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Mining 11 gé ju mine funra r¢ 10 — hidden forest loss
yi extraction ki

Nature study kan lori mine clusters 16,627 ni sub-Saharan Africa ri direct deforestation té té 187,000
hectares ldti 2001 si 2020, siugbon offsite loss ni story t6 tobi. Léyin odiin méwad, deforestation within
1 km jé 8 points higher lori 0-to-100 scale relative si unmined areas. Ni separate five-year calculation,
hectare direct loss kan associated pélii 33.9 additional hectares offsite forest loss ni average. Eyi ko so pé
energy transition buru; 6 so pé mineral supply chains ni geography ati forest costs té koja pit.
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Footprint ki 1 se 1tho t6 wa ninu igbo nikan
Mine kan ni shape t6 han gbangba. Pit kan, tailings pond, spoil heap, road ti a gé sinti igb6. Wonyi ni marks ti

satellite I¢ ri, ti regulator si l¢ fa aala yi ka.

Stigbén extraction tén A yi il¢ t6 yi i kd pada. Awon éniyan fi dé. Roads 1i jé ki igb6 roriin lati wolé si. Settlements
i dagba. Agriculture 1 f¢ sii. Mine ki i se scar kan 16ri map nikan; 6 I& di tuntun center of agbdra walg.

Nature iwé iwddii kan fi numbers si 1yat0 yii kojd sub-Saharan Africa. Awon olukowé isird afojiistin taara mining-
driven deforestation nind dense igb6 1ati 2001 si 2020, l1€yin nda wén béere iye additional igh6 loss té han yi mines
k4 ni ifiwéra peld similar places ti a ko tii mine. Conclusion won roriin, sugbdn uncomfortable: taara mine footprint

jé visible part nikan.
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Natural-color Landsat image kan fi large-scale ati artisanal gold-mining scars han ninu Ashanti gold belt ni
Ghana. iwadii yii bééere bi mining-related igho loss se jin t6 koja mine footprint funra re.

NASA Earth Observatory / Lauren Dauphin Public domain

Eyi jé esi t6 wald fin climate ati biodiversity politics, nitori 6 pa thoughts méji m¢ nint frame kan. Modern
infrastructure ati agbdra transition nildo minerals. Sigbdén minerals ko wa 14ti ibikibi. Clean ibéere ki 1 se bdya

mining “d4ra” tabi “buru” nini slogan. O jé boy4 a 1i won full ighé cost peli honesty.

Ohun ti awon olukowé se

iwddii nda darapo continent-scale igb6 ati land-use data peld causal-inference apere. Awon olukowé map mine
clusters 16,627 ninu forested areas ti sub-Saharan Africa 1daarin 2001 ati 2020. Wén ya igb6 loss si orisi méji.

Ak¢ké ni taara mining-driven deforestation: clearing nind mine footprint funra r&, peld pits, tailings ponds,

spoil heaps, shafts ati abudd miiran ti mining operations taara related si.

Ekeji ni offsite deforestation: igh6 loss yi mine k4 ti ki 1 se pit funra r&, sigbdn ti mine establishment I& trigger

nipas¢ ancillary activity — agriculture, settlements, roads ati access miiran.

Lati isiro afojusun apa keji, onkowé lo difference-in-differences agbékale. Ni oro t6 rorun, won fi igh6 loss yi

mines kd sddja ati I¢yin mining start wé igbd loss yi places t6 jora ka ti a ko tii mine. Léyin nda wén wo concentric

distances lati mine center: nind 1 km, 1-5 km, 5-10 km ati 10-20 km.

Design yii se pataki nitori iwé iwddii ko kan 1i ka igb6 loss near mines. O 11 gbiyanj lati isird afojastin additional
loss attributable si mine establishment, ni ifiwéra peld counterfactual trend nind unmined areas.

Ohun ti won ri

Direct mining loss tobi. Koja dense igh6 ni sub-Saharan Africa, onkowé isiro afojusun 187,070 hectares ti taara

mining-induced deforestation 1dadrin 2001 ati 2020. Democratic Republic of the Congo, Ghana ati Cote d’Ivoire

papo jé 45% ti taara loss yen.

Loss t6 yi footprint ka tébi ju footprint funra r¢. Léyin mine establishment, cumulative deforestation nind 1
km jé 8 koko higher 16ri 0-to-100 scale Iéyin odtin méwad ni ifiwéra peli unmined areas. Eyi jé absolute gap
nind deforestation rate, ki i se 8% relative mu po si i. Effect din peld ijinna, sugbdn ko pari: I€yin odiin méwaa
iwadii isiro afojistun additional gaps 3.6 k6ké ni 1-5 km, 1.9 kéké ni 5-10 km, ati 1.1 koké ni 10-20 km.

Numbers wonyi time-specific ni. Ten-year ipa ni, ki 1 se immediate losses.

Offsite/taara ratio naa striking. Nint separate calculation, onkowé isiro afojisun pé fin hectare kookan ti taara
mine footprint clear, additional 33.9 hectares ti dense igh6 sonu offsite ninti five years. Op‘Q julo additional offsite
loss nda linked si agricultural expansion ti mine establishment trigger, settlement expansion tin se pataki, roads si

jé smaller share ninti breakdown won.
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Number yii tin time-specific: five-year offsite/taara ratio ni. Ko ye ki da a po m¢ ten-year 0-to-100-scale ipa.

Effect ko jé ohun kan naa ni ghogbo ibi. iwadii royin severe concern fiin Democratic Republic of the Congo
nitori 6 darapo large taara mining footprint p¢ld large additional offsite loss. Countries miiran ni high relative
offsite impacts, sugbdn taara footprints kéré. Ni commodity ipele, mines extracting cobalt ati copper — minerals
t6 se pataki fun batteries, electrical infrastructure ati agbdra transition — fa highest total additional deforestation

nind isiro afojisun iwadii.

Ki nidi ti offsite part fi se pataki?

Environmental assessment sdba bere peld taara project aala. O ni sense. Pit han, permit ni perimeter, company le
salayé infrastructure t6 f¢ ko.

Stugbon igbo ko fesi si legal boundaries nikan. Won fesi si access ati incentives. Mine kan 1¢ mu roads, workers,
money, settlements ati demand fiin food. Eyi 1¢ yi nearby igb6 si land ti 6 roriin, profitable tabi necessary sii lati
clear.

Idi niyen ti strongest idea iwé iwadii ki 1 se number kan. O j¢ iyato ldadrin taara ati triggered loss.

Ti supply chain ba ka mine footprint nikan, ¢ 1¢ undercount land-use change ti extraction fa. Ti environmental
impact assessment ba dird ni lease aala, 6 1e miss igb6 loss ti project se likely sii. Ti product bd jé marketed bi
clean nitori 6 se atiléyin fin renewable agbdra, eyi ko automatic make ohun ¢lo chain clean.

Ohun ti eyi ko fi eri mule

- Ko fi han pé agbdra transition buru. O fi han pé minerals ti modern infrastructure, peli energy-transition
minerals, 11 10 I& ni large land-use costs.

- Ko ttimo si pé mine kookan fa exactly 33.9 hectares offsite loss fun taara hectare kan. Average isir0 afojistn
ni koja mine clusters ptipo, ki i se prediction fiin project kan.

- Ko fi ¢ri mule pé gbogbo tree ti sonu near mine ni a gé nitori mine nda. iwddii lo quasi-experimental apere l4ti
isiro afojisun additional loss ni population scale.

- Ko assign responsibility si individual companies, permits tabi buyers. Eyi nild project-level tracing kojd article
yii.

+ Ko cover gbogbo mining impacts. Water pollution, labor conditions, biodiversity fragmentation, rights conflicts
ati social displacement wa outside pataki forest-loss measurement.

- Ko cover gbogbo world. itipal¢ focus 16ri dense igb6 nind sub-Saharan Africa.
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Bawo ni eri se lagbara t6?

Fun direct-deforestation 1sir0 afojasun, ¢ri 1dgbara ni continental scale. iwadii lo published land-use ati forest-cover
datasets 14ti identify igbo loss taara associated peld mining abuda.

Fuan additional offsite loss, eri tin substantial, suigbén model-based. Difference-in-differences jé apere fin causal
ipa 14ti observational data, padpad nibi ti randomized iddnwo impossible. 0nkowé lo recent heterogeneity-robust
0na, won si idinwo robustness pelu alternative estimators. Good practice ni.

Sibe, esi ye ka ka ni scale t6 t6. iwé iwadii jé lagbara eri pé mine establishment associated peld additional

deforestation beyond footprint kojd iwddii eto. Ki 1 se satellite confession 1ti tree kookan.

Public reading t6 wilo ju nitori nda ki i se panic tabi dismissal. O jé measurement discipline: ti mining b4 si

landscape, impact assessment ye ki 6 wo koja fence.

Ki nidi ti 6 fi se pataki?

Phrase “clean agbara” I¢ pa ohun ¢lo world mé. Solar panels, batteries, transmission lines, electric vehicles ati dita
centers gbogbo won nild mined ohun ¢l0. Di¢ ninu ohun ¢l6 wonyi wa 14ti places t6 ni globally important igbh6 ati
biodiversity.

Eyi ko jé ki decarbonization di mistake. Alternative — continuing fossil-fuel dependence — ni enormous land, air,

water ati climate costs tir¢. Sugbdn 6 tdmo si pé transition I& cleaner ju fossil eto lo, sib¢ ko di clean automatically.

Iye iwé iwadii yii ni pé 6 md hidden geography nira 14ti foji ko. O so: m4 ka pit nikan. Ka igb6 changes yi pit k4.
Ka roads, farms ati settlements ti extraction 1 fa. Fi offsite deforestation sinti environmental impact assessments,
no-net-loss claims ati zero-deforestation supply chains.

Eyi jé itan t6 mature ju “green minerals ddra” tabi “green minerals buru.” O jé: ohun €l basis ti transition ni

consequences, won si gbodo han sddja supply chain té pe ara re ni clean.

Akétan kedere

Nature iwédii kan analyze mine clusters 16,627 nind dense ig6 koja sub-Saharan Africa lati 2001 si 2020. O
isird afojisun 187,070 hectares taara mining-driven deforestation lati abudd bi pits, tailings ponds ati spoil
heaps. P¢elu difference-in-differences agbékale, onkowé tin isird afojisun additional deforestation yi mines kd
relative si unmined areas: Iéyin odiin méwad, cumulative deforestation jé 8 koko higher 16ri 0-to-100 scale nind
1 km, ipa si st han titi 20 km. Nind separate five-year calculation, hectare kookan taara mining deforestation
associated peld average 33.9 hectares additional offsite dense-forest loss, mostly nipas¢ agricultural expansion ati
settlements. Mines extracting cobalt ati copper contribute highest total additional deforestation. &si nda ko so pé
agbdra transition buru. O so pé mineral supply chains ni land-use costs ti 6 kojd mine footprint.
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Ayewo laisi aseju

Ohun ti iwé iwadii fi han: Mining nind dense igb6 koja sub-Saharan Africa fa substantial taara igb6 loss 2001-
2020; mine establishment t¢lé pelu additional deforestation yi mines kd relative si unmined areas; offsite loss 1e
ju taara footprint lo gan-an; di¢ energy-transition minerals associated p¢ld high total additional deforestation nind

dataset yii.

Ohun t6 seé gba sugbon unproven: Pé individual mines ptp0 ni offsite impacts té tobi ju permit footprints; pé
stricter impact assessments ati supply-chain ofin l¢ din di¢ loss ku; pé similar hidden ipa I¢ se pataki ni tropical

mining regions miiran.

Ohun ti ko fi han: Pé gbogbo mining damaging bakanna; pé gbogbo nearby igbd loss caused by specific mine; pé
agbdra transition buru; pé individual companies tabi buyers responsible fin losses paté ldisi project-level tracing;

tabi pé igb6 loss ni nikan environmental/social cost.

Main limitations: Observational causal inference, ki i se randomized &ri; continent-scale isiro afojisun, ki 1 se
project-level attribution; focus 16ri dense igb6 nind sub-Saharan Africa; taara/offsite ipa depend 16ri data quality,

mine detection ati awose assumptions.

Igbékelé wo ni oliika gbogboogbo ye ki 6 ni? Giga pé taara mining deforestation substantial nind iwadii region.
Ddadda pé mine establishment linked si additional offsite deforestation ni population scale. Kéré fin applying
average 33.9:1 ratio si mine kan. Stance t6 ye: mineral supply chains I¢ necessary, wén si si nilo honest accounting

beyond pit.

Awon orisun

Nature (2026)
https: //doi. org/lO .1038/s41586-026-10551-2

White Rose Research Online — published version
https://eprints.whiterose.ac.uk/id/eprint/241799/

Processed outputs and analysis code — GitHub
https://github.com/0Morton/AFR_MiningForestLoss

Post-deforestation land-use dataset — Zenodo
https://doi.org/10.5281/zenodo.11065705
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