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Background

* Changes in land use and land cover (LULC) can have direct effects on streamflows at the catchment scale. However, studies of this type are still lacking in some
tropical areas of the globe where LULC changes constitute the main anthropic changes at watershed scale; for instance, deforestation, and agricultural modification
among others. Therefore, for analysing impacts on streamflow, the first challenge is to achieve a good characterization of LULC.

* Junin and Pajan catchments are located on the South American coast in Ecuador. Traditional dominant land use is agriculture for several types of crops including
evergreen crops, cash-crops, and for grazing . With population growth and increasing demands for land and food supply, the forest frontier is being pushed further
and the grazing activities are increasing.

Rio Junin on 27jan2021

Overview Background
Image source: El Diario (2009)

First LULCC First impact
results results



9870000

9800000

490000

560000

Pacific Ocean

Colombia

QUITO

Ecuador

GUAYAQUIL

South America

PORTOVIEIO

Legend

Main urban areas

River gauge A
River network —
Junin (B) DEM (m.a.s.l)

38.6 [ |
517.5 [ ]
PAJAN (A) DEM (m.a.s.l.)
93.1 [ |
748.9 [ ]

40 km

1
490000

9870000

9800000

Aims and Study Site

The objective is to evaluate whether
LULC changes have occurred for two
small basins (Junin and Pajan), and to
analyse their possible effects on
flows with special emphasis on
minimum flows. Both catchments are
characterized by savannah (Aw)
climate with seasonal rainfall
patterns and a long period of
minimum to zero precipitation
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Mean P
Mean P Dry
Mean Rainy  season**
Catchment Area Elevation Slope Main Land uses* season*** *ok Mean T
Units Km? ma.s.l (Yo)** mm mm Celsius
50 (53.7%), 120 (27.2%), 10(14.7%),
Pajan (A) 640.57 421 0.020 30(2.46%) 962.57 42.12 18 to 24
50 (49.6%), 120(23.8%), 10 (13.1%),
Junin (B) 188.09 278 0.030 40(6.78%), 30 (4.75%) 985.47 21.99 18 to 24

*Based on ESA-CCI-LC 2015

**SEE ESA-CCI-LC Legend

50

120

10
40
30

Tree cover broadleaved evergreen closed to open larger than 15%
Shrubland

Cropland rainfed
Mosaic natural vegetation (tree/shrub/herbaceous cover)(larger than 50%)/cropland (less than 50%)

Mosaic cropland (larger than 50%) / natural vegetation (tree/shrub/herbaceous cover)(less than 50%)

***Taken here from December to May. ENSO years such as 1991, 1997 and 1998 are not considered here

****Taken here from June to November. ENSO years such as 1991, 1997 and 1998 are not considered here

Aims and Study Site

The objective is to evaluate whether
LULC changes have occurred for two
small basins (Junin and Pajan), and to
analyse their possible effects on
flows with special emphasis on
minimum flows. Both catchments are
characterized by savannah (Aw)
climate with seasonal rainfall
patterns and a long period of
minimum to zero precipitation
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Flow (Q) data available for the study catchments. Stu dy S|te . FIOW data

Percentages Q data per year per station

available
INAMHI code-  H359- H233- * Free Q INAMHI data available online.
Basin Name Pajan* Junin
(Station ID)/ (A) (B) * Percentages include Q generated with rating
Years Q (%) Q (%) curves.
1990 0.0 100.0
1991 100.0  100.0 * For Pajan (A), Q available from 1991 to 2013
1992 50.3 100.0
1993 98.4  100.0 * ForJunin (B), Q available from 1900 to 2006
1994 100.0 100.0
1995 97.5 100.0
1996 98.9 99.7
1997 98.6 99.7
1998 100.0 83.3
1999 100.0 100.0
2000 99.7 99.7
2001 100.0 100.0
2002 99.7 81.1
2003 98.4 100.0 *There was a dam upstream the gauging station.
2004 99.5 78.7 It was constructed in 1992 and worked for 5 years.
2005 87.7 91.5 Its reservoir has silted and is now not in operation. Overview
2006 100.0 91.5 Therefore, this river could now be considered as a
2007 99.2 0.0 Non-regulated river.
2008 98.9 0.0
2009 100.0 0.0 Link: http://www.eldiario.ec/noticias-manabi-
2010 100.0 0.0 ecuador/353748-riesgo-en-antigua-presa/
2011 92.9 0.0 . o
5012 99 2 0.0 First LULCC First impact

results results

2013 74.9 0.0




2 images
300 m Spatial Resolution
Annual Temporal Resolution

Ready-to-use land cover
information

Already been subject to
classification

2 images, Level 1, Terrain
Precision, Tierl.

LTO5 & LCO8

30 m Spatial Resolution
8 to 16 days Temporal
Resolution
Pre-Processing for
corrections required.
Supervised classification

Analysis of change

literature

- Obtaining percentages with DataPlotly

- Dividing mapsin GIS

- Reclassification considering potential
to increase runoff/infiltration

- Reclassification based on hydrologic

Evaluation of Data availability
of P and Q.

Free government information
(INAMHI) of P and Q from
1990 to 2013.

Qis in daily temporal
resolution

P and other meteorological
variables are in Monthly
temporal resolution

Q and P data available upon
request (also INAMHI) can go
back to 1972. Still in process.
Where possible, HQ rating
curves employed to complete
series.

IHA software for linear
interpolation.

Flow signatures regarding
duration and frequency of
extreme events are selected.
To gain insights, the selected
Flow signatures are
computed employing free
government information
(INAMHI) of Q from 1990 to
2013.

In the meantime more data,
are being requested (also
INAMHI.

Significance of changes is
evaluated employing
boxplots and IHA software
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1. Systematic
search in ESA CCl

the study area

Website locations

2. Find the tiles for

3. Select years
sed  Matching Landsat
data availability

4. Download raster
and layer style

5. 0penin
OUERIUINIEIN

ESA-CCI-LC and DataPlotly workflow

6. Reproject layers

and Clip raster to
catchment extent

Methods I: ESA CCI

Changes in LULC are studied using two sources
of remote sensing information: ESA-CCI-LC (ESA,
2017) at spatial resolution of 300 m and
Landsat (USGS, 2018) at spatial resolution of 30
m, together with local authorities reports
within the last decades. While ESA-CCI-LC
directly provides LULC information, LULC was
retrieved from surface reflectance after
preprocessing (atmospheric and topographic
corrections) from Landsat by using a
supervised algorithm.

In an initial approach the observed changes are
compared with variation in streamflow in the
outlet of both catchments.

Background

Methods
First LULCC First impact
results results



1. Systematic search
in USGS Earth
Explorer

2. Find the tiles for
the study area

3. Apply cloud cover
filter at 10% and
locations 30%

4. Visual inspection
of remaining cloud

cover over the study
area

6. Selection of the
regions of interests
in ENVI Software

5. Download the
scenes and start of =
pre-processing

7. Radiometric and
Atmospheric
correction using
Flaash TM.

8. Topographic
correction with
Minnaert method in
QuantumGls.

9. Clipping corrected

files to catchment
extent

Landsat downloading and preprocessing workflow

Methods IlI: Landsat pre-
processing

Changes in LULC are studied using two sources
of remote sensing information: ESA-CCI-LC (ESA,
2017) at spatial resolution of 300 m and Landsat
(USGS, 2018) at spatial resolution of 30 m,
together with local authorities reports within
the last decades. While ESA-CCI-LC directly
provides LULC information, LULC was retrieved
from surface reflectance after preprocessing
(atmospheric and topographic corrections) from
Landsat by using a supervised algorithm.

In an initial approach the observed changes are
compared with variation in streamflow in the
outlet of both catchments.

Aims and
First LULCC First impact
results results




Methods Il: Landsat

2. Open the SCP Pluggi o _ . . fe .
L Ineuenieny € et (Congedo 2020) 1o 3. Build virtual stacks with supervised classification

layers of the bands

QuantumGlIS different band combinations

Changes in LULC are studied using two sources of
remote sensing information: ESA-CCI-LC (ESA,
2017) at spatial resolution of 300 m and Landsat
(USGS, 2018) at spatial resolution of 30 m,
together with local authorities reports within the
4. Visual inspection of band 5. Visual inspection of band 6. Visual inspection of last decades. While ESA-CCI-LC directly provides
combinations with RGB combinations with RGB "infrared" band combination LULC information. LULC was retrieved from
Natural colour Natural colour to identify vegetation types ’ .
surface reflectance after preprocessing
(atmospheric and topographic corrections) from
Landsat by using a supervised algorithm.

In an initial approach the observed changes are
compared with variation in streamflow in the
b TS S outlet of both catchments.

7. Visual inspection of
"agriculture" band
combination to identify
agricultural uses.

8. Visual inspection of band
e COMbinations to identify water s
bodies

repressenting different land
uses

Overview Background

Aims and
Study Site

11. Perform the supervised
classification employing 12. Select the best
several algorithms (Minumum Sl classification result comparing
Distance, Spectral Angle, Max. with local authorities reports.
Likelihood)

10. Assess spectral signatures
for training inputs

First LULCC First impact

results results

Supervised classification workflow employing Landsat



27 noviembre2016

Methods

Example of Visual inspection of band combinations
with Landsat before supervised classification

carried out.

Overview

First LULCC
results

is

Background

First impact
results




1. In Quantum GIS load the
rasters

2. Raster to Vector

3. Field calculator to
compute area and
percentages for land Use
categories

4. Plot Using DataPlotly
pluggin

5. Dividing maps in GIS
employing the Raster
Calculator

6. Reclassification
considering potential to

increase runoff/infiltration.

We employ R.RECLASS
algorithm

7. Reclassification based on
hydrologic literature.

Supervised classification workflow employing Landsat

Methods Ill: Analysis of
change

Changes in LULC are studied using two
sources of remote sensing information:
ESA-CCI-LC (ESA, 2017) at spatial
resolution of 300 m and Landsat (USGS,
2018) at spatial resolution of 30 m,
together with local authorities reports
within the last decades. While ESA-CCI-LC
directly provides LULC information, LULC
was retrieved from surface reflectance
after preprocessing (atmospheric and
topographic corrections) from Landsat
by using a supervised algorithm.

In an initial approach the observed
changes are compared with variation in
streamflow in the outlet of both
catchments.

First impact
results

First LULCC
results
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1.Evaluation of Data

availability of P and Q

J

-

-

2. Where possible,
HQ rating curves
employed to
complete series

\

J

-

3. IHA software for Q
linear interpolation

\

1.1 Free
government
information

(INAMHI) of P
and Q from 1990
to 2013.

-

P and other
meteorological
variables are freely

available in Monthly
temporal resolution

N

1. Evaluation

of data
availability
of Pand Q

~

J

1.2. Q and P data
available upon
request (also

INAMH]I) can go
back to 1972. Still
in process.

Q is available
in daily
temporal
resolution.

Methods IV: In-situ
measurements and

processing.

In a preliminary approach the
observed LULC  changes are
compared  with  variations in

streamflow (Q) in the outlet of both
catchments.

Background

First LULCC First impact
results results



1. Flow signatures regarding duration and frequency of
extreme events are selected. Based on Kuentz et al
(2017), Pimentel and Arheimer (2021), Guzha et al
(2015), Zhang et al (2016)

2. Based on Landsat imagery availability with Little cloud
cover (only 2 scenes), the Free Q time series is divided
in two periods: a) From 1990 to 1998 (before); b) From

1998 to 2013 (after)

3. To gain insights, the selected Flow signatures are
computed employing free government information
(INAMHI) of P,Q and H, from 1990 to 2013.

4. Signatures are computed manually in excel, with
hydrostats package in R, and with IHA software

5. Significance of changes is evaluated employing IHA
software and boxplots

E,i Indicators of Hydrologic Alteration
IHA  Options Window Help

Welcome to

[ HA

The Indicators
of Hydrologic
Alteration

The Nature Conservancy (2011)

Methods V: The Initial
approach

In a preliminary approach the observed
LULC changes are compared  with
variation in streamflow in the outlet of
both catchments

Flow Signatures are computed and a
comparison before/after periods s
carried out.

For variation of streamflow to be
significant, there must be no
interquartile overlapping between
boxplots.

First impact
results

First LULCC
results




______________ Component of flow regime

Magnitude of flow events  Low flow conditions

Frequency events of flow  ow flow conditions

High flow conditions

Low flow conditions

Duration of the flow events

High flow conditions

Rate of change in flow events

Variable Units nesrripfinn

Baseflow Index: mean of 7-days minimum daily flow within a
BFI - year divided by mean annual daily flow

Annual number of low flow spells (threshold equal to
LowNum - of flow conditions 25% of mean daily flow)

Annual number of high flow conditions occurrences (threshold
HiNum - 75th percentile)

Duration of daily flows below the annual 25th percentile of daily
LowDur Days flows

Duration of daily flows above the annual 75th percentile of daily
HiDur Days flows

annual number of reversals (change in the sign in the day-to-day
Rev - change time series)

Methods V: The Initial
approach

There are many Flow Signatures, AKA
hydrologic indices, but here we
selected a few, adapting Kuentz et al.
(2017) and Pimentel and Arheimer
(2021).

Overview Background

First LULCC

First impact

results results




First LULCC Results

* Regarding Landsat scenes, cloud cover was extensive in the study catchments.

The catchments in this study can be evaluated using Landsat satellite paths 10 and 11; and rows 60 and 61

We found a total of 3237 scenes from which only 15 scenes had less than 10% cloud cover

Out of the 15 images, only 2 allowed for the visualization of the full extent of our catchments.

* Because our catchments are also headwaters of important local rivers, and the divide matches the highest elevations of a
coastal cordillera, clouds tend to be concentrated most of the time in those places.

* In summary, out of the many potential Landsat tiles, only 2 could be employed along the study period.

Years available 1972 to 2013 1982-2013 1999-2020 2013-2020

LS 1-5 MSS LS4-5TM LS 7TETM+ LS 8 OLI/TIRS
Landsat sensor/ Overview

Cloud cover filter

No filter 122 800 1610 705

Methods
30% Cloud filter 17 40 77 24
0
10% Cloud filter 4 3 5 3 First LULCC First impact
results results

Number of Landsat scenes results with no cloud filter, with 30% filter and with 10% filter




| Cropland rainfed

| Mosaic cropland (>50%) / natural vegetation (tree shrub herbaceous cover) (<50%)
[ ] Mosaic natural vegetation (tree shrub herbaceous cover) (>50%) / cropland (<50%)
B Tree cover broadleaved evergreen closed to open (>15%)

B shrubland

I | Grassland

B Urban areas

| Bare areas

Bl Water bodies

ESA-CCI-LC Landsat
2016 1998 2016
(A-post) (A-Pre) (A-Post)

ESA-CCI-LC Landsat

Comparison of results employing both sources: ESA-CCI-LC (Left) and Landsat (Right). Legend adopted from ESA Land Cover CCI PRODUCT USER GUIDE VERSION 2.0

First LULCC Results

Results show that for one of the
catchments, B, ESA-CCI-LC does
not reflect changes, while the
analysis with Landsat TM shows a
decrease of 11.7% of evergreen
in favor of agricultural activities.

For the other basin, A, the first
source indicates a 2.8% increase
in evergreen forest, while the
second source indicates the
opposite, a decrease of 7.4%.

Overview Background

First LULCC First impact
results results




Legend .
I 0.0526 cropland rainfed to urban Fl rSt LU LCC RESU |tS

B 0.2 cropland rainfed to forest
"1 0.22 cropland herbaceous to forest * H_er_‘e_ the results  from
[ 0.42 forest to shrubland dividing the ESA-CCI-LC
I 0.6 mosaic half cropland to forest maps employing the Raster
I 0.684 grassland to urban Calculator.

|1 No change

| 2.4 shrubland to forest

| 4 shrubland to mosaic half cropland
[ 12 shrubland to rainfed cropland o

* Only Pajan showed changes,
Junin did not show any.

Afterwards, the values in the

] ) legend were reclassified
Instructions to reclassify

1] instructionsRelass5thOp: Bloc de notas — O

Archivo Edicién Formato Ver Ayuda

results results

0.58 thru 0.62 =1

0.2 thru 0.2 =1

0.22 thru 0.22 =1

0.4 thru 0.4 = 1

2.4 thru 2.4 =1

0.42 thru 0.42 = 2
12 thru 12 = 2

6 thru 6 = 2

4 thru 4 = 2

0.684211 thru 0.684211 = 2

0.0526316 thru 0.0526316 = 2

1 thru 1 =0 First LULCC

Changes from 1998 to 2016. Pajan catchment (A)



Legend First LULCC Results
e Some of the LULC changes

0 No change | detected with ESA-CCI-LC
1 Increased infiltration are expected to increase
2 Increased runoff runoff, while other changes,

to increase infiltration

* Reclassification considering
potential to increase
runoff/infiltration, based on
hydrologic literature.

: . * R.RECLASS Algorithm or its
Instructions to reclassify execution (or both) here
have a flaw. It is not working

jlinstrurtionsRcIassSthOp: Bloc de notas - O to the expeCted OUtpUt-

Archivo Edicion Formata Ver Ayuda

.58 thru 0.62
.2 thru 0.2 =

(%] 1
(%]

0.22 thru 0.22

(]

2

(%]

1
.4 thru 0.4 =

.4 thru 2.4 =
.42 thru 0.42 2 .
12 thru 12 = 2
6 thru 6 = 2
4 thru 4 = 2
0.684211 thru @.684211

0.0526316 thru 0.0526316
1 thru 1 =0

== 1 = 1

Background

2
= 2

First LULCC
results

First impact
results

Changes from 1998 to 2016. Pajan catchment (A)



Median Flows (cms)

First impact Results: | monthly patterns

pajan2periods90to13
Menthly Flow Alteration with RVA Boundaries (1991-2013)

= Pre-Impact Flows (1991-1393)
== Post-Impact Flows (1999-2013)
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First impact Results: | monthly patterns

-8~ Pre-Impact Flows (1990-1998)
-8~ Post-mpact Flows (1999-2006)

junin90to13-for2periods-n1
Monthly Flow Alteration with RVA Boundaries (1990-2006)
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BFil)

HiDur(days)

LowDur(days)

N First impact Results: Il boxplots

* To gain insights we computed the flow
signatures with the freely available 1990 to

— = 2013 Q data.
=

100 —

RV
|

50 —

= e Annual results were plotted with boxplots.

 The box shows 50% of the data (interquartile
range), whiskers refer to percentiles 10" and
90t the solid line represents the median value
iR T and x the mean value.

APre 1
APre 1
APost 7 I

BPre
B Post 1

] BB * For catchment A, in total 23 samples, 8 and 15
] | in the pre- and post-LULC change periods

7 : N : - respectively.

ﬁ — | = | o . * For catchment B, in total 17 samples, 9 and 8 in
. & ' ' the pre- and post-LULC change periods

respectively.
Background

Methods

HNum(-)

~

BPost 7
APre
APost
BPre
BPost 1

12 —
150 —
10 —f

100 —

LowNum(-)

First LULCC First impact
results results

APost 1
BPre
BPost 7

He
o
=T

APre
APost 7
BPre
BPost 1

Distribution of annual values of the 6 descriptors for the pre- and post-LULC change periods in each of the two selected catchments.



First impact results

* Signature values were within the same variation range. Thus, in general, no major changes are
observed for the selected signatures.

* Perhaps it is interesting to note that 3 signatures, Rev, HiNum, LowDur have shown some
degree of change. They have all decreased for both A and B catchments.

* The lower number of reversals in both catchments might indicate less regulation the flows. For
Pajan (A) catchment, this makes sense because there was a dam upstream the gauge station in
the pre-impact period.

* On the other hand, the BFI might be increasing for Junin (B) catchment. This is counterintuitive
because, in none of the sources (ESA, Landsat, nor government reports) land use has moved
towards soil and water conservation.

* The BFl increase in catchment B might be attributable to either:
i)  the long-term effect of the strong 1998 ENSO event which might have replenished aquifers*;

Overview
ii) Measuring errors. The rating curve might have changed. To rule out this possibility we are

requesting the curve equations through time.

*We shall then, investigate the aquifers and geology in the area.

results

First LULCC

First impact
results



Conclusions

* The two sources (ESA-CCI-LC and Landsat) show different results. Furthermore, in some
places the results are in opposite directions, i.e., places where ESA-CCI-LC indicates
afforestation while Landsat deforestation.

* ESA-CCI-LC indicates that LULC changes have occurred in Pajan (A) catchment. While the
supervised classification employing Landsat indicates LULC changes have occurred in both
catchments.

* The contradictions in these sources highlight the importance of taking into account local
knowledge as well as the appropriate selection of spatial resolution in the analysis.

* No changes in signatures are to be directly attributed to the LULC change.

* Regarding the effects of the LULC changes in streamflow the initial approach was not
sufficient to capture any direct effect and therefore, a deeper analysis based on specific
features of the streamflow signal are planned as the next step.

* Natural climate variability must be checked in detail to be able to rule it out of any possible Overview
effect of LULC changes on flow signatures

First LULCC First impact
results results




We will look for more
sources of LULC and more
Landsat scenes. Despite
search filters at higher
than 30% are not likely to
provide any good scene, a
small possibility remains.

Landsat LULC pre and post
change shall be divided to

show more clearly the
affected places.

We will reclassify with
other algorithms (if
possible)

Next steps: | LULC
Change

e We expect to find more
Landsat scenes for our study
sites.

* Also, to be able to present the
LULC changes in a better way.

Aims and
First LULCC First impact
results results




In the meantime more data, are being
requested (also INAMHI)

A more in-depth analysis of Q shall be
carried out (e.g. homogenization,
generation of synthetic Q series, quality
control, infilling of the missing data).

Also, signatures to be re-calculated for
the pre and post impact periods. We
will also employ a larger number of
signatures.

Significance of changes to be re-
evaluated. Relative differences in
signature change will also be
computed.

| Next steps: Il Flow

A more in-depth analysis shall be carried

out with P, T and other meteorological ana Iys IS

> variables (e.g. homogenization,
generation of synthetic P series, quality
control, infilling of the missing data). e We expect to have more
years of data.
* Also, improving the quality of
data will be a priority.
Climate descriptors to be calculated for . Try some rainfall-runoff

the pre and post impact periods . .
modelling (i.e., Herrero &

Aguilar 2009).

Significance of P and T changes to be
valuated

Overview

Check if Natural climate variability can
be ruled out of any posible effect of
LULC changes on Flow signatures

ﬁ First LULCC W First impact
results results
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