄÕ 

ÎÅȭÅÂï ÉÈÁ ÎþÖÅÌ ÒÅÊÉÏÎÜÌ ÎÏ ÓÕÂ-rejionál, bele utiliza sira hodi informa avaliasaun alterasaun klimátika 

ÌÏËÜÌ ÌÉÕÈÏÓÉ ÁÐÌÉËÁÓÁÕÎ ÂÁ ÐÒÏÓÅÓÕ ÌÏËÜÌȟ ÎÅȭÅÂï ÄÅÓËÒÅÖÅ ËÌÅȭÁÎ ÉÈÁ -ÁÔÁÄÁÌÁÎ ËÏÍÐÌÅÍÅÎÔÜÒ ÂÁ 

Makfoti-Desizaun sira.
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CHAPTER 1. INTRODUCTION 

 

The Arafura and Timor Seas (ATS) region is located at the intersection of two major Large Marine 

Ecosystems (LMEs), the Northern Australian Shelf to the south, and the Indonesian Sea to the north. 

The ATS region is shared by Indonesia, Timor-Leste, Australia and Papua New Guinea (PNG). It is a 

tropical sea connecting the Pacific and Indian Oceans and extending from the Timor Sea to the Torres 

Strait, including the Arafura Sea and Gulf of Carpentaria (Figure 1). The region has high human coastal 

population density, particularly in Indonesia, and is adjacent to the Coral Triangle, which has the 

×ÏÒÌÄȭÓ ÈÉÇÈÅÓÔ ÍÁÒÉÎÅ ÂÉÏÄÉÖÅÒÓÉÔÙ ÁÎÄ ÃÏÎÔÁÉÎÓ ÓÏÍÅ ÏÆ ÔÈÅ ÍÏÓÔ ÐÒÉÓÔÉÎÅ ÁÓ ×ÅÌÌ ÁÓ ÈÉÇÈÌÙ 

threatened coastal and marine ecosystems. At a regional scale, the ecosystems are rich in marine 

biodiversity, fisheries, oil and gas and play important economic, cultural, social and ecological roles 

for all nations bordering the Arafura and Timor Seas. 

 

Figure 1. Map of ATS region, showing four spatial sub-units to be used for vulnerability assessment 

 

The Arafura and Timor Seas Ecosystem Action program (ATSEA-2) is the second phase of the GEF-

financed, UNDP-supported ATSEA program, building upon the foundational results realized in the 

first phase, covering Indonesia, Timor-Leste, Papua New Guinea, and Australia. ATSEA-2 is designed to 

enhance regional collaboration and coordination in the ATS region and will specifically focus on 

supporting the implementation of the endorsed Strategic Action Program (SAP), a 10-year vision for 

the Arafura-Timor Seas with the long-ÔÅÒÍ ÏÂÊÅÃÔÉÖÅ Ȱto promote sustainable development of the 
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Arafura-Timor Seas region to improve the quality of life of its inhabitants through restoration, 

conservation and sustainable management of marine-coastal ecosystemsȱȢ  

The 5-year ATSEA-2 project will support implementation of the following governance and 

environmental objectives of the ATS regional SAP: (i) Strengthening of ATS regional governance; (ii) 

Recovering and sustaining fisheries; (iii) Restoring degraded habitats for sustainable provision of 

ecosystem services; (iv) Reducing land-based and marine sources of pollution; (v) Protecting key 

marine species; and (vi) Adaptation to the impacts of climate change. 

One of the ATSEA-2 project objectives is to improve understanding of climate change impacts on 

marine and coastal ecosystems, especially the impacts on fisheries that are critical to sustaining socio-

economic development in the ATS region. As climate change impacts are expected to increase, 

affecting more and more people and disrupting ecosystems and infrastructure, it is imperative to 

educate national and local government planners and other decision makers, as well as the general 

public, about the need to implement resilient strategies and to allocate sufficient resources for 

climate change adaptation and mitigation measures. 

This report provides a synthesis of a review of studies in large marine ecosystems (LMEs), global 

climate models and a regional analysis of current climate change models and strategies within the 

ATS region. The report also summarises the outputs of scale-appropriate climate models for the ATS 

region (where available) using predicted climate variables that are expected to impact the region 

over the next 50 years (to 2070). Included is an overview of how coastal and ocean habitats are 

predicted to be influenced by climate change. The climate change projection data were used for the 

ATSEA-Τ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ ÖÕÌÎÅÒÁÂÉÌÉÔÙ ÁÓÓÅÓÓÍÅÎÔȟ ÁÓ Á ÐÒÉÍÁÒÙ ÉÎÐÕÔ ÆÏÒ ÔÈÅ ȬÅØÐÏÓÕÒÅȭ ÃÏÍÐÏÎÅÎÔ 

for assessing important fisheries and supporting habitats in the ATS region. The vulnerability 

assessment was conducted for five spatial sub-units in the ATS region ɀ Indonesia-Arafura, Timor-

Leste, western PNG, Gulf of Carpentaria and northwest Australia (see Figure 1) ɀ to deliver results 

relevant to the habitats, species and fisheries in those sub-units. An overview of the methodology for 

the vulnerability assessment is provided in Section 4, climate change projections are provided in 

Section 5, results of the vulnerability assessment are provided in Sections 6 and 7, the discussion of 

results in Section 8, and recommendations in Section 9.  
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CHAPTER 2. ARAFURA & TIMOR SEAS REGIONAL CONTEXT 

 

Large Marine Ecosystems (LMEs) are ocean areas of approximately 200,000 km² or more, adjacent to 

continents in coastal waters where primary productivity is generally higher than in the open oceans. 

Globally, LMEs produce about 80% of the annual world's marine fisheries catch. They are also centers 

of coastal ocean pollution, nutrient enrichment, habitat degradation, overfishing, biodiversity loss, 

and climate change effects. The US$12.6 trillion in goods and services contributed annually by LMEs 

to the world's economy is at risk from unsustainable practices (UNDP & GEF 2013) 1. 

The ATS region is within two LMEs; the Indonesian Sea (#38) and the North Australian Shelf (#39) and 

is situated at the convergence of the Pacific and Indian Oceans, bordered by Indonesia, Timor-Leste, 

Australia and PNG. The Indonesian Sea LME covers an area of 2.3 million km2, with 1.49% protected, 

ÁÎÄ ÃÏÎÔÁÉÎÓ ΣΡϷ ÁÎÄ ΡȢΩΧϷ ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ ÃÏÒÁÌ ÒÅÅÆÓ ÁÎÄ ÓÅÁ ÍÏÕÎÔÓȟ ÒÅÓÐÅÃÔÉÖÅÌÙ ɉ3ÅÁ !ÒÏÕÎÄ 5Ó 

ΤΡΡΩɊȢ )ÎÄÏÎÅÓÉÁ ÉÓ ÏÎÅ ÔÈÅ ×ÏÒÌÄȭÓ ÌÁÒÇÅÓÔ ÁÒÃÈÉÐÅÌÁÇÏ ÎÁÔÉÏÎÓȟ ×ÉÔÈ Á ÃÏÁÓÔÌÉÎÅ ÁÒÏÕÎÄ ΪΦȟΡΡΡ ËÍ ÉÎ 

ÌÅÎÇÔÈȢ 4ÈÅ ×ÁÒÍ ÏÃÅÁÎ ÁÃÔÓ ÁÓ Á ȬÈÅÁÔ ÅÎÇÉÎÅȭ ÏÆ ÇÌÏÂÁÌ ÁÔÍÏÓÐÈÅÒÉÃ ÃÉÒÃÕÌÁÔÉÏÎȟ ×ÉÔÈ ÃÏÍÐÌÅØ 

ocean-atmospheric dynamics, including the El Nino Southern Oscillation (ENSO). The convergence of 

three tectonic plates ɀ the Eurasian, the Indo-Australian and the Pacific ɀ makes the region 

geologically and topographically diverse. Seasonal monsoons, during which ocean currents reverse 

directions, exert a significant influence on the LME. The seas around Indonesia have complex and 

rapid currents due to high-energy tides over rough topography and also owing to the Indonesian 

Throughflow, a warm-water current flowing between the Pacific and Indian Oceans (see Figure 2; 

Pitcher et al. 2007, UNEP 2005). Surface waters in the Timor and Arafura Seas are generally lower in 

salinity than adjacent oceanic waters due to higher precipitation. High salinities can occur in many 

coastal areas due to enhanced evaporation, particularly at the end of the dry season. 

 

Figure 2. Map showing the Indonesian Throughflow, northwest monsoon and circulation patterns in the ATS region 
(Blue Corner Marine Research) 

                                                
1 http://lme.edc.uri.edu/index.php/lme-introduction  

http://lme.edc.uri.edu/index.php/lme-introduction
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The Indonesian Sea LME is considered a Class I ecosystem with high productivity (>300 gCm-2yr-1). 

The Banda Sea and the Aru Basin in particular, are areas of extensive seasonal upwelling and 

downwelling related to the monsoon system, a dominant large-scale seasonal feature (Wijffels et al. 

2018). During upwelling periods, species biomass and productivity at all levels in the food chain are 

greatly enhanced. Stocks of small pelagic fish are also considerably higher during upwelling. The 

changing oceanographic conditions in this LME also influence phytoplankton and zooplankton 

species composition. 

The North Australian Shelf LME lies on the north coast of Australia from the Timor Sea to the Torres 

Strait and includes the Gulf of Carpentaria and Joseph Bonaparte Gulf and is 772,214 km2 in area. This 

LME is a Class I ecosystem with high productivity (average of 475 gCm-2yr-1) although offshore areas 

are more oligotrophic. Approximately 0.65% of this LME is covered by mangroves (US Geological 

Survey 2011) and 0.24% by coral reefs, representing about 0.7% of global reef area (Global Distribution 

of Coral Reefs 2010). It has a high area under management, with the LME having an increase in MPA 

coverage from 531 km2 prior to 1983 to 153,288 km2 by 2014. This represents a significant increase and 

ÁÂÏÕÔ ΤΡϷ ÏÆ ÔÈÅ ÔÏÔÁÌ ,-% ÁÒÅÁȟ ÐÌÁÃÉÎÇ ÉÔ ÉÎ ÔÈÅ ȬÈÉÇÈȭ ÃÁÔÅÇÏÒÙ ÏÆ -0! ÃÈÁÎÇÅȢ  

The Indonesian Throughflow, crosses the north-western part of this LME and plays a vital role in 

driving the world's climate system, carrying up to 10,000,000 m3 per second from the Pacific Ocean 

into the Indian Ocean. The Throughflow is of particular importance to Australia since it warms the sea 

surface of the Indian Ocean and is a major driver of climate in northern Australia. The region has a 

monsoon climate and tropical cyclones are common seasonal events. Based on a combined measure 

of the Human Development Index (HDI) and indicators for current condition and pressures (e.g. fish 

& fisheries, pollution & ecosystem health), the overall risk factor in this LME is considered very low 

(IOC-UNESCO & UNEP 2016)2. 

The ATS region is located in the Indo-West Pacific centre of biodiversity, supporting very high 

diversity (Roberts et al. 2002). More than 600 species of reef-building corals, 2,500 species of marine 

fish, 47 species of mangroves and 13 species of seagrass are found in the region (Tomascik et al. 1997, 

Veron 2000, Spalding et al. 2010). Pelagic ocean habitats are important and support high biodiversity 

of both large and small migratory marine species, including cetaceans, such as the blue fin and 

humpback whales, and other species that frequently migrate through the region (Kahn and Pet 

2003). 

A number of climate change studies have been conducted in other LMEs, including vulnerability 

assessments for target sectors. For example, in the North Brazil Shelf LME and Caribbean Sea LME is 

engaging with seven countries under the Climate Change Adaptation in the Eastern Caribbean 

Fisheries Sector project funded by GEF-FAO. The project is focussing on fisheries, as the sector is 

expected to be severely impacted by climate variability and change through slow-onset changes as 

well as extreme events. The project objective is to increase resilience and reduce vulnerability to 

climate change impacts in the Eastern Caribbean fisheries sector, through the introduction of 

adaptation measures in fisheries management and capacity building for fisherfolk and aquaculturists 

(FAO 2018). Similarly, a project in the Humboldt Current LME is strengthening the adaptive capacity 

to climate change in the fisheries and aquaculture sector to reduce vulnerability.  

                                                
2 http://onesharedocean.org/LME_39_North_Australian_Shelf  

http://onesharedocean.org/LME_39_North_Australian_Shelf
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A global comparative assessment of LMEs provided a snapshot of LME condition with respect to a 

number of priority issues, including unsustainable fishing, pollution, habitat destruction and climate 

change. The patterns of risk among LMEs highlighted that, in general, LMEs in developing tropical 

regions are at highest potential risk, and that climate change (ocean warming and acidification) 

impacts are already evident in many LMEs and are projected to play an increasing role in determining 

LME condition into the future. Across all LMEs, the individual stressors relating to climate change are 

the largest contributors to cumulative impact scores. Importantly, the global assessment of LMEs 

could not examine cause and effect, which is likely to vary among and within LMEs, and 

recommended detailed sub-LME assessments to make causal links for specific issues and obtain 

integrated results that can inform management. This study is one such sub-LME assessment that will 

use downscaled climate data to assess vulnerability of habitats and fisheries to climate change and 

provide targets for adaptation action (IOC-UNESCO & UNEP 2016).  
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CHAPTER 3. ARAFURA & TIMOR SEAS ECOSYSTEM ACTION PROJECT 

 

The ATS region covers more than 170 million ha and contains important coastal ecosystem such as 

coral reefs (shallow and deep), seagrass and mangroves. Shallow coral reefs and seagrass are widely 

distributed in clearer waters, while mangroves are mostly distributed from the coast of Papua and 

PNG to the north coast of Australia (Figure 3). Deep reefs are generally associated with sea mounts 

and are another important habitat, along with pelagic or open ocean habitats. The marine 

environment in the ATS region is in significant decline, primarily as a result of overharvesting and 

other direct and indirect impacts of anthropogenic stresses including climate change. The Reefs at 

Risk project identified Indonesian reefs as having the largest area of threatened coral reefs in the ATS 

region, with overfishing and destructive fishing pressures driving much of the threat, followed by 

watershed-based pollution and coastal development (Burke et al. 2011). A global study of primary 

productivity and fisheries in LMEs under future climate change projected the greatest declines in 

potential fish production in the Indo-Pacific, which includes the ATS region (Blanchard et al. 2012).  

The first phase of the ATSEA program conducted a series of consultations and identified five key 

environmental issues that require urgent action to address: 

1. Unsustainable fisheries, 

2. Habitat degradation, 

3. Marine and land-based pollution, 

4. Loss of biodiversity, and 

5. Impacts of climate change. 

The bathymetry and oceanography of the region ɀ shallow continental shelves and semi-enclosed 

gulfs ɀ have resulted in strong connectivity in oceanographic and ecological processes, such as the 

movements of larvae, pelagic and migratory species. This means that species and fish stocks are 

shared between jurisdictions, e.g., offshore demersal snapper fisheries for Lutjanus malabaricus, 

L.erythropterus and L. argentimaculatus (Blaber et al. 2005; Salini et al. 2006), and globally significant 

populations of migratory protected species (turtles, dugongs, cetaceans, sawfishes, elasmobranchs) 

are found throughout the ATS region (Alongi et al. 2011). For migratory species such as sea turtle, the 

Arafura Sea plays role as feeding and nursery ground after they were nesting in Palau (Klain et al. 

2007) and the Papua Birds head (Doi et al. 2019). 

Fisheries in the ATS region are a particularly complex and productive socio-economic sector, with 

multiple actors, target species and technology used. The main characteristics of depletion of shared 

ATS transboundary stocks by fishery were assessed as part of the ATS transboundary diagnostic 

analysis in 2012 (ATSEA 2012). The analysis under ATSEA-1 found that the combined pressures of 

climate change, unsustainable harvesting, destructive fishing practices, illegal unreported 

unregulated (IUU) fishing, and bycatch are having significant impacts on marine species in the ATS 

region. Particularly on globally threatened coastal marine megafauna including migratory, rare, and 

threatened species of turtles, dugongs, seabirds/shorebirds, sea snakes, cetaceans, sharks and rays. 

Fisheries in the Indonesian Sea LME are 88% fully exploited and 12% overexploited, while in the 

Northern Australian LME, 78% of fisheries are considered fully exploited and 18% overexploited 

(Sherman 2014). Marine pollution is also a threat to ecosystems in the region, with sources of marine 

pollution in the region including marine debris, marine-based pollution from oil and gas activities, 
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land-based runoff from coastal development (Brodie et al. 2019), and waste from fishing and shipping 

vessels. 

 

Figure 3. Important coastal ecosystems of the ATS region; dark pink=coral reefs, light pink=seagrass, 
green=mangroves. 

 

The ATS region is also characterized by strong land-sea connectivity, with high standing islands in 

Timor and Papua New Guinea and large catchment areas in northern Australia, result in high river 

discharge of freshwater and sediments to coastal waters. Such discharges can have significant 

impacts on coastal and offshore ecosystems. These rivers transport a disproportionately large 

amount of sediment to the ocean because of their generally small drainage basin areas, high 

topographic relief, relatively young and erodible strata (often impacted by human activities such as 

deforestation and agriculture) and seasonally heavy rainfall (Milliman et al.1999, Milliman and 

Farnsworth 2011). Rivers on the islands of Sumatra, Java, Borneo, Sulawesi, Timor and New Guinea 

are estimated to discharge about 4.2x109 t/year of sediment. This strong coupling of land-sea 

processes underscores the critical need to address integrated catchment management in managing 

the ATS region (Alongi et al. 2011). 

Timor-Leste has been classified as extremely vulnerable to climate change impacts such as increased 

climate variability and increased frequency of climate-related natural hazards such as flooding and 

droughts (Weaver 2008). A rapid vulnerability assessment of six communities in Timor-Leste used a 

Participatory Assessment of Vulnerability and Adaptation (PACE-SD) Rapid Assessment method 

(Limalevu and McNamara 2012). The study found variability between communities in their 
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vulnerability to climate change but generally the main areas were: Health and Sanitation, Water 

Resources, Agriculture and Food Security, and vulnerability to floods, inundation, cyclones and storm 

surges (USP-EU GCCA 2013). 

A participatory community vulnerability assessment in Timor-Leste in four inland municipalities 

applied the same framework with the components of exposure, sensitivity and adaptive capacity. The 

study identified strong wind, landslide, drought, flood and fire as the most common and concerning 

climate impacts in the 24 communities (sucos) assessed (noting that landslide and fire are secondary 

impacts; UNDP 2018). All 24 sucos were assessed as having high vulnerability and inadequate 

adaptive capacity, with variability between sucos. Cross-cutting issues that influence vulnerability 

across most sucos included: insecure land tenure, limited financial and human resources, poor 

infrastructure, lack of enabling policies, and weak coordination of planning and implementation 

(UNDP 2018). 

Outside the ATS region to the north, climate change vulnerability assessments in North and South 

Sulawesi assessed marine habitats and fisheries (Retnowati, et al. 2019, RARE Indonesia 2020). The 

South Sulawesi assessment found some notable drivers of vulnerability: bleaching potential, 

changing fish catches, economic dependence on fisheries, low hard coral cover, low fish biomass, no 

marine management/ reserves, lack of social trust, unresponsive governance, poor community 

empowerment and low education levels (RARE Indonesia 2020). The North Sulawesi assessment was 

conducted in three villages on Lembeh Island and found that decline of the fisheries resources and 

lack of knowledge and information were the main drivers of vulnerability. While alternative livelihood 

options were the main source of community resilience to climate variability and change (Retnowati, 

et al. 2019). 
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CHAPTER 4. METHODS 

 

4.1 Geographic Scope 

The vulnerability assessment focused on marine and coastal habitats and species in the ATS region 

important to communities, industries and governments of coastal nations in the region. There are 

four government jurisdictions in the ATS project region, and goal of the ATSEA-2 project is to deliver 

activities to those requiring regional support, namely Indonesia, Timor-Leste and PNG. While the ATS 

region is characterised by high ecological connectivity (i.e., shared fish stocks and biodiversity, land-

sea interactions, migratory species), the vulnerability assessment focused primarily on sub-regions 

where governance and decision-making are likely to be supported by ATSEA-2 ɀ Indonesia/Arafura, 

Timor-Leste and western PNG. However, recognising the connectivity of habitats and species, 

assessments were also conducted for the northwest Australia and the Gulf of Carpentaria sub-regions 

(Figure 1). Noting that recommendations relating to resources managed by the Australian 

government and supporting activities are not likely to be progressed by the ATSEA-2 project. 

Timor-Leste Sub-region 

The Timor-Leste sub-region includes waters of Timor-Leste to the south and east and the shallow 

continental Timor Sea (50ɀ120 m depth). The shelf on the southern coast is wide and relatively 

shallow, with gentler slopes than the northern coast. The southern coastal plains are wide, and as a 

result, support many deltas, floodplains, lagoons and mangrove forests. Long stretches of sandy 

beach with strong waves and surf are common on the southern coast, and as a result, the nearshore 

waters there are turbid most of the time. Located in the western part of the ATS, this offshore sub-

region is characterised by deeper waters, containing slope, rise and abyssal habitats, and several 

geomorphic features, including the submarine valleys of the Timor Trough. The trough is an 850 km 

long valley (2ɀ15 km wide, maximum depth 3,200 m) that extends between the island of Timor and 

the Sahul Shelf (Alongi 2011). 

Indonesia/Arafura Sea sub-region 

The Indonesian sub-region includes the shallow semi-enclosed Arafura Sea (~30ɀ90 m depth). 

Located in the northern part of the ATS, this sub-region is characterised by archipelagic islands and 

deeper waters, containing slope, rise and abyssal habitats, and major geomorphic features, including 

the submarine valleys of the Arafura Depression and the submarine terraces (120-250 m deep) (Alongi 

2011). 

Western PNG Sub-region 

Located in the most eastern side of the ATS region, the western PNG sub-region is a small coastal 

strip between the northern Torres Strait islands and the PNG mainland. The continuous continental 

shelf between Australia and PNG means that waters are very shallow with muddy substrate. Despite 

high local currents, there is very little net exchange of water between the Pacific and Indian Oceans 

through the shallow Torres Strait (<15 m at its shallowest). This sub-region is exposed to land-derived 

flood plumes from the Fly River to the east, and as a consequence, experiences high sediment loads 

and turbidity. 
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Northwest Australian Sub-region 

The northwest Australian sub-region is dominated nearshore by shallow (<200 m) shelf waters and 

semi-ÅÎÃÌÏÓÅÄ ÇÕÌÆÓ ɉ$ÉÅÍÁÎȭÓ 'ÕÌÆȟ *ÏÓÅÐÈ "ÏÎÁÐÁÒÔÅ 'ÕÌÆɊȟ ×ÉÔÈ ×ÁÔÅÒ ÄÅÐÔÈÓ ÒÁÒÅÌÙ ÅØÃÅÅÄÉÎÇ ΩΡÍ 

across most of continental margin. The western part of this sub-region is characterised by deeper 

waters, containing slope, rise and abyssal habitats, and major geomorphic features, including the 

submarine terraces (120-250 m deep) and complex algal banks on the Sahul Shelf (Alongi 2011). 

Gulf of Carpentaria sub-region 

The Gulf of Carpentaria (GoC) sub-region is dominated by shallow (<200 m) shelf waters, with water 

depths rarely exceeding 70m across most of continental margin. Within the GoC, there is some 

exchange of water and nutrients with the Arafura and Coral Seas but flushing of the basin is 

considered to be slow and limited (Alongi 2011). 

 

4.2 Habitats and Species of Interest 

The habitats selected for assessment in this project were on the basis of their ecological, social and 

economic importance, including their role as critical habitats for species and the goods and services 

they provide. The process was participatory with local experts and stakeholders and identified five 

marine habitats for assessment ɀ coral reefs (shallow areas <40 m), seagrass meadows, mangroves, 

deep reefs (>40 m) and pelagic open ocean. 

The species chosen for inclusion in the vulnerability assessment were on the basis of their fishery 

importance and/or the level of conservation concern in each sub-region. Selection of species to 

assess for the Timor-Leste and Indonesia/Arafura sub-regions were based initially on a comprehensive 

list compiled from the published literature and refined based on local knowledge and stakeholder 

consultations. For western PNG, species were selected based on recent published literature and 

expert knowledge by the assessment specialists. For the two Australian sub-regions, the species 

selected were predominantly those previously assessed in a complementary project which also 

conducted a vulnerability assessment of species of conservation interest and fisheries to climate 

change, and which went through a rigorous stakeholder consultation and expert-based process to 

determine the key species (see Welch et al. 2014a). To ensure these assessment lists remained 

relevant for the current assessment, consultations were made with fishery management staff at the 

Northern Territory Department of Primary Industries and Resources.  

 

4.3 Assessment Data 

The vulnerability assessment approach draws on and collates existing empirical data, including 

climatologies, climate projections, species and habitat thresholds and response, status and trends, 

demographics, available modelling and expert knowledge. Three sources of data were used for the 

assessment: (1) existing published data, (2) expert judgment, and (3) critical data collection to filling 

knowledge gaps. Structured expert elicitation provided a semi-quantitative way to estimate 

exposure, sensitivity and adaptive capacity (Martin et al. 2012), particularly when limited empirical 

data exists. Expert judgement was used for a number of assessment indicators where there were 
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limited data. The level of confidence in the analysis is determined by the quality and quantity of data 

inputs.  

In some cases, it may be necessary to collect or re-analyse specific data that are essential for 

completing an assessment. For example, some of the downscaled climate change projections were 

new model runs for the emissions scenario and timeframe of interest for the project (i.e., SSP5-8.5 for 

2070). 

Habitat Data and Species Profiles 

We conducted a literature review to summarise information on documented habitat types and extent 

in the ATS region, and known sensitivities of these habitats to climate drivers, including results from 

related and regional projects (Fajariyanto et al. 2019, UNDP 2018, Welch et al. 2014a). The habitats 

selected for assessment in this project ɀ coral reefs, seagrass meadows, mangroves, deep reefs (>40 

m) and pelagic open ocean ɀ have been assessed in adjacent regions using the same structured 

vulnerability assessment framework (Bell et al. 2011, Welch et al. 2014b, Johnson and Welch 2016). 

Therefore, this project reviewed the published literature and the results from compatible habitat 

vulnerability assessments to collect the necessary input data for the tailored habitat vulnerability 

assessment for the ATS region.  

The species to assess were selected based on their economic, social and ecological importance, and 

ensuring a good representation of different life history characteristics. For example, red snapper is an 

important fishery for the Timor and Arafura Seas areas and up to 20 different species are caught by 

the fishery. The selection of species to assess was based on those that represent the greatest volume 

or numbers in the catch, as well as species that have different life histories. That allows for 

assessment results that can inform current management of important species from a fisheries or 

conservation perspective, as well as results that are indicative of a range of similar species, which 

may emerge as important in the future. Allowing the transferability of climate change vulnerability 

results across a wider range of species.    

Reviews for each of the species selected focused on input data required for the vulnerability 

assessment analysis, particularly sensitivity to climate drivers and adaptive capacity. The reviews 

synthesised existing literature and unpublished work to develop a species profile that was comprised 

of three sections: (i) fishery characteristics (if applicable), (ii) species life cycle characteristics, and (iii) 

known or inferred sensitivity of the species to environmental drivers. Information about the fishery 

characteristics were only compiled for exploited species and not species of conservation interest 

(e.g., dugong), and included aspects such as status of stocks, current operational characteristics, 

historic harvest levels, and the nature of existing management. Information about the species life 

cycle included aspects such as the productivity of the species, critical life history stages, level of 

plasticity in biological characteristics (e.g., spawning times, maturity, growth), habitat use and 

movement capabilities. The profile about the sensitivity of species to environmental changes (e.g., 

sea temperature, pH, sea level, rainfall/river flow, currents and wind) included information on 

whether species are likely to respond to changes in particular environmental variables and the nature 

of that change, critical life history stages most sensitive to changes, and their potential capacity to 

cope with changes. 
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4.4 Climate Change Projections 

The climate change projections were collated through a comprehensive review that included a 

literature search for relevant publications, technical reports and project reports on similar studies in 

LMEs and the ATS region, as well as global and regional climate change projections. The review has 

been conducted collaboratively with regional and national professionals and practitioners in the ATS 

region, and includes the compilation of global climate models (sourced from the IPCC), regional 

downscaled climate models (sourced from the BMKG ɀ Indonesian meteorological service, NOAA/ 

University of Miami, Australian Bureau of Meteorology [BOM] and CSIRO), relevant primary 

publications on climate studies, grey literature, project and policy documents. The information 

collated will support decisions about key indicators and criteria incorporated into the vulnerability 

assessment framework. 

 

4.5 Assessing Climate Change Vulnerability 

The vulnerability assessment applied available data to conduct a desktop analysis of habitats and 

species in the five ATS sub-regions. We applied a structured semi-quantitative approach for the 

vulnerability assessment based on a widely-adopted framework that includes the elements of 

Exposure, Sensitivity and Adaptive Capacity proposed by the IPCC and United Nations Framework 

Convention on Climate Change (UNFCCC) (adapted from Schroter et al. 2004; Figure 4). The 

components of the analysis and general approach is consistent with other vulnerability assessment 

methods applied in the broader region (e.g., Retnowati, et al. 2019, CTI Vulnerability Assessment 

Tools for Coastal Ecosystems, MERF 2013). For example, the South Sulawesi climate change 

vulnerability assessment applied the same basic framework with the components of exposure, 

sensitivity and adaptive capacity but used disaggregated ecological and social components of 

vulnerability by capturing the exposure of the physical changes, the ecological sensitivity to those 

changes, the ecological adaptive capacity, the social sensitivity, and the social capacity separately. 

The results were quantified rankings of vulnerability across the area with higher scores indicating 

higher vulnerability, similar to the outputs that this method will deliver for the ATS region (RARE 

Indonesia 2020). 
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Figure 4. Vulnerability assessment framework adopted by the Intergovernmental Panel for Climate Change 
(adapted from Schroter et al. 2004). 

 

The framework provides a structured approach for determining the potential impacts of climate 

change on habitats and species, their relative level of vulnerability and drivers of vulnerability. The 

assessment focused on the five spatial sub-units in the ATS region (see Figure 1) to deliver locally 

relevant results. The framework also provides transparency to stakeholders by incorporating socio-

economic survey data and adaptive capacity, allowing for potential adaptation responses for relevant 

fisheries stakeholder groups.  

The assessment used known biology, ecology and responses to climate variation to develop a series 

of indicators for: (i) exposure, (ii) sensitivity and (iii) adaptive capacity for each habitat and for 

species. Indicators for exposure are based on climate projections. Criteria were also adapted for 

analysing each indicator taking a risk-based approach using ecologically relevant triggers and 

relationships. Detailed methods are available in Johnson et al. 2016 and Johnson and Welch 2016. The 

full list of indicators and criteria used for the vulnerability assessment for habitats and species are 

provided in Appendix A. Notably, lack of data presented challenges in analysing all fields and 

therefore the results are considered preliminary and can be updated if further data become available. 

For coral reefs, the suite of indicators used are consistent with many reef resilience assessments 

(e.g., Maynard et al. 2016) however some key data were unavailable (coral cover, replenishment 

potential, connectivity, macroalgae cover, recruitment, herbivore biomass), and their inclusion would 

improve the accuracy of the assessment.  

A vulnerability metric was used to quantify results so that components were systematically ranked 

based on their relative vulnerability to climate change. Scores are assigned for each indicator using a 

3-point scale based on specific criteria, whereby low scores represent low vulnerability. The analysis 

followed the method outlined in Johnson et al. (2016) to calculate a vulnerability index using the 
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metric: V = (PI x AC index) + 13. The components are then ranked from highest to lowest relative 

vulnerability.   

 

4.6 Prioritising Species for Future Action 

The vulnerability assessment provides an objective basis for identifying species of highest concern 

and therefore priority species and fisheries for future action and/or further investigation, particularly 

for climate change adaptation. Relative vulnerability however should not be the only consideration 

ÆÏÒ ÐÒÉÏÒÉÔÉÓÁÔÉÏÎ ÏÆ ÓÐÅÃÉÅÓȢ 4ÈÅ ÒÅÌÁÔÉÖÅ ÌÏÃÁÌ ȬÉÍÐÏÒÔÁÎÃÅȭ ÏÆ ÉÎÄÉÖÉÄÕÁÌ ÓÐÅÃÉÅÓ ÓÈÏÕÌÄ ÁÌÓÏ ÂÅ ÔÁËÅÎ 

into account to ensure local resources are focused and efficiently utilised.  

4Ï ÄÅÔÅÒÍÉÎÅ ÔÈÅ ÒÅÌÁÔÉÖÅ ÌÏÃÁÌ ȬÉÍÐÏÒÔÁÎÃÅȭ ÏÆ ÅÁÃÈ ÓÐÅÃÉÅÓ ×Å ÐÒÉÏÒÉÔÉÓÅÄ ÓÐÅÃÉÅÓ ÌÉÓÔÓ ÆÏÒ ÅÁÃÈ 

region using a separate semi-quantitative framework that incorporated: (1) Cultural importance, (2) 

Subsistence importance, (3) Economic importance, and (4) Conservation importance, depending on 

the sub-region (Table 1). Scores were decided based on the average from expert elicitation for Timor-

Leste and Indonesia/Arafura, and from expert elicitation, published information and previous 

research (Welch and Johnson, 2013; Welch et al., 2014b) for the Australian sub-regions. Scoring for 

ȬÃÏÎÓÅÒÖÁÔÉÏÎ ÉÍÐÏÒÔÁÎÃÅȭ ×ÁÓ ÂÁÓÅÄ ÏÎ )5#. 2ÅÄ List classifications (www.iucnredlist.org). Local 

importance was determined for the Australian sub-regions using criterion 1, 3 and 4, while all four 

criteria were used in other sub-regions. Scores were assigned for each species and summed across 

each category. For example, the local importance score for a particular species in the Gulf of 

Carpentaria was determined by: 

Local importance (species X) = cultural importance score + economic importance score + 

conservation importance score 

Table 1. Criteria used for scoring local importance ranking for each species in each sub-region. Scoring for 
ȬÃÏÎÓÅÒÖÁÔÉÏÎ ÃÏÎÃÅÒÎȭ ÉÓ ÂÁÓÅÄ ÏÎ )5#. 2ÅÄ List classifications (www.iucnredlist.org). 

Criterion Guiding definition 
Scoring 

0 1 2 3 

1. Cultural 
importance 

Species has 
significance for 
cultural practices 

Not 
important  

Low 
importance 

Some 
significance 

Highly 
significant 

2. Subsistence 
importance 

Species is an 
important target 
species for home 
consumption 

Not 
consumed 
at home 

Low volumes 
caught mainly 
for home 
consumption 

Some 
importance 
for 
subsistence 
but not high 

Highly 
important as 
a species for 
subsistence 

3. Economic 
importance 

Species has 
economical value 
and is primarily 
sold 

No value 
Low value 
species 

Moderate 
value species 

High value 
species 

4. Conservation 
importance 

Species is of 
conservation 
concern 

No concern 
or not 
assessed 

Data deficient 
or Least 
Concern 

Vulnerable or 
Near 
Threatened 

Endangered 
or Critically 
Endangered 

 

                                                
3 Where V=vulnerability, PI=potential impacts (exposure x sensitivity), AC Index=adaptive capacity inverse 

http://www.iucnredlist.org/
http://www.iucnredlist.org/
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To assist managers, scientists and other fishery end-users in prioritising species for future action, we 

ÉÎÃÏÒÐÏÒÁÔÅÄ ÔÈÅ ÌÏÃÁÌ ÉÍÐÏÒÔÁÎÃÅ ȬÓÃÏÒÅÓȭ ÏÆ ÅÁÃÈ ÓÐÅÃÉÅÓ ×ÉÔÈ ÒÅÌÁÔÉÖÅ ÖÕÌÎÅÒÁÂÉÌÉÔÙȢ 4ÈÁÔ ÉÓȟ ÓÐÅÃÉÅÓ 

with higher vulnerability scores and higher fishery importance scores get higher priority for 

management. Since the axes used for each measure have different scales, a standard mathematical 

approach is used called Euclidean distances to determine which species are closest to the upper right 

corner of the plot. Those closest to this corner are presented as the 20th percentile group, being the 

top 20% of species, and therefore the highest priority for management action. The 40th percentile 

group (the top 20-40% of species) are the next highest priority group of species, and so on. 

  



 

 
16  |    ASSESSING THE VULNERABILITY OF THE ARAFURA AND TIMOR SEAS MARINE REGION TO CLIMATE CHANGE                ATSEA-2 
 

CHAPTER 5. CLIMATE CHANGE PROJECTIONS 

 

5.1 Climate Data 

The data collated for ocean and surface climate for variables that marine habitats and tropical 

fisheries are most likely to be sensitive to is based on known responses and thresholds of habitats 

and selected species (see Bell et al. 2011, Pecl et al. 2014, Welch et al. 2014a, Welch and Johnson 2013, 

Booth et al. 2017). The climate information was drawn from a range of sources, particularly newly 

generated climate modelling for the ATS region for sea surface temperature and ocean pH (NOAA & 

University of Miami, van Hooidonk), the Indonesian BMKG (Meteorological Services) for rainfall and 

air temperature, the Australian Climate Change Science Program for sea-level rise and tropical storms 

(BoM and CSIRO), and global projections where no downscaled data were available (e.g., ENSO, 

ocean circulation). The summary of climate data accessed, and the data sources used for the 

vulnerability assessment is in Table 2.  

 

Table 2. Variables selected for climate change projections and data sources. 

Variable Data source 

Sea surface temperature NOAA; van Hooidonk et al. 

Ocean chemistry (pH) NOAA; van Hooidonk et al. 

Rainfall  Indonesian BMKG; Australian CSIRO & BOM 

Air temperature Indonesian BMKG; Australian CSIRO & BOM 

Storms and cyclones Knutson et al. 2010, Lough et al. 2011 

Sea level & tides Dewi et al. 2018; Australian CSIRO & BOM  

El Niño Southern Oscillation (ENSO) & 
upwelling 

Dewi et al. 2018; BOM and CSIRO 2014, Dwi et al. 
2001 

Ocean circulation BOM and CSIRO 2014  

Ocean salinity BoM and CSIRO 2014 

Solar radiation Suppiah et al. 2011 

Wind and waves Lemos et al. 2019; Dewa 2016 

 

5.2 Projected Climate Change 

The climate projections for this project are based on the outputs of global climate models. A climate 

model is a numerical description that represents our understanding of the physics, and in some cases 

chemistry and biology, of the ocean, atmosphere, land surface and ice regions. All models are 

ȬÃÏÕÐÌÅÄȭ ÍÏÄÅÌÓȟ ÍÅÁÎÉÎÇ ÔÈÁÔ ÏÃÅÁÎȟ ÁÔÍÏÓÐÈÅÒÅȟ ÌÁÎÄ ÁÎÄ ÉÃÅ ÍÏÄÅÌÓ ÁÒÅ ÃÏÕÐÌÅÄ ÔÏÇÅÔÈÅÒȟ ×ÉÔÈ 

information continuously being exchanged between these components to produce an estimate of 

global climate. These climate models are run for hundreds of simulation-years subject to constant, 
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pre-industrial (1870) forcing, i.e., constant solar energy and appropriate greenhouse gas levels to 

develop a baseline. The 20th century simulations incorporate increasing greenhouse gases in the 

atmosphere in line with historic emissions and using observed natural forcing (e.g., changes in solar 

radiation, volcanic eruptions). At the end of the 20th century, projection simulations are carried out 

ÂÁÓÅÄ ÏÎ ÐÒÅÄÅÆÉÎÅÄ ȬÐÌÁÕÓÉÂÌÅȭ ÆÕÔÕÒÅ emission trajectories. 

The models then consider a range of possible futures, known as emissions scenarios, that are based 

on different possible futures of what society will do to curtail greenhouse gas emissions (IPCC 2014) 

to run simulations of future climate. While many climate models run projections for a range of future 

emissions scenarios, the current global trajectory most closely matches RCP8.5 (or the new SSP5-8.5). 

Therefore, this review focuses mainly on a moderate warming scenario RCP4.5 and the high-

emissions scenario RCP8.5. This high-ÅÍÉÓÓÉÏÎÓ ÓÃÅÎÁÒÉÏ ÉÓ ÏÆÔÅÎ ÒÅÆÅÒÒÅÄ ÔÏ ÁÓ ȰÂÕÓÉÎÅÓÓ ÁÓ ÕÓÕÁÌȱȟ 

suggesting that is the likely outcome if society does not make concerted efforts to cut greenhouse 

gas emissions and continues on the current trajectory. 

Climate change projections in Indonesia use the Regional Climate Model (RCM), which is derived from 

the Global Climate Model (GCM). GCM depicts climate with a three-dimensional grid on a globe, 

specifically with a large spatial resolution of between 250ɀ600 km. GCM resolution is crude relative to 

the exposure unit scale required for most vulnerability assessments. The GCM model has become the 

most common approach to climate change projections, however, in many applications, especially for 

sub-national or local scales, the information provided by GCM is insufficient, so downscaling 

techniques are needed to provide more regional information. 

 

5.3 Air Temperatures & Rainfall 

The Indonesian BMKG processes output data from RCM as part of the international consortium 

CORDEX-SEA, increasing the spatial resolution of projections to 20 km x 20 km. The simulation is 

carried out using a statistical approach to project the future climate in Indonesia against a baseline 

climate for the 1981ɀ2010 period, and a climate scenario 2011ɀ2100. Data obtained from the output of 

CORDEX-SEA modelling activities consist of an ensemble of the results of the downscaling process of 

six types of global climate models (GCM) in two future representative concentration pathway (RCP) 

scenarios. The data are presented as the normal mean/composite mean of the two periods being 

compared for rainfall and air temperature. The period being compared is a historical baseline 

simulation (1976-2005) with a future projection period (2041-2070) under a high greenhouse gas 

emission scenario RCP8.5 (business-as-usual) for rainfall (Figures 5 and 6) and air temperature (Figure 

7). 
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Figure 5. Projection of percentage (%) change in annual average rainfall for 2041-2070 period relative to 1976-2005 
baseline data under emissions scenario RCP8.5 (Source: BMKG) 

 

 

Figure 6. Projection of percentage (%) change in seasonal average rainfall for 2041-2070 period relative to 1976-2005 
baseline data for monsoon season (DJF) under emissions scenario RCP8.5 (Source: BMKG) 
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The projected changes in rainfall for Indonesia and Timor-Leste show an increase in annual average 

rainfall by 2070 on most archipelagic islands and West Papua in the north-eastern ATS region of up to 

1180 mm or +20 to +30% and a slight decrease around southern Timor-Leste (Figure 5). This pattern is 

accentuated during the monsoon season (December to February) with an increase in rainfall also 

projected for the Gulf of Carpentaria (Figure 6). The annual and seasonal rainfall projections show a 

neutral trend for open ocean areas with rainfall changes mainly near coasts and over land areas. The 

implications of these rainfall changes in terms of terrestrial runoff into marine ecosystems will be 

most pronounced around West Papua, that has the larger land mass and more rivers, with potentially 

more land runoff, while Timor-Leste coastal habitats may experience less terrestrial runoff, 

particularly to the south. 

The projected changes in annual average air temperature for Indonesia and Timor-Leste show an 

increase of up to 3.6ɀ3.8 °C by 2070 for most archipelagic islands in the ATS region, and a greater 

increase of more than 4 °C by 2070 for West Papua (Figure 7). There are also changes projected for 

annual average maximum and minimum air temperatures, with the most change projected for annual 

average minimum temperatures for most archipelagic islands in the ATS region, and a greater 

increase for West Papua. 

 

Figure 7. Projection of change (°C) in annual average temperature for 2041-2070 period relative to 1976-2005 
baseline data under emissions scenario RCP8.5 (Source: BMKG) 

 

Projections of changes in rainfall and air temperature for northern Australia will also influence the 

conditions in the ATS region, through land-based runoff of freshwater and associated sediment and 






















































































































































































