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Objectives

Cropland extent mapping for Europe, Middle-east, Russia
and Central Asia

Accuracy Assessment (by Independent team from UNH)
Areal comparisons with other cropland datasets
Map comparisons with other cropland products

Conclusions

Future work insights



Zones
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Total

Study Area

o,
Percent Percent % of Zonal
cropland/
of zonal of total
land croplands World
P Cropland
69.8 2.1 0.4
51.7 6.0 1.3
46.0 6.5 1.4
57.0 8.9 1.9
5.8 0.6 0.1
42.6 7.1 1.5
64.6 19.3 4.1
13.3 21.1 4.4
74.6 28.4 6.0
335 21.1

~24% world land area

~21.1% of world agricultural land
Source: FAO,2014
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Methodology

Data
Acquisition/Processing

Satellite Data

Training Data

Landsat 7 ETM+ SR
Landsat 8 OLI SR

Six seasons (S1:1-60, S2:61-120,
$3:121-180, S4: 181-240, S5:
241-300, S6:301-365)

9

SRTM DEM (slope)

Google Earth Engine VHRI,
Digital Globe WV-2/3 VHRI

y

Cloud/Snow/Water
masking

NDVI and NDWI
statisticsand B1-B5 SR

75t percentile of
seasonal composites

Random Forest
Classifier (Using
GEE Cloud)

Training
Samples

Primary Cropland

No

Validation
Samples

Map

Primary Accuracy
Assessment
(Satisfied?)

Yes

Post-processing

using Kernel Filter

Final Cropland
Extent




Landsat data characteristics

16000 -
14000 -
12000
10000
8000
6000
4000
2000

2014 LE7 W 2015 LE7 W 2016 LE7
2014 LC8 = 2015 LC8 W 2016 LC8

Number of scenes

713 530 717 535 698
135 1844 2112 1859 2217 1832 2191
151 2208 2514 2223 2600 2272 2539
167 2154 2668 2478 2666 2575 167
168 996 1866 1481 1806 1663 1816
139 2359 2866 2574 2729 2389 2771
152 1868 3305 2977 3137 2942 3282
1793 4574 7636 6454 7710 6165 13782

290 3274 5299 4737 5004 4434 5088

3052 19765 28979 25313 28586 24807 32334
Totalimages 159784




Training data characteristics

Training samples Validation samples
Zones Non- Non-
Crop Crop
crop crop
1 3430 1795 36 59
2 4065 1962 202 249
3 5563 663 217 290
4 7464 3493 201 325
5 2253 2677 12 462
6 4017 4283 55 176
7 1255 2945 2 370
8 742 1614 239 5302
9 2732 3482 60 711
Total 31521 22914 1024 7944
Overal 54435 8968
Total
35000 - B Training samples crop
M Training samples noncrop
30000 + B Validation samples crop
Validation samples noncrop
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Random forest classifier parameterization
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a. Selection of inputs:

Seasons : six seasons (S1: 1-60, S2: 61-120, S3:121-180, S4: 181-
240, S5: 241-300, S6: 301-365)

Total 56 bands in the data cube:

1.Six seasons per year NDVland NDWI bandsi.e. ;
NDVI (18 Bands), NDWI (18 bands) <77
2. Slope (1 band)

3. Standard Deviation of NDVI, Range of NDVIand Minimum of
NDVI of overall composite (3 bands)

4. Landsat SR B1,B2,B3,B4,B5 and B7 maximum and minimum
75t percentile of overall composite (12 bands)

5. NDVIand NDWI max and min 75 percentile of overall

composite (4 bands)

b. Selection of number of trees:

Number of trees selected are 100 with 10 number of
variables per split.
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Results: Study Area Croplands
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Visual Interpretation of European Croplands
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Results: Caucasus and Middle-east Croplands
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Visual Interpretation of Middle-east Croplands
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Results: Russia and Central Asia Croplands
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Visual Interpretation of Russia and Central Asia Croplands

Southwest Russia Kazakhstan




Accuracy assessment by independent team from UNH updated on July 6,2017

Zone 1  Reference Data Zone 6 Reference Data
Crop No-Crop|Total User Accuracy Crop No-Crop|Total User Accuracy
g S Crop 156 15 171 91.23% g S Crop 87 22 109 79.82%
=0 No-Crop 13 66 79 83.54% =0 No-Crop 10 131 141 92.91%
Total 169 81 250 Total 97 153 250
Producer Accuracy 92.31% 81.48% 88.80% Producer Accuracy 89.69% 85.62% 87.20%

Zone 2 Reference Data

Zone 7 Reference Data

Crop No-Crop [Total User Accuracy Crop No-Crop|Total User Accuracy

Zone 4 Reference Data

Crop No-Crop

Total User Accuracy

= *E Crop 129 24 153 84.31% = ..g Crop 8 0 8 100.00%
g No-Crop 28 69 a7 71.13% =g No-Crop 1 241 242 99 5904
Total 157 93 250 Total 9 241 250
Producer Accuracy 82.17% 74.19% 79.20% Producer Accuracy 88.89% 100.00% 99.60%
Zone 3 Reference Data Zone 8 Reference Data
Crop No-Crop|Total User Accuracy Crop No-Crop|Total User Accuracy

=2 *E Crop 144 12 156 92.31% = g Crop 18 1 19 94 74%

Z 0 No-Crop 20 74 04 78.72% Z 0 No-Crop 23 208 231 90.04%
Total 164 86 250 Total 41 209 250

Producer Accuracy 87.80% 86.05% 87.20% Producer Accuracy 43.90% 99.52% 90.40%

Zone 9 Reference Data

Crop No-Crop

Total User Accuracy

o g Crop 145 11 156 02.95%, = g Crop 36 11 47 76.60%
= 0 No-Crop 21 73 04 77.66% = A No-Crop 4 199 203 08.03%
Total 166 84 250 Total 40 210 250

Producer Accuracy 87.35% 86.90% 87.20% Producer Accuracy 90.00% 94.76% 94.00%

Zone 5 Reference Data Overall Reference Data
Crop No-Crop|Total User Accuracy Crop No-Crop|Total User Accuracy
g £ Crop 15 1 16 93.75% g = Crop 738 o7 835 88.38%
= Q No-Crop 22 212 234 90.60% = A No-Crop 142 1,273 1,415 89.96%
Total 37 213 250 Total 880 1,370 2,250
Producer Accuracy 40.54% 99.53% 90.80% Producer Accuracy 83.86% 92.92% 89.38%




Areal Comparison of GFSAD30EUMECAR croplands with FAO
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GFSAD30 GFSAD30 FAO FAO
GFSAD30 FAO Land area croplands croplands | croplands |(% of total
Zone countries croplands | croplands (Mha) (% of land area| (% of total | (% of land| crop of
(Mha) (Mha) in the study cropof [areainthe| study
area) study area) [study area)| area)
1 UK, Ireland 20.6 21.7 31.1 66.3 3.5 69.8 2.1
, | Portugal,Spain, France, Andorra, 72.9 62.4 120.6 60.4 12.5 51.7 6.0
Netherlands, Luxemburg, Belgium
Denmark, Poland, Czech Republic,
Germany, Slovakia, Hungary, Austria,
3 | Liechtenstein, Slovenia, Switzerland, 83.5 67.0 145.7 57.3 14.4 46.0 6.5
Bosnia and Herzegovina, Croatia,
Italy,San Mario
Estonia, Latvia, Lithuania, Belarus,
Ukraine, Serbia, Romania, Bulgaria,
4 Montenegro, Macedonia, Albania, 95.9 91.3 160.3 59.8 16.5 57.0 8.9
Greece, Moldova
5 Finland, Norway, Sweden 6.2 6.3 107.6 5.8 1.1 5.8 0.6
Turkey, Syria, Iraq, Cyprus, Lebanon,
6 Jordan, Gaza Strip, Armenia, Israel, 64.2 73.3 172.2 37.3 11.0 42.6 7.1
West Bank, Azerbaijan, Kuwait
; |Oman, SaudiArabia, Bahrain, Qatar, | ¢ 199.1 308.3 1.9 1.0 64.6 19.3
Yemen, UAE
8 Russia 155.8 217.7 1637.7 9.5 26.8 13.3 21.1
g |Kezakhstan, Kyrgyzstan, Uzbekistan, | o 292.9 392.6 19.6 13.2 74.6 28.4
Turkmenistan, Tajikistan
Total 581.9 1031.6 3076.1 18.9 33.5




FAO/Portmann (Mha)
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Areal Comparison of croplands for European Countries

Areal Comparison (GFSAD30EU vs FAO/Portmann)
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Areal Comparison (GFSAD30EU vs CORINE/GLC30)
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Zones Country G'(::n‘:g?o (mg ) P‘;'&TZ;‘“ c(?er:':)E ﬁ\f:; GFS/FAO  GFS/Portmann GFS/CORINE GFS/GLC30
zonel K?nrg;zdm 15.5 17.2 6.6 13.7 143 0.9 2.4 1.1 1.1
Ireland 5.1 4.5 1.2 4.7 4.8 1.2 4.5 1.1 1.1
zone2 Portugal 5.2 3.7 2.7 4.6 4.5 1.4 1.9 1.1 1.2
Spain 31.8 26.6 18.7 23.8 25.7 1.2 1.7 1.3 1.2
Belgium 1.7 1.3 3.2 1.8 1.8 1.3 0.5 1.0 0.9
Netherlands 2.2 1.8 1.0 2.4 2.4 1.2 2.1 0.9 0.9
Luxembourg 0.1 0.1 0.1 0.1 0.1 1.0 2.2 1.0 1.0
Andorra 0.001 0.021 0.001 0.002 0.1 1.1 0.7
France 31.8 28.8 19.6 32.6 33.3 1.1 1.6 1.0 1.0
zone3 Italy 17.9 13.2 9.6 15.9 15.4 1.4 1.9 1.1 1.2
Poland 19.1 14.4 14.5 18.6 19.7 1.3 1.3 1.0 1.0
Germany 19.9 16.7 123 20.4 21.4 1.2 1.6 1.0 0.9
Croatia 23 1.5 1.6 2.3 23 1.6 1.5 1.0 1.0
Slovakia 25 1.9 1.5 2.3 2.4 1.3 1.6 1.1 1.0
Hungary 7.3 5.3 4.9 6.1 6.3 1.4 1.5 1.2 1.2
Rg;igl‘ic 4.7 4.2 3.2 4.5 4.5 1.1 1.5 1.1 1.0
Austria 2.7 2.7 1.5 2.7 2.7 1.0 1.9 1.0 1.0
Switzerland 1.4 1.5 0.5 1.2 1.2 0.9 2.9 1.2 1.1
Denmark 3.3 2.6 26 3.2 3.2 1.2 1.3 1.0 1.0
Hzfz:;isvﬁ\a 1.8 2.2 1.1 1.8 1.9 0.8 1.6 1.0 0.9
Slovenia 0.7 0.6 0.2 0.7 0.7 1.1 3.4 1.0 1.0
Liechtenstein 0.005 0.005 0.004 0.004 0.005 1.0 1.4 1.4 1.1

San Mario 0.005 0.001 5.2




Zones Country Grmz?o (:/?rg ) P‘:r“;'::;“" C(CI:AR,:S)E ?“anh?; GFS/FAO GFS/Portmann GFS/CORINE GFS/GLC30
zone4 Ukraine 43.4 41.3 34.5 40.6 1.1 1.3 1.1
Romania 13.6 13.8 10.2 13.6 13.6 1.0 1.3 1.0 1.0
Greece 4.6 8.2 3.8 5.0 5.0 0.6 1.2 0.9 0.9
Bulgaria 5.8 5.0 3.7 5.8 5.8 1.2 1.6 1.0 1.0
Belarus 10.7 8.6 6.3 10.5 1.2 1.7 1.0
Latvia 2.7 1.9 1.9 2.7 2.8 1.4 1.4 1.0 1.0
Serbia 5.1 3.5 3.4 4.7 4.9 1.4 1.5 1.1 1.0
Albania 0.7 1.2 0.8 0.8 0.7 0.6 0.9 0.9 1.0
Montenegro 0.2 0.2 0.4 0.2 0.2 0.9 0.6 1.0 0.9
Macedonia 0.9 1.3 0.6 0.9 0.9 0.7 1.3 0.9 1.0
Moldova 2.9 2.5 2.2 2.6 1.2 1.3 1.1
Lithuania 4.0 3.0 3.0 3.9 4.0 1.4 1.3 1.0 1.0
Estonia 1.4 1.0 0.8 1.4 1.5 1.4 1.7 1.0 1.0
zone5 Norway 0.8 1.0 0.7 1.5 1.5 0.8 1.2 0.5 0.6
Sweden 3.4 3.0 2.6 3.9 3.9 1.1 1.3 0.9 0.9
Finland 1.9 2.3 2.3 2.8 3.0 0.9 0.9 0.7 0.7




FAO/Portmann(Mha)

Areal Comparison of croplands for Middle-east Countries
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GFSAD30 FAO Portmann GLC30
Zones Country (Mha) (Mha) (Mha) (Mha) GFS/FAO GFS/Portmann GFS/GLC30
zoneb Turkey 343 38.6 23.2 29.2 0.9 1.5 1.2
Jordan 0.5 1.1 0.4 0.4 0.5 1.2 1.1
Syria 6.8 13.9 4.7 6.5 0.5 1.4 1.0
Iraq 12.5 9.3 6.6 9.5 1.3 1.9 1.3
Israel 0.6 0.5 0.4 1.1 1.5
Azerbaijan 4.9 4.8 2.5 3.1 1.0 2.0 1.6
Georgia 2.2 2.6 1.2 1.9 0.9 1.8 1.2
Armenia 1.5 1.7 0.7 0.7 0.9 2.3 2.1
Cyprus 0.5 0.1 0.5 4.7 1.1
Lebanon 0.2 0.7 0.3 0.3 0.4 0.7 0.9
Kuwait 0.0 0.2 0.0 0.0 0.3 2.4 1.0
West Bank 0.1 0.1 1.9
Gaza Strip 0.0 0.0 0.9
zone7 Saudi Arabia 2.9 173.6 3.3 2.9 0.02 0.9 1.0
Yemen 2.5 23.5 1.7 1.4 0.1 1.5 1.8
Oman 0.2 1.5 0.1 0.2 0.1 1.4 1.1
United Arab) 5 0.4 0.4 0.2 0.6 0.6 1.4
Emirates
Qatar 0.0 0.1 0.0 0.0 0.4 2.1 2.0
Bahrain 0.0 0.0 0.0 0.0 0.7 0.7 1.8




FAO/Portmann (Mha)
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GFSAD30 FAO Portmann GLC30

Zones Country (Mha) (Mha) (Mha) (Mha) GFS/FAO  GFS/Portmann GFS/GLC30
zone8 Russia 155.8 217.7 127.5 157.1 0.7 1.2 1.0
zone9 Kazakhstan 62.1 217.0 23.1 435 0.3 2.7 1.4
Uzbekistan 7.8 26.8 6.1 7.0 0.3 1.3 1.1
Kyrgyzstan 2.2 10.6 2.1 1.8 0.2 1.0 1.2
Tajikistan 1.1 4.7 1.4 1.2 0.2 0.8 1.0
Turkmenistan 3.7 33.8 2.6 3.6 0.1 14 1.0
Overall All 581.9 1031.6 391.6 541.6 0.6 1.4 1.07




Map Comparison of GFSAD30EU croplands with CORINE

Zone 1l Reference Data Zone 4 Reference Data
Crop Non-crop  Total Agcsjrr;y Crop Non-crop  Total Agcslfr?cy
% Crop 789 188 977 80.8% % Crop 570 135 705 80.9%
S Non-crop 39 484 523 92.5% S Non-crop 54 741 795  93.2%
= Total 828 672 1500 = Total 624 876 1500
Producer's Accuracy 95.3% 72.0% Producer's Accuracy 91.3% 84.6%
Overall Similarity 84.9% Overall Similarity 87.4%
Kappa 0.7 Kappa 0.7
Zone 2 Reference Data Zone 5 Reference Data
Crop Non-crop  Total Acl:JcSUGrr;:y Crop Non-crop  Total A::J:frr;y
% Crop 655 233 888 73.8% % Crop 69 23 92 75%
%_ Non-crop 46 566 612 92.5% g_ Non-crop 11 1397 1408 99.2%
S Total 701 799 1500 S Total 80 1420 1500
Producer's Accuracy 93.4% 70.8% Producer's Accuracy 86.3% 98.4%
Overall Similarity 81.4% Overall Similarity 97.7%
Kappa 0.63 Kappa 0.8
Zone 3 Reference Data - Reference Data
Crop Non-crop  Total Agcsfrr;:y Crop Non-crop  Total A::J;lfrr;:y
% Crop 679 174 853 79.6% % Crop 2762 753 3515 78.6%
g_ Non-crop 47 600 647 92.7% %_ Non-crop 197 3788 3985 95.1%
s Total 726 774 1500 s Total 2959 4541 7500
Producer's Accuracy 93.5% 77.5% Producer's Accuracy 93.3% 83.4%
Overall Similarity 85.3% Overall Similarity 87.3%
Kappa 0.7 Kappa 0.8




Visual Interpretation of GFSAD30 and CORINE croplands

Original Image (GEE VHRI) CORINE croplands GFSAD30 croplands




Map Comparison of GFSAD30EUMERCA croplands with GLC30

Zone 1 Reference Data Zone 4 Reference Data Zone7 Reference Data
Crop Non-crop Total Agcstfrraiy Crop Non-crop Total Agcsfrraiy Crop  Non-crop Total AchcSL?rraScy
o © Crop 834 143 977 854% | 4 & Crop 776 126 902 86.0% | , o, Crop 570 135 705 80.9%
2 g Non-crop 61 462 523 88.3% | & © Non-crop 96 502 598  83.9% | 2 g Non-crop 54 741 795 93.2%
Total 895 605 1500 Total 872 628 1500 Total 624 876 1500
Producer’s 93.2%  76.4% Producer’s 89.0%  79.9% Producer’s 91.3%  84.6%
Accuracy Accuracy Accuracy
Overall Similarity 86.4% | Overall Similarity 85.2% |Overall Similarity 87.4%
Kappa 0.7 Kappa 0.7 Kappa 0.8
Zone 2 Reference Data Zone 5 Reference Data Zone8 Reference Data
Crop Non-crop Total Agcstfrrascy Crop Non-crop Total Agcsfrrascy Crop  Non-crop Total AchUGrrascy
o © Crop 726 162 888 81.8% | L o Crop 92 0 92 100% | o o  Crop 122 25 147 83.0%
2 g Non-crop 86 526 612  85.9% | 2 Ecs Non-crop 25 1383 1408 98.2% | § Non-crop 25 1328 1353 98.2%
Total 812 688 1500 Total 117 1383 1500 Total 147 1353 1500
Producer’s 89.4%  76.5% Producer’s 78.6%  100.0% Producer's o309 98.2%
Accuracy Accuracy Accuracy
Overall Similarity 83.5% | Overall Similarity 98.3% |Overall Similarity 96.7%
Kappa 0.7 Kappa 0.9 Kappa 0.8
Zone 3 Reference Data Zone 6 Reference Data Zone9 Reference Data
Crop Non-crop Total A(L:Jcsjrrai:y Crop Non-crop Total Agcsuerrascy Crop Non-crop Total Acl:Jchrrascy
o © Crop 734 119 853 86.0% | 4 o Crop 351 186 537 654% | _ o Crop 186 84 270 68.9%
g © Non-crop 85 562 647 86.9% ‘E" § Non-crop 78 885 963 91.9% g g Non-crop 24 1206 1230 98.0%
Total 819 681 1500 Total 429 1071 1500 Total 210 1290 1500
Producer’s 89.6%  82.5% Producer’s 81.8%  82.6% Producer’s 88.6%  93.5%
Accuracy Accuracy Accuracy
Overall Similarity 86.4% || Overall Similarity 82.4% |[Overall Similarity 92.8%
Kappa 0.7 Kappa 0.6 Kappa 0.7
Reference Data
User's
Crop Non-crop Total Accuracy
o o Crop 4391 980 5371 81.8%
2 g Non-crop 534 7595 8129 93.4%
Total 4925 8575 13500
Producer’s 89.2%  88.6%
Accuracy
Overall Similarity 88.8%
Kappa 0.7




Visual Interpretation of GFSAD30 and GLC30 croplands

Original Image (GEE VHRI) GLC30 croplands GFSAD30 croplands




Map Comparison of GFSAD30CA croplands with cropland
product of Igor et al, MODIS based croplands

Crop classes included out of 25 LULC classes of Igor et al., map - Reference Data
User's

are: 1. Cultivated and managed terrestrial area 2. Cultivated
T
ota Accuracy

aquatic or flooded area

© 135 705  80.9%
©

2 54 741 795  93.2%
©

= Total 624 876 1500
Producer’s 91.3%  84.6%

Accuracy

Overall Similarity

Kappa

.....
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GFSAD30 crop-map
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lgor et al., crop-map
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Original image (GEE VHRI)



Map Comparison of GFSAD30CA croplands with Cropland
product of Biradar et al. in Fergana Valley in Central Asia

Visual interpretation example of - Reference Data
crop-map
User's
Crop Non-crop Total Accuracy
« Crop 173 50 223 77.6%
(1)
AT 759 777 97.7%
= crop
= Total 191 809 1000
Producer's g4 6% 93.8%
Accuracy
Overall Similarity 93.2%
Kappa 0.7

GFSAD30 crop-map (GEE)

Biradar et al., crop-map (GEE)

Original satellite image (GEE VHRI)



Way Forward

Crop intensity/type Mapping:
1.Use Landsat and Sentinel-2 Harmonic Analysis
2. Peak Counting

Harmonic model: original and fitted values
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Conclusions

* Total ¥“582Mha (~5% of world land area) croplands in
Europe, Middle-east, Russia and Central Asia.

* Moderate agreement between GFSAD30 croplands
and other products (FAO/Portmann/GLC30/CORINE)

areas and statistics.

* Future work: other crop attributes mapping (Crop
intensity/Irrigated and Rain-fed crops/Crop type)
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