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Executive Summary

The following document presents a study of tevironmentd impactgenerated by the construction

and development of th&€ruzeiro do StRio Branceorridorlocated in the department oAcre andhe

Rio BrancePorto Velhocorridor in the department ofRondodnia both part of the BR864 Highway in

Brazil The roadis located between the coordinatesx no Qpo ®npé{ YR THXO0TQoy
G2 yxncQump®tTné{ YR coxpHQnum®dncéAy t2NI2 +SfK2d

The highwayength is approximately,183 kilometers and it connects the towns o€ruzeiro do Sul,
Rio Branc@andPorto Velha About 195 protected areas and indigenous reserves are located witain
area of influenceof the studied corridors, includingkulina do Medio Jurua, Rio Gregorio and Vale do
Javari, Cazumbliacema, Riozinho da Liberdade, Chico Mendes and Rio &@ésextractive
reservesand the National Park Serra dovi3or.

The monitoring system Teriavas usedo quantify the impact of the roadn the ecosystera present

in the area.Terrai is a neaireal time monitoring system that mines satellite based rainfall and
vegetation data tadetect deviations from the usual pattern of vegetation changhich it interpretsas
possibleanthropogenidmpactson natural ecosystems.

In Brazil, Terrai performed habitat status monitoringevery 16days from thel® of January2004 until
the 10" of June2011.During the 7.5years studiedijt detected acumulativehabitat lossof 40,850
hectares in the Acre department and 1,849,494 in the departmenRohdonia equivalent to a
annuallossrate 0f40,850 hal/year and 246,599 ®&/year respectively.



Area of Study

Tocompletethe BR364 highway between Porto Velho and Rio Branco in thegestof Ronddnia and
Acre, thelDBapproved two loans in 1985 for paving 502 kilometers in the Porto WMeIboBranco
sectionto connectthe state capitals of Rondonia and Acre. Afterwards, another institution funded the
pavement of 1500 kilometers between Cuiaba, Mato Grossual Porto Viho. The BR364 was finally

completed as part of the Acre Sustainable Developiroject which started in 2002DB Brazil
Repor).

For this study, theCruzeiro do Sud Porto Velhoroad was analysed itwo different sectiors. The first
correspond to a orridor of 623km connectingthe towns of Cruzeiro do Sudnd RioBranco in the
state of Acre, Brazil. This section passes through a large biological camrilerstate of Acre whicis
composed 0f39 adjoiningprotected area. Theseprotected areasnclude Katukina Indigenous area,
Riozinho da Liberdade Extractive Reserve, Rio Liberdade State &odeglogno StateForest, the
latter of which is directly crossed by the road.
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Figurel. Cruzeiro do StRio Branco Road, Briz



Acre is located in the northwest of Brazil, south of the Amazon state, and east of Ronddsia. It
borderedin the Southby Bolivia andin the westby Peru. The stte's economy is based divestock
agriculture (mainly soybeanahpd the extraction of rubber and Brazil nuts.

The mainEcoregion in the department of Acre is the Southwest Amazon moist fadestever, the
MadeiraTapajosMoist Forest,JuruaPurusMoist Forestand IquitosVarzeacan also be found in this
area. The stategy implemented in order to protect the exgionspresent in this area is mainly the
establishment of protected forests, indigenous reserves, national parks, national foredtextactive
reserves.

The second segmeif the road consists ad 515 kmcorridor which connects the towsiof Rio Branco
in the state of Acre and Porto Velho in the state of Rondonia. Rondonia is located in thevesitdTn
part of the country Itis bordered bythe state of Acrgwest), the state of Amazona®orth), the stae
of Mato Grossdeas), andBolivia(south).
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Figure2. Rio BrancePorto Velho Road in the states of Acre and Rondonia.



Habitat Change Monitoring

Previous studies

The Brazilian territorjs about8,514,876.6 krhin areaand occupies almost half (47%) of tieerestrial
surfaceof South America. There are about 4,617,915 kihforests in Brazilwhich isequivalent to
54.2% of thetotal area ofcountry. The mostwidespreadforest ecosystem present in Brazil is the
Amazonbiome (MMA, PNUMA, UNESCO 2007)

Since 1978, the National Institute for Space ResealdPEhas producednnual estimates ofverage
deforested areaas part ofthe Prgect of DeforestationEstimation inthe Amazon (PRODES).
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Figure3. Deforestation in theBrazilianlegal Amazon1988 t0o2006 (kn‘?/year).

Based on data released ltye INPEFigure 3), deforestation in Legal Amazonia underveeperiod of
decline,reachingits lowest pointduring the yeard990/1991 ,after which itacceleratedand grew at an
alarming rate to reaclits highest historical value (29,059 Rpduring the period 1994/1995 In the
subsequent years the annual deforestation rate slowed, gradually increased again until 2004, and since
then has fallen sharply. The receaécline can be attributed in large part to the actions taken by the
Brazilian government since 2004ithin the Action Plan for Prevention and Control of Deforestation in

the Legal AmazoMMA, PNUMA, UNESCO 2Q007)

The System of Deforestation DetectionReal Time (DETER)another tool developed by INPE for the
calculaton of deforested areas. This system integrates the Plan of Action against Deforestation in the
Legal Amazon and allows the production of updated mayery two weekshowng the location of
deforestatedareas.



Terra-1 Monitoring in Brazil

Terrai is a neaireal time monitoring system that mines satellite based rainfall and vegetation data to
detect deviations from the usual pattern of vegetation changehich it interpretsas possible
anthropogenicimpactson natural ecosystems. The model useswaltilayer Perceptron (MLP) neural
network combined with Bayesian theofylacKay 1992(Bishop 2002}o identify abnormal behavior in

a time-series of vegetation chang&heimplementationof the system pastropically is a considerable
challenge from a computer science perspectae the resolution of the MODISrs®or (250m) means
that eventhe Amazonian basialonerepresents more than one billion individual values for each time
frame (ewery 16 days)

In Brazil, Terrai performed habitat status monitoringevery 16days from thel® of January2004 until
the 10" of June2011.During the 7.5years studiedijt detected acumulativehabitat lossof 40,850
hectares in the Acre department dnl1,849,494 in the department dRondonia equivalent to a
annuallossrate 0f40,850 hal/year and 246,599 ®&/year respectively.

Habitat changes in Rondonia and
Acre
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Figure4: Habitat changes in hectares in Rondonia and Acre

Accordingto Terrai data from the rest of BraziRondonia is thelepartment3™ most affectedoy habit
changes while Acre ithe 8" most affected (Table 1) The cumulative area converted in both
departmentsaccounts for about 16% of the total area converted in Brazil between 2004)anel
2011.



State

Acre
Alagoas
Amapa

Amazonas

Bahia

Ceara

Distrito
Federal

Espirito Santo
Goias
Maranhao
Mato Grosso
Mato Grosso S
Minas Gerais
Para
Paraiba
Parana
Pernambuco
Piaui
Rio De Janeiro
Rio Grande No
Rio Grande Sul
Rondonia
Roraima
Santa Catarina
Sao Paulo
Sergipe
Tocantins

Total Country

2004

9,456
150
2,106
67,794
64,325
288

238

3,606
27,325
62,606

739,544
25,350
25,669

473,919

6
35,263
344
30,900
544
69

15,331
145,225

6,525
20,500
36,569

19

18,619

2005

61,106
663
5,394
98,413
35,769
4,800

138

1,156
21,269
110,456
687,063
15,363
23,275
651,681
0
87,181
575
30,225
600
113
17,994
234,763
8,644
30,931
32,431
900
17,481

2006

50,063
144
4,231
144,806
24,394
694

144

2,200
9,544
45,075
492,125
11,044
14,413
622,844
0
54,613
194
10,056
1,319
25
11,506
544,075
13,206
40,413
32,956
300
7,150

2007

24,938
175
4,894
68,081
117,056
2,006

481

4,294
40,144
180,369
386,500
15,081
48,888
472,681
0
45,850
413
75,106
4,306
100
12,569
178,963
17,400
17,356
18,831
213
33,013

2008

67,569
550
5,088
119,594
73,931
1,006

38

1,206
13,750
100,869
737,325
9,381
28,419
956,200
38
25,963
294
18,263
513
119
13,306
308,950
17,113
15,500
9,956
594
22,525

2009

23,663
194
4,419
110,156
30,588
63

31

894
2,956
27,581
114,219
10,831
9,856
358,769
19
24,438
31
16,388
906
56
12,263
80,550
23,819
16,744
7,400
369
3,463

1,812,288 2,178,381 2,137,531 1,769,706 2,548,056 880,663

2010

65,900
63
6,956
139,919
39,813
3,088

181

575
21,631
55,700

364,125
28,081
25,138
260,569
19
33,725
38
72,875
975
88
11,613
311,913
11,431
18,363
9,394
25
15,800

June
2011

3,856
69
16,063
146,806
13,156
38

31

13
938
3,056
104,050
3,513
2,719
123,769
0
7,950
0
4,900
150
0
1,581
44,519
13,281
3,744
1,206
119
1,744

1,497,994 497,269
Tablel: Habitat changes in hectares for each Brazildepartment from2004 to 2011

Accum.

306,550
2,006
49,150
895,569
399,031
11,981

1,281

13,944
137,556
585,713

3,624,950
118,644
178,375

3,920,431

81
314,981
1,888
258,713
9,313
569

96,163

1,848,956

111,419
163,550
148,744

2,538

119,794

Rate

40,873
268
6,553
119,409
53,204
1,598

171

1,859
18,341
78,095

483,327
15,819
23,783

522,724

11
41,998
252
34,495
1,242
76

12,822
246,528
14,856
21,807
19,833

338

15,973

13,321,888 1,776,252

The cumulative national loss detected by Tdriduring the period 2004- June2011 in Brazilvas
approximatelyl3,321,888 hectare®quivalent toan annualdeforestationrate of 1,776,252 hectares.
Thegreatestannual lossvasdetected in the state®f Para and Mato Grosso, where losses of 522,724
and 483327 ha / yeamwere recorded respectivelyThe main drivers of change in these two states are
the extension ofgrazing land for livestocland the implementation of larganonocuture farms,
particularly soybean@Araujo 2008)

The growth of livestoclactivity has accelerated the destruction of the Amazminforest as the

complex ecosystesthat it hostsare replaced by pastureland\ccording to theBrazilian Institute of
Geography and Statistics (IBGE), between 1996 and 2006 grazing areas in the Amazon region grew
approximately 10 million hectares (Aradjo 2008)



Deforestation in Brasil (2004 - June 2011)
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Figureb. Deforestation inBrazil per year detected byefra-i.

Overallthe trend shows a slight reductioof habitat lossin Brazilwhen comparedo 2004 However,
the figuresof loss ofhabitat mainly intropical moist forestsin Braziland specifically ithe Brazilian
Amazonare still alarmingand signifythat the current situationin the Amazon requireshe framing
and enforcement oftronggovernmentenvironmental policies



Road Impact

The substantial difference in deforestation rates is immediately apparent when comparing the road
segment from Cruze do Sulto Rio Branco to the segment from Rio Branco to Porto Velho. While the
loss in a buffer areaf 50 km around the Cruzeiro dalS; Rio Branco segment was measured at an
average of aboutl9,542 hectares per yealan equallysized buffer around th RieBranco¢ Porto
Velho segment losin average of about9,783hectares per year

Deforestation 2004 to June 2011
Rio Branco-Porto Velho Road, Brazil
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Figure6. Deforestation 20042011, Rio BranconPorto Velho.

Table2. Deforestation in hectares for different buffers areasoundthe Cruzeiro do SuRio Branco Road.

Buffer(km) 2,004 2,005 2,006 2,007 2,008 2,009 2010 June Accum Annual Rate

2,011
Roadto 10| 2,119 9,544 6,381 3,431 13,506 3,638 10,838 463 49,919 6,656
10to 20 1,075 5531 6,525 3,069 10,288 3,100 6,344 438 36,369 4,849
20to 30 606 4,125 4,319 1,800 6,281 2,763 6,244 294 26,431 3,524
30to 40 706 4,131 3,294 938 4,013 1531 5,488 406 20,506 2,734
40to 50 531 3,231 2,019 600 2,450 825 3,438 244 13,338 1,778
Road to 50 | 5,038 26,563 22,538 9,838 36,538 11,856 32,350 1,844 146,563 19,542




Table3. Deforestation in hectares for different buffes areasaroundthe Rio Branceporto VelhoRoad.

Buffer(km) 2,004 2,005 2,006 2,007 2,008 2,009 2,010 June Accum Annual Rate

2,011
Road to 10| 8,131 19,413 36,994 11,125 16,425 5,450 18,075 2,669 118,281 15,771
10to 20 | 13,025 18,625 39,031 10,644 18,225 5,275 28,656 1,906 135,388 18,052
20to 30 9,156 14,906 31,869 10,425 18,869 7,231 27,575 3,050 123,081 16,411
30to 40 | 12,138 14,725 29,144 14,200 21,200 6,488 24,013 1,919 123,825 16,510
40to 50 | 10,150 14,138 24,094 9,925 16,888 5,831 15,081 1,694 97,800 13,040
Road to 50| 52,600 81,806 161,131 56,319 91,606 30,275 113,400 11,238 598,375 79,783

Another interesting differencebetween the two segments is theontrasting spatial distribution of
deforestation Losses ardistributed relatively equally around the Rio BrancoPorto Velhoroad

(15,771 halyear in a 10 km buffer, compared to 13,040 hal/year in-a04km buffer).On the other
hand,deforestationalong theCruzeiro do S Rio Brano sectionis mostly distributedn areas closest
to the road (6,656 halyear in a 10 km buffegmpared to 1,778 ha/year in a 46D km buffer).

The fact that the deforestation is already equally distributed within e&k&0buffer around the road
segment from Rio Branco to Porto Velhmostly located in Rondonjaseems to indicatehat large
scale imustry is already heavigntrenchedaround this segmentn contrast the conservatiorpolicies
implemented in the segment between Cruzeiro do Sul and Rio Branco sekaveé been much more
effective Thisinterpretation is supportedby Keck (2001)who dted the case of Acres as a political
success storyn which thosewho wantedto conserve the forest creatka coalition to fight against
land use changpoliciesin their local government.
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Figure7: Deforestation around theBR364 Highway segment®r different buffer sizes

Figure 8 showshat the deforestation patterns in the area are mainly of the fishbone and geometric
types. Secondaryroads generally branch offrom the main road and crops areperpendicularly
distributed in arrays around {Detail: kgure9).



These patterns aresomeof the most commoty seenin the Brazilian AmazofiPedlowskia 1997) egal
and illegal roads opeaccesdo remote pars of the forest,allowingindustrial andsmaltscalefarmers
alike to move tothese newly available areas and clear the foresestablishcrops. Eventually fish
bones patterrs tend tocollapseinto almost completely cleared areas.

Figure8: Deforestation maps in the studied area

































