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Greenest urban green infrastructure and Green Space Management

long-term trend in green spaces pattern

Description and This indicator examines how and in which direction

justification vegetation cover changes within the Urban Green
Infrastructure. Trend detection in Normalized Difference
Vegetation Index (NDVI) time series can help to identify
and quantify recent changes in ecosystem properties.

Definition Urban green spaces make an important contribution to the
liveability of cities. This indicator examinehow green are
urban green infrastructure using remote sensing data.

1- The greenest value per UGI is derived

406



Strengths and
weaknesses

Measurement
procedure and
tool

2- patterns of changes in the long-term. are reported
as:

a. % of change per decade

b. Balance between greening and browning
areas

Greenness and temporal trends were measured within core
cities and within their commuting zones focusing on:

-Densely built-up areas where artificial areas cover > than
the 60% of a 2.25 km2 neighborhood

-not densely built up areas where artificial areas are mixed
with urban forest, seminatural vegetation or urban fringes

-spatially explicit -> provides a detailed analysis of change
in urban green infrastructure

-relatively complex

Trend analysis employed non-parametric approaches,
namely Theil-Sen regressions. The slopes of the regression
approach were tested for their statistical significance using
the p-value of the Mann—Kendall test for slopes (Forkel et
al. 2013; Corbane et al. 2018; Novillo et al. 2019). Pixels
for which the p-value (Mann—Kendall) was less than 0.1
(90% confidence interval) were extracted and considered
to have a significant medium-term trend. We then applied
the Theil-Shen regression to obtain the Theil-Sen positive
or negative slopes of all significant NDVI trend pixels from
1996 to 2018.

From the Theil-Sen positive or negative slope we extracted
the pixels that overlap areas where (at least once between
1996 and 2018) the highest-NDVI was greater than 0.4. In
this way we could focus on changes which affected the
urban green infrastructure, minimizing the impact of mixed
pixels on the analysis (Dobbs et al. 2018).

Changes were reported for densely and not densely built up
areas.

- Medium-term trend summary statistics
o0 Average value - Coefficient of variation -
Minimum - Maximum
- Medium-term trend classes share (26)

Slope was reclassified in 5 classes representing key change
thresholds:

<-0.015 — hard Downward trends (Browning) due to
browning housing policies, development of

industrial and commercial areas, new
grey infrastructures

-0.015 < x < -0.0001
— light browning
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¥
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¥

Scale of
measurement

Data source

Required data

Data input type
Precision

Data collection
frequency

Level of
expertise
required

-0.0001 < x < 0.0001
— no changes

No changes

< 0.007 — light
greening

Upward trend (Greening) due to
green infrastructure management;
vegetation growth; climate change

Percentage of pixels with significant positive and
significant negative trends were used as accuracy indicator.

D
¥
FUA boundaries
" @

Densely
built

Densely
built

Interface

| Interface

vez | Average Greenest 2010 ]

ces | Delta-Greenest |

sca | Greenest % change per decade |

"es | Balance major changes |

Functional Urban Areas (Core cities and Commuting Zone)

- Landsat annual Top-of- INTERNATIONAL JOURNAL OF
DIGITAL EARTH 3 Atmosphere (TOA) reflectance
composites available as collections in the Google Earth
Engine (GEE) platform for the period 1996—2018

- the model can be implemented using NDVI trend data
Measurement Unit:
- 9% [change in NDVI (greenest value) per decade]

- Greening-Browning balance (difference between
share of UGI where there has been a major upward
and downward trend in vegetation cover)

-raster (vector data will be rasterised)

30m

Year or time-series range (for available data at EU scale):
1996-2018 (http://data.jrc.ec.europa.eu/collection/GHSL)

-GIS programmer (advanced)
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Synergies with - With structure of Urban green and Urban Forest
other indicators - With recreation opportunities

- With land suitability for pollinators

Connection with //
SDGs

Opportunities for No
participatory
data collection

Additional information
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Below, left: Example of abrupt greening
(upward trend) due to due to green
infrastructure management in Padova core city
- not densely built zone (Italy). A. represents
the NDVI change between 1996-2018; B
represents the park in 2001 and C represents
the park in 2018.
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Below, right: Example of abrupt browning
(downward trend) due to housing policies
in Padova core city - not densely built
zone (Iltaly). A. represents the NDVI
change between 1996-2018; B
represents the area in 2001 and C
represents the area with a new
residential zone in 2018.
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Balance between abrupt greening and browning changes within densely built areas in core
cities and commuting zones. Pie charts show the proportion of reporting units per class of
change (%0).
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8.3 Edge density

Project Name: Indicators for urban green infrastructure (EEA)
Author/s and affiliations: EEA, ETC/ULS

Edge density Green Space Management

Description and Within cities, green areas may not be equally distributed.

justification An uneven distribution of GUAs prevents equal accessibility
for all city dwellers, focuses benefits from exposure on
fewer city elements (neighbourhoods, streets, buildings or
houses) and prevents connectivity of all the available green
spaces in the ecological network.
The edge density provides an indication of the distribution
of GUAs. A high edge density in a city indicates a relatively
high number of green areas that border residential,
commercial, and industrial or other public buildings.
Consequently, a higher value for the indicator may be due
to a long boundary length, i.e., more small patches.
This measure provides a proxy for the equal or non-equal
distribution of green urban areas in the city. Increasing the
green area and distributing it more evenly is an effective
measure in reducing the undesired effects of clustered
urban green areas.
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