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Impacts of integrated soil and water
conservation programs on vegetation
regeneration and productivity as indicator
of ecosystem health in Guna-Tana watershed:
evidences from satellite imagery

Getachew Workineh Gella'?"

Abstract

Background: Northern Ethiopian Highlands, including Guna-Tana watershed, have experienced profound natural
resources degradation which are resulted from coupled natural and anthropogenic factors. To mitigate this problem,
Ethiopian government has launched various soil and water conservation programs at different watersheds. Overall
objective of this study was to analyze impacts of soil and water conservation programs on vegetation regeneration
and ecosystem productivity at in Guna-Tana watershed. As prime data source, the study has utilized Moderate Imag-
ing Spectrometer satellite bi-monthly Enhanced Vegetation Index, 8-day land surface temperature and annual Net
Primary Productivity products of the past 17 years starting from 2000. Imagery was processed by using various image
preprocessing and analytical techniques. Long-term trend was tested by using Sens slope estimator and Mann-Kend-
all's monotonic trend test. Analyzed trend was also segregated into slope and agroecology classes. More importantly,
to supplement trend analysis, Vegetation Disturbance Index was developed.

Results: Results have showed that despite of long-term soil and water conservation programs, except small patches,
vast expanses of the watershed have showed decrease in vegetation regeneration and primary productivity trend.
This observed trend has also spatial variability across slope gradient and agroecological classes of the watershed.

Conclusion: Though there is tendency of increasing vegetation regeneration and productivity, its observed that
significant positive change as a result of watershed conservation programs was very little. This indicates that for better
regeneration of vegetation and maintenance of ecosystem health in a watershed, intervention programs should be
revised and constraints should be assessed. Taking these into consideration, the study calls further implementation
strategies which have accounted agroecology and livelihoods production system.
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Background

Northern Ethiopian highlands are supporting large num-
ber of agricultural community whose livelihoods directly
depends on farming. However, coupled with increasing
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and indicate if changes were made.

population pressure and terrain characteristics of the
area, there was reported massive land degradation mani-
fested by soil erosion and resultant nutrient depletion,
forest degradation and massive expansion of agricul-
tural land use pattern with costs of other natural cover
(Gete and Hurni 2001; Hurni et al. 2010; Woldeamlak
and Solomon 2013). Similarly, studies undertaken spe-
cific to Guna-Tana watershed and Upper Blue Nile basin
like (Hurni et al. 2005; Mellander et al. 2013; Seleshi et al.
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2012, 2013, 2016; Adugnaw et al. 2016; Nigussie et al.
2017) have identified watershed level resource degrada-
tion problems emanated from anthropogenic and bio-
physical factors.

Since 1970s Ethiopian government have launched
various soil and water conservation programs to curve
resource degradation. Programs implemented at first
phase during the Derg regime (1970s) and earlier phases
of current government (1980s) were reported ineffective
due to its top-down approach basically focused on physi-
cal soil erosion control measures (Osman and Sauerborn
2001; Essayas et al. 2014; Nigussie et al. 2015; Gebreg-
ziabher et al. 2016). Renovated watershed level soil and
water conservation programs that have based commu-
nity and its livelihoods as center piece of intervention
like Community Based Natural Resources Management
(CNRM), Integrated Watershed Soil and Water Conser-
vation Program (ISWCP), Sustainable Land Management
Program (SLM), Millennium Reforestation Program and
Integrated Safety Net Programs (ISP) have been imple-
mented nationally in many regions of Ethiopia including
Guna-Tana watershed (Nigussie et al. 2015; Gebregziab-
her et al. 2016). In addition to these programs, every farm
household is participating for 60 days annually in soil and
water conservation works as community based campaign
in Guna-Tana watershed.

The government repeatedly reported these soil and
water conservation programs as effective in halting
resource degradation scenarios and by reversing the
trend while simultaneously improving rural livelihoods
and ecosystem rehabilitation. Contrary to prospectus
government reports, still there was natural vegetation
degradation with opportunity cost of human induced
land use pattern (Temesgen and Tesfahun 2014; Adugnaw
et al. 2016). In these respect, some studies have reported
as ISWCP have brought significant changes in agricul-
tural productivity (Chisholm and Tassew 2012; Schmidt
and Fanaye 2012), reduction of soil erosion and sedimen-
tation (Kebede 2014; Nigussie et al. 2015; Molla 2016;
Asnake 2017; Lemlem et al. 2017), vegetation change and
positive hydrological responses (Fikir et al. 2009; Nys-
sen et al. 2010; Shimeles 2012), climate change adapta-
tion (Meaza 2015), biomass recovery (Essayas et al. 2014;
Lemlem et al. 2017). Though these studies have reported
prospectus impacts of integrated soil and water conser-
vation programs, still there is no any study undertaken to
show long-term watershed level vegetation productivity
and vegetation regeneration to see impacts of conserva-
tion programs on ecosystem health and productivity.

Remote sensing approaches were selected to harness
its capability to provide spatially explicit account of eco-
system parameters (Xiaoming et al. 2010; Li et al. 2014)
especially in places like Guna-Tana watershed where
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there is acute shortage of in situ based hydro-meteoro-
logical observations and complete absence of flux tower
observing stations for ecosystem health modeling. One
of the basic attributes of vegetation to measure through
remote sensing for ecosystem health assessment is vigor
(Eve et al. 1999; Li et al. 2014). Hence, the study has used
remotely sensed net primary productivity (NPP) and
enhanced vegetation index (EVI), which are repeatedly
used as ecosystem productivity, health and vegetation
regeneration and degradation at different ecosystems
and geographic regions (Potter et al. 1993; Li et al. 2012;
Feng et al. 2013; Zhou et al. 2013; Pan et al. 2014; Binyam
et al. 2015; Neumann et al. 2015; Chen et al. 2017). Veg-
etation vigor (EVI) measures health of vegetation while
NPP measures amount of net carbon assimilated to eco-
systems after supporting respiration and transpiration
which is common ecosystem health parameter. Therefore,
the prime objective of this study was to assess impacts of
integrated soil and water conservation programs on veg-
etation productivity and regeneration by using long-term
and frequently observed satellite imagery from 2000 to
mid of 2017.

Methods

Study area

The study site is located within 37°30’-38°30" East Lon-
gitude and 11°30'-12°30’ North Latitudes (Fig. 1). It
encompasses 437,632 hectares of land with elevation
gradient ranging from greater than 4000 m above mean
sea level at the tips of Guna mountain towards 1700 m
above mean sea level at the low-laying Fogera Plains
with respective vegetation heterogeneity along elevation
gradient. At some parts of the watershed, slope exceeds
70%, while at the outlets of watershed—Fogera Plain,
there is almost level land. The study site has agro-ecolog-
ical zones ranging from Kola (Tropical) towards Wurch
(Afro-alpine) ecosystems, where human encroachment
threatens mountain ecosystem to cause massive land use
and land cover change (Adugnaw et al. 2016). At highland
areas of the watershed alpine vegetation type is domi-
nant while in lowland plains, broadleaved and riverine
vegetation is common (Zerihun 1999). Because of deg-
radation of natural forests, the community has adopted
eucalyptus as alternative vegetation in private form plots
and homesteads. Precipitation measurements obtained
from climate hazards group infrared precipitation with
stations (CHIRPS) products indicates that, long-term
mean annual total rainfall ranges from 1250 mm/year at
outlets of the watershed while it ranges to 15,440 mm/
year at inlets of the watershed around peaks of Mount
Guna. Due to this, Guna-Tana watershed is an area that
contributes large amount of runoff and sediment for
Blue Nile River system through Gumera and Ribb rivers
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Fig. 1 Location map of the study area

(Setegn et al. 2008; Chebud and Melesse 2009). In its
lower plains, there is encroaching irrigation activity and
repeated flooding incidence caused by flood hazard from
upper courses of the watershed (Woubet and Dagnachew
2011). Within the watershed there are five soil classes.
These were Luvisols, Leptisols, Cambisols, Nitosols and
vertisols with areal coverage of 67.9, 1.8, 9.1, 0.4, 20.7%
of the area respectively. The watershed is experiencing
advancing population increments in terms of number
and density that, a single square kilometer is resided
by 165 persons (CSA 2004). This made an area one of
densely populated site in Ethiopia (CSA et al. 2006).

Data

The study has primarily utilized different remotely sensed
imagery from different sources which are described as
follows. Surface Radar Topographic Mission (SRTM)
Digital Elevation Model (DEM) obtained from United
States Geological Survey (USGS) website to delineate
watershed boundary, identify slope gradient and agroe-
cological classes. To see vegetation regeneration as result
of watershed level integrated soil and water conservation

programs, 368 tiles of 16-day Moderate Imaging Spec-
trometer (MODIS) EVI (MOD13Q1) composite for the
past 16 years starting from third decade of 2000 GC to
mid of 2017 was accessed from Land and Atmospheric
Archive System Distributed Active Archive Center
(LAADS DAAC) website (ftp server). Enhanced Vegeta-
tion Index was used as robust remote sensing based veg-
etation vigor and regeneration index because of it does
not affected by minor soil moisture differences. To see
long-term changes in vegetation productivity as indica-
tor of ecosystem health, long-term annual MODIS NPP
data (MOD17A3) was downloaded from similar site
with MOD13Q1. Various studies that have integrated
in situ measurements from field at different ecosystems
and climatic zones were validated MODIS NPP data and
reported as reliable and freely available remotely sensed
vegetation and ecosystem productivity data (Fensholt
et al. 2006; Turner et al. 2006; Sjostrom et al. 2013; Indi-
arto and Sulistyawati 2014; Sung et al. 2016). It incor-
porates principle of light use efficiency and ecological
modeling approach where vegetation photosynthesis,
carob fixation capacity and biome based conversion
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efficiency was accounted well (Running et al. 2004). Prin-
cipally, the product is composited based on conceptual-
izations provided by (Monteith 1972). More importantly,
vegetation disturbance accounting index was generated
from integration of EVI and land surface temperature
data. Therefore, in addition to EVI and NPP datasets, 736
tiles of MODIS 8 day land surface temperature composite
(MOD11A2) was accessed from LAADS website.

Processing and analytical approach

Watershed boundary, which served as area of interest
for this study was delineated by using ArcGIS hydrol-
ogy toolbox. Downloaded MOD12A2, MOD13Q1 and
MOD17A3 data was provided in Earth Observation
Hierarchical Data Format (EOS-HDF) with sinusoidal
projection system. These was made ready for Geographic
Information Systems (GIS) softwares through format
conversion and reprojection process. Format converted
and re-projected data was rescaled from its quantized
format by using rescaling factor provided with EOS-HDF
metadata. From rescaled MODIS full scene imagery,
study area of interest was extracted by using watershed
boundary. More importantly these datasets have under-
gone a series of quality control like filtering of no data
values, and removal of waterbodies from the imagery by
using metadata attributes archived within the dataset.

As MODIS 16-day EVI was composited from daily EVI
maximum values throughout the year, it has noise ema-
nated from outliers and cloud contamination. This noise
was removed by using Fast Fourier Transform (FFT)
technique. Fourier transform converts spatial domain
image into frequency domain images (real frequency,
imaginary frequency, and power spectrum frequency)
by using forward transformation method. Then, noise
free image was constructed by using filtered frequency
domain images through reverse Fourier transform (Roc-
chini et al. 2013). Mathematically, the representation of
Fourier transforms for discrete functions in two-dimen-
sional space can be expressed as weighted sum of sines
and cosines and it is given as

—-1M-1

N
F(M, V) = m Z
x=0 y=0

f(x’ y)e_zni(%+%)

where u and v are spatial frequency, F(u,v) is frequency
domain function, f (x, y) is spatial domain function, i is
/=1, N is the number of pixels in the x-direction and M
is the number of pixels in the y-direction. That is x indi-
ces go from 0 to N — 1 and y indices go from O to M — 1.
Fourier sequences F, were multiplied by a low pass
filter (w), giving a filtering signal wF, in the frequency
domain. After filtering is applied, usually to reduce
noises associated with high frequency components, final
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corrected image in spatial domain was reconstructed by
using the inverse transform which is given as:

N—1M-1 .
f(x, y) = Z wF(u, V)ezm(%+%)

u=0 v=0

As vegetation greenness naturally experience seasonal
behavior synchronized with climatic variables, before
time series analysis, seasonal pattern should be removed
to reduce temporal autocorrelation of time series images.
De-seasoning activity was made by using standardized
Z score time series to generate standardized anomalies,
which is mathematically represented as:

7 EVlyean — EVI;
B EVI;
where EVI,,,,, is long-term mean EVI, EVI, is EVI at time

i, and EVIy is standard deviation of EVI time series within
17 years. Though there need removal of serial correlation
by pre-whitening method for Mann Kendal trend test,
based on recommendation provided by Yue and Wang
(2002) on the nature of data the analysis was made on
standardized anomalies without pre-whitening (Bayazit
and Oné6z 2008). As MODIS NPP dataset is annual com-
posite and seasonality is accounted during compositing
phase, there is no need of de-seasoning operation.

Presence of log-term trend in EVI and NPP within the
watershed was examined by using Mann—Kendall’s non-
parametric significance test (Helsel and Hirsch 1992).
Mathematically, with image time series x, (¢ = 1, 2, 3...n),
each value of the series (x,) is compared with all subse-
quent values (x,,;) and a new image series Z; was created
for trend test as provided in Machiwal and Jha (2012)

Z; =1 for x; > x;

Z; =0 for x; = x;

Z; = —1 for x; < x;

n—1 n
-3z
i=1 t=i+1
When S is a large positive number, later-measured val-

ues tend to be larger than earlier values and an upward
trend is indicated. When S is a large negative number,
later values tend to be smaller than earlier values and a
downward trend is indicated in selected indices. When
the absolute value of S is small, no trend is indicated. The
test statistic Mann—Kendall 7 (Thau) was computed as:

R
T hn—1)2
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which has a range of — 1 to + 1 and is analogous to the
correlation coefficient in regression analysis. The null
hypothesis of no trend is rejected when S and t are sig-
nificantly different from zero. The rate of change either
increasing or decreasing in EVI and NPP was calculated
using the Sen’s slope estimator, which is provided Donald
etal. (2011) as:

Y; - Y
Sstop = M| L—
sor = M (X; - Xz')

M was the median foralli <jandi=1,2,...,n— 1. and
j =2, 3,..., n; in other words, computing the slope for all
pairs of data that were used to compute S. The median of
those slopes is the Sen slope estimator.

To supplement vegetation trend analysis yearly vegeta-
tion disturbance was computed by integrating MODIS
land surface temperature and EVI. The study has adopted
vegetation disturbance index designed by Mildrex-
ler et al. (2007) and Mildrexler et al. (2009) to monitor
instantaneous and non-instantaneous vegetation distur-
bance occurred either by anthropogenic or natural fac-
tors like wildfire and hurricane. The index is presented as:

LSTimax
EVlimax

multiyear mean(m%) .
—

DI; =
EVImax

where DI; is vegetation disturbance for year i, LST,,,,,
annula maximum temperature composite for year i and
EVI,, .. is annual maximum EVI composite for year i. The
denominator is long-term mean of ratios of yearly maxi-
mum temperature and EVI with exclusion of the year
under consideration. Before vegetation disturbance gen-
eration, EVI values less than 0.25 were coded as no data
values. This was recommended by Huete et al. (2002) to
remove non-vegetated surfaces from computation. Then
annual maximum LST and EVI compositing was made
on time series imagery. During compositing process years
with incomplete datasets (2000 and 2017) were excluded.
For the purpose of detecting presence of either positive
or negative vegetation change, yearly index variabilities
greater than =+ 1 standard deviations of long-term mean
index were considered as disturbance. With this prem-
ise, yearly disturbance value lower than long-term dis-
turbance is considered as increasing vegetation change
and the reverse is true. for the purpose of monitoring
vegetation and biomass change as a result of integrated
watershed management, the index was implemented by
Essayas et al. (2014) in Blue Nile Watershed.

To look into effectiveness of soil and water conserva-
tion programs across slope and agroecological classes
of the watershed, slope in present rise was computed
from SRTM DEM. Similarly, agroecological classes were
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generated from DEM of the watershed by using opera-
tional classifications provided in Hurni et al. (2016). Ana-
lytical outputs have yielded, timeseries trend, intercept
and significance image layers. Overall processing and
analysis was made by using HDF View, IDRISI macro-
modeler to automate workflows for batch processing,
ArcGIS spatial analysis toolbox and R raster package
for image analysis. Overall processing and analytical
approach was presented in Fig. 2.

Results and discussion

Long-term changes in vegetation regeneration
Undertaken analysis showed that vegetation greenness
in Guna-Tana watershed was flourishing in normal rainy
seasons where there are sufficient crops covered precipi-
tation and agricultural fields. With recession of precipita-
tion, vast expanses of the study area experiences minimal
EVI (Fig. 3) where precipitation deficit affects vegetation
vigor.

Long term trend analysis showed that most parts of
the study area (59.9%) have experienced decreasing veg-
etation greenness pattern while small areal extension of
Guna-Tana watershed (9.6% of the total area) have expe-
rienced statistically significant increasing vegetation
greenness (P < 0.05). The remaining parts of the area have
shown both increasing and decreasing tendency which is
not statistically significant within past 17 years (Table 1).

When we consider its spatial pattern of change, statisti-
cally significant increasing vegetation greenness pattern
was observed at some patches of the watershed. These
were at the outlets of watershed and outskirts of Guna
Mountain (Fig. 4). This indicates that, soil and water
conservation activities implemented at the watershed
have spatial variability in terms of intensity and sustain-
ability of the program. Vast expanses of lowland areas
have experienced significant vegetation reduction. Low-
land areas of the watershed were repeatedly reported as
expansion of intensive agriculture which costs vegetation
regeneration especially in dry season where crops were
harvested and the field was left bare. As reported by
Essayas et al. (2014), though there were massive water-
shed level plantation activities, large parts of Blue Nile
basin have experienced decreasing biomass recovery
except Lake Tana sub-basin (which is part of Guna-Tana
watershed) that have positive vegetation regeneration.
This was also attributed with conversion of large area to
irrigated landscape with establishment of Kogga irriga-
tion scheme and expansion of eucalyptus vegetation at
privately owned farm plots.

In other way, contrary to upper parts of the watershed,
soil and water conservation activities at the lower areas
of the watershed was not basically focused on reforesta-
tion and area closure activities. More importantly, at
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Table 1 Watershed level vegetation change trend (2000- Mount Guna and its surrounding, there is strict conser-

2017) vation measures including closure activities and reloca-
Trend Area in hectares % of total watershed 1107 of rej51dent far.m ‘hous‘eholds for al‘pme ecosystem
area regeneration and biodiversity conservation. A study by

Teferi et al. (2015) also reported that long-term spatio-

significant increase 420470 o6 temporal variability of either vegetation greenness or
Significant decrease 2623249 299 browning was caused by differences by watershed man-
Non-significant increase 53,5493 122 agement practices, establishment of plantation agri-
Non-significant decrease 79,7216 182 culture and settlement programs that clear natural
Total 437,643.0 100.0

vegetation.
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Fig. 4 Spatial patterns of trends in vegetation regeneration in Guan-Tana watershed

Changes in net primary productivity

In the past 14 years, NPP have shown spatial and tem-
poral variability. As per these, undertaken analysis
showed that, within the watershed annual amount
of carbon assimilated to biosphere (NPP) ranges
from 2340.3 kg C m~? towards 2902.3 kg C m~2 per
annum. Every year, its amount oscillates within these

values (Fig. 5), while simultaneously showing spatial
heterogeneity.

As shown on Fig. 5, minimal NPP was observed in
years 2001 and 2008. Despite of concerted soil and
water conservation programs within the watershed,
there was severe drought in Ethiopia in 2001 and 2008
and more specifically, there was significantly decreasing

RN

PO

2900
S
£
@)
£ 2700
.
[
Z
=
S 2500
E
(=}
S
< 2300
O & O D > &
O
Fig. 5 Temporal changes in vegetation productivity (NPP) in Guna-Tana watershed
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precipitation pattern in the watershed (Tabari et al. 2015).
This can cause vegetation stress and resultant reduc-
tions in NPP. Though there is regional variability of NPP
response for drought (Hao et al. 2015), a study conducted
in Europe have reported significant menacing impacts of
drought on ecosystem NPP (Ciais et al. 2005). Similarly,
Zhengchao et al. (2011) have reported impacts of precipi-
tation and temperature on ecosystem NPP. The previous
17 years trend analysis has also shown that 11.8% of the
watershed area have experienced significantly increasing
trend in NPP while only 2.4% have experienced statisti-
cally significant reduction in NPP. The remaining area
have showed a tendency of increment and reduction
which is not statistically significant (Table 2). Spatially
speaking, significant increasing NPP was observed in
sub-Afroalpine and Alpine ecosystems around Mount
Guna and some patches around Lake Tana (Fig. 6). Simi-
lar to current study, Feng et al. (2013) has reported that
significantly increasing NPP was an indication of ecosys-
tem restoration emanated from watershed intervention
strategies and prevailing climatic scenarios.

Vegetation changes across slope gradient and agroecology
In Ethiopia, integrated soil and water conservation pro-
grams have emphasized on the rehabilitation of degraded
land at hillslopes which is highly affected by aggregate
impacts of topography, erosion and farming activities.
Changes in vegetation greenness have shown spatial het-
erogeneity across slop classes (Table 3). From observed
significant increasing vegetation pattern, areas that have
slope gradient greater than 20.0% have accounted only
11.8% area of the watershed. The change is manifold at
low slopes which accounts 60.7%. In steepest slopes, areas
that have experienced increasing pattern are lower than
areas that have experienced decreasing vegetation green-
ness. This indicates that, at the steepest slopes where
there is rainfed agriculture and intense erosion hazard,
still there is no sufficient regeneration of vegetation as a
result of integrated soil and water conservation programs
implemented in the watershed. Integrated soil and water
conservation measures implemented at highland areas
was basically emphasized on implementation of physical

Table 2 Watershed level trend in vegetation productivity
(NPP)

Trend type Area in hectares % of total area
Significant increase 51,4129 1.8
Significant decrease 10,698.6 24
Non-significant increase 236,360.5 54.0
Non-significant decrease 132,544.1 303
No trend 6637.1 1.6
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structures to halt erosion rather than integrated use of
area closure and vegetative measures for vegetation reha-
bilitation (Genene and Abiy 2014). A study by Getachew
et al. (2016) reported that even physical soil and water
conservation measures installed in some watersheds is
not to its technical standards to control soil erosion and
foster ecosystem rehabilitation. Efficiency of ecosystem
restoration and ecosystem carbon fixation was signifi-
cantly affected by appropriateness of restoration mecha-
nisms for local agro-climatic situations (Feng et al. 2013).

Similar to EVI across slope classes, there is significant
decrease in NPP across steep slopes which is greater than
areas that have experienced increasing trends in NPP.
Vast expanses of low land areas with lower slope have
also experienced significant increment which is greater
than areas that have decreasing trend (Fig. 7).

Observed trends of NPP have variability across agro-
ecological classes of the watershed (Table 4). Larg-
est significantly increasing NPP trend was observed
in Dega (mid highlands) while little patches of Wurch
(Alpine) and High Wurch (Afro-Alpine) agroecologies
have experienced increasing trend. Contrary to this, sig-
nificantly decreasing pattern of NPP was only observed
in Woina Dega (Subtropical) agroecological part. This
can be attributed to expansion of agricultural and urban
areas which are devoid of trees that can negatively con-
trol biosphere carbon fixation. As reported by Lemlem
et al. (2017), agricultural expansion has reduced woody
biomass production. More importantly, most farm plots
were devoid of broad leaf woods which intern reduces
NPP at areas with intensive agriculture (Binyam et al.
2015). As reported by Genene and Abiy (2014), Woina
Dega (mid-highland) agroecology areas were challenged
by population pressure, absence of integrated use exotic
and indigenous with biophysical soil and water conserva-
tion practices. Most parts of Woina Dega and Dega agro-
ecological areas of the watershed have experienced both
tendency of increasing and decreasing trend however the
changes are not statistically significant.

Vegetation disturbance

Time series vegetation disturbance index results indicate
that in Guna-Tana watershed, since 2001, vegetation dis-
turbance index values were at range of natural variability.
Deviations of yearly vegetation disturbance values from
long-term mean disturbance index was not far from + 1
standard deviations. Watershed level raster cell statistics
of maximum and minimum deviations were presented in
Table 5.

As indicated on Table 5, negative values were indica-
tions of tendency of positive vegetation disturbance.
Though this is the truth, magnitude of vegetation regen-
eration is not out of the bound of natural vegetation
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Table 3 Vegetation change across slope gradient
Observed trend Low slope Medium slope Steep slope
Area (ha) % age Area (ha) % age Area (ha) % age
Significant increase 25,296.5 60.7 11,483.7 27.5 49252 11.8
Significant decrease 1529779 58.6 70,908.5 27.2 36,9914 14.2
Non-significant increase 28,948.5 544 15,7071 295 8521.2 16.0
Non-significant decrease 40,978.8 519 24,0109 304 13,9494 17.7

variability (as its deviation is not greater than + long-
term disturbance values). Similarly, vegetation degrada-
tion is also under the natural range of variability except in
2005, 2006 and 2016 at very small number of pixels. The
spatial nature of vegetation disturbance within analysis
period is presented in Fig. 5.

As indicated in Fig. 5, red colors indicated positive dis-
turbance values which connotes tendency of decreas-
ing vegetation while tendency of increasing vegetation
regeneration have negative values with green color. As per

this, northern, north eastern and eastern highlands of the
watershed have showed persistent tendency of increasing
vegetation but it was not beyond natural variability. Dur-
ing field observation it was evidenced that picks of Guna
mountain were subjected for area closure conservation
where vegetation is under regeneration. In the lowland
parts of the watershed there is intensive agriculture where
large part of biomass is crop residue and is not perma-
nently recycled to ecosystem, since it is used for animal
fodder. Similar to this finding, a study by Essayas et al.
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Table 4 Vegetation productivity change across agroecology
Observed trend wD % area DE % area wu % area Hiwu % area
Significant increase 5745.6 1.2 39,2283 76.3 6339.9 123 99.1 0.2
Significant decrease 10,698.6 100.0 - - - - - -
Non-significant increase 106,193.8 450 114,316.8 484 12,7789 54 2674.7 1.1
Non-significant decrease 119,369.0 90.1 11,986.4 9.0 891.6 0.7 297.2 0.2
No change 4061.5 61.2 2377.5 358 198.1 3.0 - -
WD is for Woinda dega, DE for Dega, WU for Wurch, Hi WU for High Wurch
Table 5 Vegetation disturbance
Year Minimum deviation Maximum deviation Year Minimum deviation Maximum deviation from long
from long term mean from long term mean from long term mean term mean

2003 —0.69 0.88 2010 —0.74 0.77
2004 —067 0.51 2011 — 051 0.71
2005 —0.59 142 2012 —054 043
2006 —0.64 1.54 2013 —0.51 0.56
2007 —049 0.98 2014 — 052 0.60
2008 —0.49 0.98 2015 —046 0.59
2009 —054 0.58 2016 — 046 267

(2014) in broader Blue Nile Watershed has claimed that
part of Guna-Tana watershed has not experienced vegeta-
tion regeneration greater than natural variability. As results
presented in Fig. 8, except small patches of the watershed,
the disturbance is within range of natural variability.

Discussions

The results of this study brought some clues on previ-
ous soil and water conservation programs implemented
in Guna-Tana watershed. Firstly, increasing in vegetation

greenness has spatial variability that it is realized in
places where area closure was implemented. Studies
undertaken in some parts of Ethiopia claimed that area
closure is found effective for positive vegetation recla-
mation and biomass fixation in the soil (Mekuria and
Aynekulu 2011; Wolde and Mastewal 2013; Abera and
Fitih 2015). In other words, collective physical soil and
water conservation measures and community based
reforestation programs were encountering problems of
implementation in terms of technical specifications and
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community acceptance (Waga et al. 2007; Abera and
Fitih 2015). This hinders vast expanses of Guna tana
watershed for not experiencing profoundly significant
vegetation regeneration and changes in NPP which is a
prime indication of ecosystem health. A study by Simane
and Zaitchik (2014) supported the findings of this study.
Accordingly, CNRM in northern Ethiopian highlands is
reported unsustainable and even natural resources man-
agement institutions were at risk of unsustainability. Lack
of institutional capacity and livelihood problems were
challenging implementation process. In some watersheds
where non-governmental organizations respond to sup-
port soil and water conservation programs and livelihood
support system, there was intended watershed rehabili-
tation and positive biomass change (Essayas et al. 2014;
Gebregziabher et al. 2016). This indicates that beyond
inception of soil and water conservation programs in the
watershed for rehabilitation and vegetation restoration,

institutional capacitation and community based aware-
ness and mainstreaming of conservation activities with
rural livelihoods.

Conclusion

Though there are various soil and water conserva-
tion programs implemented in Guna-Tana watershed,
within past 17 years, large areas of the watershed have
not experienced uniform changes in vegetation regen-
eration and watershed level vegetation productivity. Very
small parts of the watershed experienced statistically sig-
nificant increasing vegetation regeneration trend while
vast expanses have showed decreasing trend. Similarly,
ecosystem productivity (NPP) has also showed similar
trends with indices used to show vegetation regenera-
tion. Analysis segregated to slope classes has showed that
watershed areas with medium and steep slope have expe-
rienced decreasing pattern with large share of area than
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increasing trend. This was also evident in Wurch (Alpine)
and High Wurch (Afro-alpine) agroecologies which are
fragile and sensitive ecosystems. Generally speaking,
except very small patches of the watershed, vegetation
regeneration and watershed level ecosystem productiv-
ity trend was decreasing in vast expanses of Guna-Tana
watershed. These spatial differences might be resulted
from variability of watershed level intervention strategies
in terms of intensity, conservation type and sustainty of
the program. Results from yearly vegetation disturbance
index is also an indication of unsustainty of soil and water
conservation programs. In some year conservation activ-
ities were implemented in a firm way while in other year
integrated soil and water conservation programs imple-
mentation was loosened. As result, positive vegetation
disturbance and ecosystem rehabilitation shows a dwin-
dling pattern of change which is not significantly greater
than natural range of variability. More importantly, sen-
sitivity of vegetation regeneration for climate variability
might have hindered expected vegetation changes in the
watershed. With these concluding remarks, the follow-
ing recommendations were forwarded for further work.
To envision positive vegetation change, ecosystem pro-
ductivity and reduction of soil erosion, integrated soil
and water conservation programs should focus on inte-
grated use of area closure, biological soil and conserva-
tion strategies and reforestation measures which are
tailored with respective agroecology, slope gradient and
production system of the watershed. More importantly,
community based soil and water conservation activi-
ties that simultaneously integrated livelihoods approach
should be fostered to sustain conservation programs for
long-time. Further studies should also be undertaken to
study plot level effectiveness of soil and water conserva-
tion intervention strategies by using high resolution sat-
ellite imagery and field measurements. More importantly,
adopted soil and water conservation programs accept-
ability by the community in a sustained way should also
investigated by house hold level survey studies.
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