dgaiil g ladall dlae

7 \

/7 \ P-ISSN: 1996-983X

} 3 Journal of planner and development
i . J| E-ISSN: 2960-1908

St Vol 31 Issue 1 2026/4/7

4 9 <) daadl) o W il g o) puadd) (glalial)
oSl Adpda A Clilagi¥) g AL pUardl Gy ABSMad) A 40

S AR gad 0] o gL ) gle allra

Ladad) il gall anlB) g (5 puaad) Jagdodiil) S ya / 305 daaly
: ol

Oe aall (o sadlls Sl cailall 3 o) puadll gl Hsn jledals dalas ) Al jall o3 Caags
A3l A8l il bl il g 3Lal) eUal (s A8 il JOA (e 0 oS Apae 8 5 0 S0 Al
¢) puadl) Cilalusall 400l CUKLY) o ¢ gall Tl 8 Al ol dnaal aSiy 4y paal) daiil) oo
i) s 8 Aals col sll 335a Gpmani's 050 S 20T 5 aliaiel Allad Lyl il 5l L sy
Lagie o A jall adied 5 A8 jal) aall agds 3 3ol il alial) Lo srall 5 ag ) ) janll
daie o 2 oo Hladinl) Uy Jlestiul o Cua o Laall Gaadaill 5 (5 55l Qaladll ¢ cenida 93 3
Sl elaall i5a5 (GPP) dlaa) 4 0¥) 4}l 5 135 lualGoogle Earth Engine
abiaiadl Al selisll 8 Al 3l 5 AnlSall @l il Jilas5 <2023 5 2003 o 3 EINDVI
i) EBllaa s IPCC dangie Jlarinls 2023 alad diaall 43 g j<U) dcad) Cloa 23 L 50 S
A58 g g sl gl dalal)

8 Ol (5 ¢ 50 SN aliaial & Aallady aalod o€l ) Uil culd glalial) of il &y lal
ol e e ) (abaia¥) 5ol e Ulanl (el cuuialall (il JMAGPP s NDVI <l i s
& 0508 ST 6 jle Gl s o Al )all iy WS 5 guanll saill (o ) i) Jarall (4
e piaal) s S A 3 Lai ¢ COASa 51,184,290 (e ST &l 2023 alad < Sl dipaa
Aleld dpladass ANl b S 4300 5 sad (S Lo oJatd (112 469,693 ) s (Al eUaall (8
(il g ;\}AAJ\‘\.’E)M @u}ﬁ).\cu_\.\.d\ gg)maj\.la..}jaaﬂ\ }fdﬁ)j)muj\z\am\Jﬂ\ &L\.AAJA}
lalusall il oyl Aali) lacal dpdinal 48 Lial 5 Al AaS gall il a5 clgi syl
O 8 Gy g2 el o Jandii 5 ¢ Jaall asdadiill cilibins Gaa Sl () sa S Q) pdige Aty a5 LS

Al Jala ALl g 3) gl 5 il

L=l «Google Earth Engine « GPP <NDVI ¢ Sl sUaall ¢y o KU danad) ¢y g3 S
sl R ¢ Al

128

|® @ This work is licensed under a Creative Commaons Attribution 4.0 International License.



https://jpd.uobaghdad.edu.iq/
https://jpd.uobaghdad.edu.iq/index.php/jpd
mailto:maitham.alwan2100m@iurp.uobaghdad.edu.iq
mailto:dr.n.khaleefah@iurp.uobaghdad.edu.iq

= dgaiil g ladall dlae

jf‘ iy doaly. \
4 A\ P-ISSN: 1996-983X
< § £1SSN: 2960-1908 Journal of planner and development
vt Vol 31 Issue 1 2026/4/7

Green areas and their impact on the carbon footprint
A study of the relationship between vegetation cover and emissions
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Abstract:

Abstract: This study aims to analyze and demonstrate the environmental role of
green spaces, particularly in reducing the carbon footprint in the city of Al-Kut, by
evaluating the relationship between vegetation cover and greenhouse gas emissions
resulting from urban activities. The importance of the study lies in highlighting the
environmental potential of green areas as natural and effective tools for absorbing
carbon dioxide and improving air quality, especially in light of rapid urban
expansion and increasing climatic pressures facing lIragi cities.. Remote sensing
data were utilized through the Google Earth Engine platform to calculate the Gross
Primary Productivity (GPP) and the Normalized Difference Vegetation Index
(NDVI) during the period from 2003 to 2023, and to analyze the spatial and
temporal changes in vegetation carbon absorption efficiency. Additionally, the
carbon footprint of the city for the year 2023 was calculated using the IPCC
methodology and emission factors related to energy and fuel consumption. The
results revealed that the improvement in NDVI and GPP indices over the past two
decades positively reflected the environmental absorption efficiency, despite
increasing urbanization pressures. The study showed that the total carbon dioxide
emissions in Al-Kut city for the year 2023 exceeded 1,184,290 tons of CO:-
equivalent, while the amount of carbon absorbed by vegetation was estimated at
approximately 469,693 tons, highlighting a major environmental gap that
necessitates effective planning interventions.. It also recommends adopting
vegetation carbon indicators in local planning policies

Key words:

Carbon, carbon footprint, vegetation, NDVI, GPP, Google Earth Engine, climate
change, carbon imbalance.
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dab sroll 298011 03y Goeke JavaScript ddlea Y & oYl Ayl Aige Gl (GPP) duaie oo
Google Earth Engine

o Al ddlaia Jransd
var study area = ee.FeatureCollection("projects/ee-
engmaitham85/assets/2013-2023");
var study area_geom = study_area.geometry();
Map.centerObject(study area, 11);
Map.addLayer(study area, {color: 'blue'}, 'Study Area’);
var gppStatsFeatures = J s & gl o 33 CSV
° a,,\.mj\ <) yadl)
var periods = [
[2003, 2007],
[2008, 2012],
[2013, 2017],
[2018, 2022]];
o zuiliill oy jASt aif 68
var periodLabels = [];
var meanValues = [];
o el dpaui il Aol GPP Wiluaa) g
function calculateGPP(startYear, endYear) {
var dataset = ee.ImageCollection("MODIS/006/MOD17A2H")
filterDate(startYear + '-01-01', endYear + '-12-31")
filterBounds(study_area_geom)
select("Gpp");
var meanlmage = dataset.mean().multiply(46).divide(1000); // GPP
kgC/mz/year
o 550 (e iCrunaplid
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meanlmage =

meanlmage.updateMask(meanImage.gt(0).and(meanimage.lte(5.0)));

o hilaa) GPP: Jaw gial) ¢ oY) ¢ SaY)
var stats = meanlimage.reduceRegion({
reducer: ee.Reducer.minMax().combine({
reducer2: ee.Reducer.mean(),
sharedInputs: true }),
geometry: study_area_geom,
scale: 500,
maxPixels: 1e13 });
o LS A
var countPixels = meanimage.reduceRegion({
reducer: ee.Reducer.count(),
geometry: study area_geom,
scale: 500,
maxPixels: 1e13
})-get("Gpp™);
countPixels.evaluate(function(c) {
print(*'s_isll Sl axe " + startYear + "-" + endYear +": ", ¢); });
stats.evaluate(function(res) {
var label = startYear + "-" + endYear;
print("<libas) GPP 5l + label +');
print("GPP 3Y): ", res['Gpp_min');
print("GPP e ¥): " res['Gpp_max);
print("GPP L sidl: ", res['Gpp_mean']);
periodLabels.push(label);
meanValues.push(res['Gpp_mean']);
var feature = ee.Feature(null, {
s ydll": label,
'‘GPP_min": res['Gpp_min'],
'‘GPP_max": res['Gpp_max'],
'‘GPP_mean': res['Gpp_mean']});
gppStatsFeatures.push(feature);
iIf (meanValues.length ===4) {
estimate2023AndExport();
o Jsa yial GPP ddilud) o il
var gppStatsTable = ee.FeatureCollection(gppStatsFeatures);
Export.table.toDrive({
collection: gppStatsTable,
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description: 'GPP_Stats_Table',
fileFormat: '‘CSV',
folder: 'GEE_Exports'}); } };
o Ayl alldky Al (a e
var percentiles = meanlmage.reduceRegion({
reducer: ee.Reducer.percentile([1, 99]),
geometry: study area_geom, scale: 500,
maxPixels: 113 });
percentiles.evaluate(function(p) {
iIf (p && p["Gpp_pl1"] '==undefined && p["Gpp_p99"] == undefined) {
var vis = {
min: p["Gpp_p1"],
max: p["Gpp_p99"],
palette: ['green’, 'yellow', ‘orange’, 'red] };
Map.addLayer(meanlmage.clip(study area geom), vis, "GPP Heatmap " +
startYear + "-" + endYear); } });

o b ypall jdal
Export.image.toDrive({
image: meanlmage.clip(study_area_geom).reproject({
crs: 'EPSG:32638;,
scale: 500 }),
description: "GPP_" + startYear + " " + endYear,
folder: "GEE_Exports",
fileNamePrefix: "GPP_" + startYear + " " + endYear,
region: study area geom,
scale: 500,
maxPixels: 1e13,
fileFormat: "GeoTIFF" });}

o i GPP Al awll 42023 alad
function estimate2023AndExport() {
var yearsMid = [2005, 2010, 2015, 2020];
var gppArray = ee.Array(meanValues);
var regressionPoints = ee.Array(yearsMid).toList().zip(gppArray.toList());
var regressionFeatures = regressionPoints.map(function(pair) {
pair = ee.List(pair);
return ee.Feature(null, {
'year": pair.get(0),
'gpp": pair.get(1) }); });
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var fc = ee.FeatureCollection(regressionFeatures);
var fit = fc.reduceColumns(ee.Reducer.linearFit(), ['year', 'gpp']);
var slope = fit.get('scale’);
var intercept = fit.get(‘offset’);
var gpp_2023 = ee.Number(slope).multiply(2023).add(intercept);
gpp_2023.evaluate(function(val) {
print(" 8 GPP 2023 i ) val);
var area_m?2 = study area_geom.area();
area_m2.evaluate(function(areaVal) {
for (var i =0; i < periodLabels.length; i++) {
(function(label, gppVal) {
var total_kg = ee.Number(gppVal).multiply(areaVal);
var total_tons = total _kg.divide(1000);
total tons.evaluate(function(t) {
print("s_iall & paiedl O S Jea) " + label + " " + ttoFixed(2) + "
bk
}(periodLabels[i], meanValues[i]); }
var total_kg 2023 = ee.Number(gpp_2023).multiply(area_m?2);
var total_tons_2023 = total_kg_2023.divide(1000);

total tons_2023.evaluate(function(t2023) {

ok");

print("(s %) 2023 384 A paiedd) G0 S sl " + 12023.toFixed(2) +
b
}); periodLabels.push(*2023 (s_»x)"™);
meanValues.push(val);

var chart = ui.Chart.array.values({
array: meanValues,
axis: 0,
xLabels: periodLabels

1}).setOptions({
title: ' L3 GPP (kgC/m?/year) 2023 52003 o',
hAXis: { title: “4uie )l 5 sl 3
vAxis: { title: 'GPP (kgC/m?/year)', minValue: 0 },
lineWidth: 3,
pointSize: 6,
series: { 0: { color: 'green' } }

print(chart);
<l Al Jsd 0

periods.forEach(function(p) {

calculateGPP(p[0], p[1])
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