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OBJECTIVES: monitoring the land cover changes
occurred in the polluted area with carbon black and heavy

: . ) 24°00'33"' and 2429'19" East longitude Romania
metals from Copsa Mica, Romania, by means of satellite J
images. The overall objective is to assess the CVA - - P TR
technique applied to the Tasseled Cap Greenness (TCG) and [ Landsat 5 TM 1985 S S " Sibiu County

Tasseled Cap Brightness (TCB) indices resulting from the
TC transformation, as well as to the NDVI and Bl indices,
in order to monitor the land cover changes in the area of
Copsa Mica in the period 1985-2011.
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Study area

Images from Copsa Mica:
a). factory at Copsa Mica and degraded land behind it. The abandoned factory is on the right side adirtelpiand c).
land damaged by pollution. In the foreground, the land is covered with carbon black and in the background wéean se:
seriously damaged pastures and forests

Materials

Methods

Satellite imagesLandsat 5 TM
29 July 1985,
07 August 1994
29 June 2003
22 August 2011
Path 184, row 28

NDVI calculation
NIR-R
NIR + R

Preprocessing

NDVI = Change Vector Analysis

Magnitude of changes

AM TCG-TCB \/(daté . data'I'CG)2 + (datQTCB . daté'I'CB)z

Image georeferencing
Universal Transverse Mercator

Spatial resolution: 30 m zone 35 N, datum WGS 84 (Level 1T) B Soil Ind lculati
18 ground control points ) aré Soil Ingex calculation =) .
Other data: RMSE 0.25 pixels (7.5 m) — (MIR +R) — (NIR+ B) AM \ovi-ai = \/(datézNDw . dathDVl) + (datézm . datdBl )
Tree stands from the Medias (MIR + R) + (NIR + B)
Forest Division Relative radiometric normalization DIEEE € Chiigzs
-1- : ; date2, — datel
Ortophotoplans - 1 : 5000 scale Automatic Scattergram-Controlled Regression _ g _ date2, ., —datel, 90, oy e = Ay ~ dalEy,
Cadastral maps Image 2011 - reference image Tasseled Cap calculation Ireeon date2. __ - datel __ date?,,, —datep,,
Images 1985, 1994, 2003 - subject images TCG and TCB

Change/no-change error matrix for 1985-2011 (TC@JTC

_ _ ) Reference class Classification User’s accuracy
- fthe ch | Possible change direction classes based on theahi@B CG components, o N (%)
Definition of the change classes as well as on the Bl and NDVI indices, and relagub$ of change ange o-change
Classes of 1985-1994 1994-2003 2003-2011 1985-2011 Change o1 17 84.00
change Classes TCG and TCB NDVI and BI No-chanae 30 42 58 33
TCG-TCB | NDVI-BI TCG-TCB | NDVI-BI TCG-TCB | NDVI-BI TCG-TCB | NDVI-BI — — g :
TCB TCG Description Bl NDVI Description Prod ) o 72 20 7118
Low 8.20-15.35 | 0.01-0.11 | 0.73-4.91 | 0.00-0.10 | 2.77-7.76 | 0.02-0.12 | 1.04-7.66 | 0.03-0.15 : roducer’s accuracy (%) : :
Class 1 + + Decrease of vegetation| + + Decrease of wetness 0 I . 73.88 %
Medium 15.35-18.42| 0.11-0.20 | 4.91-9.09 | 0.10-0.20 | 7.76-12.75 | 0.12-0.22 | 7.66-14.28 | 0.15-0.26 , ) . ) verall accuracy. /.06 7o
Class 2 + - Bare soil expansion + - Bare soil expansion Kappa coefficient: 67.87 %
High 18.42-23.48| 0.20-0.30 | 9.09-13.28 | 0.20-0.30 | 12.75-17.76| 0.22-0.32 | 14.28-20.91| 0.26-0.38 )
Class 3 - - Increase of vegetation - - Increase of wethess
Threshold 8.29/23.48 0.01/0.30 0.73/13.28 0.00/0.30 2.77/17.76 0.02/0.32 1.04/20.91 | 0.03/0.38 B : _ : Change/no-change error matrix for 1985-2011 (NDV)-B
(+25) (+1.5s) (+15s) (+1.5s) (+25) (+25) (+25) (+25) Class 4 + Chlorophyll increase + Chlorophyll increase
Reference class Classification User’s accuracy
[0)
Change No-change (%)
"1 | , 19851904 1994-2003 2003-2011 £ Change 81 27 75.00
Y, No-change 26 46 63.88
. e " Producer’s accuracy (% 75.70 63.01
; v i 7 Mea e Overall accuracy: 70.55 %
4 :"’ﬂ"-'”»” 4 e :"’9"-'33-’“ ""‘;,"- : :Hfumﬂ-v? Tl :Hfun: 43.95 ' N Kappa coefficient: 57.96 %
St Low:-8.41 d Low: -4.37 Low: -11.06 S Low: -12.96 A
TCG 1985 TCG 1993 TCG 2003 TCG 2011 LEGEND 2003-2011 1985-2011
o fn'k’;; )’h; m
N \&!.__a;a‘::i‘l.; ; N N N Decrease of vegetation  Bare soil expansion Increase of vegetation Chlorophyll increase ’%'
A st d f 'y 'y — — ) fow T fow
o ' | medium [ medium [N medium ] medium
(| high (| high (| high [ high
T gt ; _ Vi Cross-tabulation of TCG-TCB images.
:': i@r ' tmyn: 7800 ROl ' tmgh: 65.06 tmgh:s?.or S tmah.- 90.20 During the study period, the landscape graduallgoneered its normal appearance
. Low: 0.0 B = Low: 0.00 Low: 0.00 = Low: 0.00 through forest and grass regrowth, chlorophyll iease and vegetation LEGEND
TCB 1993 TCB 2003 TCB 2011 VIgOI’ (g reen and ye”OW CO|OI’S) Decrease of wetness Bare soil expansion Increase of wetness  Chlorophyll increase
1 Jow C iow T Jow C Jlow
N (| medium [ medium () medium [ ] medium
s vl . [ high I high (. high [ high
A Change vector resultants using TCG and TCB between
1985, 1994, 2003, and 2011 - -
o MO Cross-tabulation of NDVI-BI images.

A : 25 SIA N 1985-1994 1994-2003 2003-2011 1985-2011 The bare soil areas (blue color) significantly deased in the period 1985-2011. In
e : 2 ot g i asses . . . . gy - - .
g, s :mgm 0.77 ”--,.-_ High: 0.75 g ke, A High: 0.77 :mgf..- 0.82 of Ar:ea IPergento Perff:ent Ar:ea IPergento Percf:ent Arr]ea ,Pefgen“’ Percf:ent Aﬁea Per;:ent Per<f:en 2011, isolated locations with bare soil could dbé identified, some large ones in the

e Low: -0.13 G :L,,w_.,o_,,, @ :L,,w_.,o_,, I changes| (h@) | landscape Catggory (ha) | landscape Catggory (ha) | landscape Catggory (ha) |an(;)scapp:at(e)gor Northern area, due to soil pollution with heavy aigt
NDVI 1985 NDVI 1993 NDVI 2003 NDVI 2011 Sector 1 (0-90)
" ’ " " Low 1,109 1.72 41.29 | 2,256 3.50 51.90 62 0.10 33.16 906 1.41 57.71 Change vector resultants using NDV| and BI between
A A o A Medium 654 1.02 24.35 | 1,271 1.98 29.24 100 0.15 53.47 534 0.83 34.01 1985, 1994, 2003’ and 2011
High 923 1.44 34.36 820 1.28 18.86 25 0.04 13.37 130 0.20 8.28
. S 9 N 1985-1994 1994-2003 2003-2011 1985-2011
o TS S S » i iR Total 2686)  4.18 100.00 | 4,347 6.76 100.00 | 187 029 100.00 | 1,570f  2.44 | 100.00 i?ses Area | Percent o] Percent| Area | Percentof Percent| Area | Percent ol Percent| Area | Percent| Percen
e o . ; £ o B o 0 S AR Al ) Sector 2 (96-180) changes| (h@) |landscapg  of (ha) |landscapq  of (ha) | landscapq  of (ha) of of
& > By : : : Ee o :‘_-_ ; : category category category landscapfeategor
tH-‘uh-'ﬂwﬂﬂ '“f._ . T ' t"""""‘” .«.:‘.I & i tmﬂh" 0.24 2y ;'._._. : | tmﬂh" 0.32 Low 17 0.03 100.00 | 7,211 11.23 49.70 90 0.14 34.62 460 0.72 70.23 Sector 1 ((9_90))
N [ ow: -0.50 . Low: -0.48 Low: -0.44 ¥ Low: -0.41 Medium 0 0.00 0.00 5,478 8.53 37.75 58 0.09 22.31 154 0.24 23.51 Low 11149 17.35 57.51 | 1,654 257 83.54 5 0.01 41.67 _ _ _
Bl 1985 BI 1993 BI 2003 BI 2011 High 0 000 | 000 1821} 283 | 1255 | 1121 017 | 4307 | 41 | 0.06 | 6.26 Medium | 7,797| 12.14 | 4022 | 188 | 029 | 949 | 1 000 | 833 | - _ _
Total 17 0.03 100.00 | 14,510 22.59 100.00 | 260 0.40 100.00 | 655 1.02 | 100.00 High 440 068 227 138 0.22 6.97 6 001 50.00 — — —
- . . Sector 3 (180-270) Total 19,386) 30.17 | 100.00 [ 1,980| 3.08 | 100.00| 12 0.02 | 100.00( - - -
. Ima_ges Of the IndlceS Used In CVA Low 507 0.79 57.16 |10,377] 16.15 25.02 | 2,892 4.50 12.36 | 4,079| 6.35 13.40
a). The TCG index shows that in the period 19852201portant land cover changes occurred. 1 Sector 2 (96-180)
In 1985, strong areas affected by pollution werecamtrated on the Tarnava corridor, from _ ' ' ’ ' ' ’ ' ' ’ ' ' Low | 5084f 791 | 2205)6302) 980 | 39711 160 | 025 | 295 | 103 016 | 149
East to West; b). The TCB index shows that bateaseas are spread on the slopes of the ron 0| 002 | AT TSI 2901 | RSP | AL OS] 7O7 1004 1050 | ST Medium | 7,826| 1218 | 3395 | 5349 833 | 3371 12029| 316 | 37.442398) 373 | 3462
Tarnava VaIIey, C) The NDVl index ShOWS that betv\ms and 2011 Chlorophyll and Total 887 1.38 100.00 | 41,470 64.54 100.00 | 23,389 36.40 100.00 | 30,438 47.37 | 100.00 High 10,144  15.79 44.00 | 4,219 6.57 2658 | 3,230 5.03 59061 | 4,425| 6.89 63.89
vegetation vigor increased (green color). In 20ddly few locations affected by pollution are Sector 4 (276-360) Total  |23,054 3588 | 100.00[1587d 24.70 | 100.00 [ 5,419] 844 | 100.00 [ 6,926 10.78 | 100.00
highlighted (red color); d) The Bl index pointsameas with bare soil affected by pollution with Low (28,977 4510 | 4777|2188 341 | 5575 |11,673 18.18 | 2888 110,663 16.59 | 33.75 Sector 3 (180-270)
heavy metals. In 2011, the most affected locatemih the Northern part (red color), while the Medium 121,289 33.13 | 35.09 | 1,178| 1.83 | 3001 (26,055 4055 | 64.47 |17,849 27.78 | 56.51 Low 3218] 500 [ 3097 [3.812] 594 [ 9359 [13497 21.00 | 3061 [17,87d 27.81 | 35.89
moderately affected locations are spread acrossthdy area (yellow color) High 110,39 16.18 | 17.14 | 559 | 0.87 | 14.24 | 2,689| 4.18 | 6.65 |3077| 4.78 | 9.74 Medium | 3978| 6.19 | 3829 | 254 | 039 | 6.24 [29,05§ 4522 | 65.88 [25904 4031 | 52.02
Total 60,6620 94.41 100.00 | 3,925 6.11 100.00 |40,41q 62.91 100.00 | 31,588 49.17 | 100.00 High 3,194 498 30.74 7 001 0.17 1,546 241 351 6,019] 9.37 12.09
gg:]ae'ral 64,252 100.00 64,252 100.00 64,252 100.00 64,252 100.00 Total  [10,390 16.17 | 100.00 | 4,073 6.34 | 100.00 [44,00d 68.63 | 100.00 [49,791 77.49 | 100.00
2 Sector 4 (270-360)
e Low 4,279 6.66 37.46 (10,260 15.97 24.24 902 1.40 6.13 794 1.24 10.54
% Medium | 4,737 7.37 41.48 (21,867 34.03 51.66 | 8,007| 12.46 54.38 | 3,528| 5.49 46.82
% High 2,406 3.75 21.06 110,202 15.88 24.10 | 5,814 9.05 39.49 | 3,213| 5.00 42.64
§ Total 11,422 17.78 100.00 (42,329 65.88 100.00 (14,723 2291 100.00 | 7,535 11.73 | 100.00
] Total 64,252 100.00 64,252 100.00 64,252 100.00 64,2521 100.00
e = Conclusions

1994-2003 1985-1994 “1994-2003
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Considering that the area with positive land cahanges is the one from sectors 3
and 4, in the case of CVA applied to TCG-TCB, it b& concluded based on this
study that 96.54 % of the study area presenteueipériod 1985-2011 land cover
changes which indirectly point to the reductiorcafbon black pollution. The
remaining area (3.46 %) is affected by a decraasegetation (2.44 %) and an
increase in bare soil expansion (1.02 %).
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In the case of CVA applied to NDVI-BI, the areawié&ind cover changes which
indirectly point to the reduction of carbon blaskoif 89.22 %, while 10.78 % of the
study area is affected by bare soil expansion Isscafithe persistent heavy metal
pollution.

The bidimensional histograms comparing direction rxagnitude (the direction is
represented on the abscissa, and the magnitude ardinate line):

a). TCG-TCB shows that for 1985-2011 most changasie in sectors 3 and 4,

b). NDVI-BI shows that for 1985-2011 most changesmed in sectors 2, 3 and, 4

Ecological reconstruction at Copsa Mica:
a). slope with returning vegetation behind SC SomteA,; b). fully forested
slope on the Tarnava Mare corridor



