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Fig 1. Location of the study area, characteristics of sampling sites and location of transects and plots
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Table 2. Correlation of vegetation indices with Production of growth forms and total to determine the best index for

modeling
S A slagasls
Js lagsla A8 e SleoS
*/AY AR /8N AN Normalized Difference Vegetation Index (NDVI)
/A0 /YA YY Ya\s Difference Vegetation Index (DVI)
/A0 AR AR YAY Renormalized Difference Vegetation Index (RDVT)
+/AO AN AR N Greenness Index (GI)
/e AL Al AL Iron Oxide (I0)
VA AR AN C/EA Infrared Percentage Vegetation Index (IPVI)
/A A A /LA Land Surface Water Index (LSWI)
Ay AR AN /et Modified Infrared Ratio Vegetation Index (MIRVI)
YV +/Yo0 AR /N Green Normalized Difference Vegetation Index (GNDVI)
e AN /YA /0N Modified Normalized Difference Vegetation Index (MNDVT)
YV AR YA +/o Transformed Normalized Difference Vegetation Index (TNDVI)
+/OA /YY AR /Yo Potential Difference 311 (PD311)
yar </YY AR /Y0 Potential Difference 312 (PD312)
Ay oYY VAR A Potential Difference 321 (PD321)
A AN A +/OA Soil Adjusted Vegetation Index (SAVI)
A% AR AR +/OA Optimized Soil-Adjusted Vegetation Index (OSAVI)
oA AR Al A¥) Vegetation Index 1 (VI1)
/A AR /¥ VY Vegetation Index 2 (VI2)
+/AY AR AN Ve Vegetation Index 3 (VI3)
VY YE /Y4 AN Ratio Vegetation Index (RVI)
o /VY YV AR +/Y0 Normalized Ratio Vegetation Index (NRVI)
VY AR DAL /0 Transformed Vegetation Index (TVI)
&:{Lntgwﬁj(ajfjl;s\/'\'\t:‘\j&bo@ﬂ&e‘r;% adllas 3550 adae Gl S s e 6“;’;‘.’ BUPY
JS g i culg 5o s S s p SAS f0A L R e pp e M pelie (Y S A ol

AR

YAOY G v s Ol 1 Leld (ald alol gilude bl
O Ok gl & o



e Sl el b e o a3l 5 (3led il

5 ey pla Tl a g

J=Sa g3 p Sl
P YA
-
01285 5 75 10

Km *

JEET PP XX
AR

-
} e Mg ¥
s 012825 5 75 10 % ¥

()l:ﬁ)ar;)l:fwﬂ)Jf;@'«;_)JLgLaDéj‘&ﬁ.Qj,\dba&djbd.ughd.&.\'Jg.i

| ol s s

S5 3 Fyls
P ALY

B | Lmcshatint mpa il dedyl Sedys

Km L Y

Fig 2. Derived maps of the growth forms and total Production (Kg/ha).
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Table 3. Summary of regression models and assessment of modeled maps of the growth forms and total Production
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Abstract

The aim of this study was to estimate the aboveground
net primary production (ANPP) of life forms and total
ANPP using Landsat 8 images in Siahpoosh and
Ganjgah rangelands of Ardabil province. Field sampling
was conducted in June 2019 and a satellite image was
received at the same time. Seven sampling sites was
selected, and three 100-meter transects parallel and
perpendicular to the slope direction was established in
each sites, and along each transects from 10 plots
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(1m2), the ANPP of life forms with random-systematic
method were collected (210 plots in total). Then, 22
plant indices were selected according to previous
references and calculated for the region. Next, the
correlation between the ANPP of life forms and total
ANPP with plant indices was calculated and the plant
index with the highest correlation was selected for
modeling. The first-order linear equation was used for
modeling and the equations were estimated in ArcMap
software as a map. The results showed that among the
studied indices, NDVI was the most appropriate index
for modeling; however, the highest correlation of this
index was with total ANPP (0.88), and grasses ANPP
(0.78); while it had less correlation with the forbs ANPP
(0.41), and shrubs ANPP (0.31). The range of changes
were 0 to 1857 kg/ha for grasses, 9 to 766 kg/ha for
forbs, 0 to 458 kg/ha for shrubs, and 9 to 3081 kg/ha for
the total ANPP. The accuracy of the models was
evaluated by RMSE, MDE and MAE criteria and the
accuracy was acceptable. Also, there was essentially no
difference between the mean of real and modeled data.
The results of this study can be used to balance the
supply and demand of rangeland production for
sustainable development of rangeland ecosystems.

Background and purpose:

The Aboveground net primary production (ANPP), a
difference between CO, fixed by plants and CO, lost to
autotrophic respiration, is a good indicator of the
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productivity of rangeland ecosystems, and their
contribution to the cycling of carbon in the Earth
system. In other words, ANPP is defined as the amount
of energy produced by plants minus the amount energy
consumed through respiration, and it is one of the most
important quantitative characteristics of a rangeland
ecosystem. Because it is the result of carbon exchange
between the atmosphere and the biosphere, as well as a
sign of health and ecological balance. Monitoring
vegetation cover is an important part of rangeland
management. Because vegetation cover is the most
effective indicator for identifying land degradation and
gives information that helps to understand climate and
human impacts on rangeland condition. Land cover
quantification as ANPP is one of the most extensively
utilized criteria by rangeland managers in rangeland and
ecosystem management. Traditional field-based
techniques based on real field work and direct ground
cover measurement, and remote sensing methods based
on measurements without rangeland alteration or with
little field labor, are the two main groups of rangeland
monitoring and assessment strategies currently
available. As a result, satellite data is extremely useful,
especially when studying large or inaccessible areas.
Hence, large-scale field activities can be done at a lower
cost. Vegetation indices, which represent vegetation's
photosynthetic activity, are increasingly being employed
for remote monitoring of rangeland ANPP. Since
measuring the ANPP across a vast area by field methods
is expensive and time consuming, remote sensing allows
it to be studied more thoroughly. Therefore, the purpose
of this research is to find the optimal Landsat 8
vegetation index for modeling ANPP of life forms and
total ANPP, and b) to estimate the ANPP of life forms
and total ANPP using plant indices of Landsat 8 images
in Siahpoosh and Ganjgah rangelands of Ardabil
province.

Materials and methods: The study area was Siahpoosh
rangelands of Nir county and Ganjgah rangelands of
Kosar county in Ardabil province. According to De
Martonne's method, the climate of the region is semi-
arid and super-cold, whereas according to Emberger's
method, the climate is cold and semi-humid. The
minimum and maximum altitude of the region varies
between 1168 to 2457 meters above sea level, with an
average annual rainfall is 352 mm and the average
annual temperature is 8.5°C. The soil in the study area
has a significant depth with a medium or loamy clay
texture and is relatively fertile. Field sampling was
conducted in June 2019 and a satellite image was
received at the same time. The image of the study area
was completely cloudless. Meteorological stations in the
area had not recorded any precipitation events 15 days
before the image was taken. Ground control points were
used to match image coordinates. DN values were
converted to ground reflection using Landsat parameter
metadata. Seven sampling sites was selected, and in
each sites three 100-meter transects parallel and
perpendicular to the slope direction was established, and

the ANPP of life forms were collected using a random-
systematic method along each transect from 10 plots
(210 plots in total). Then, 22 plant indices were selected
according to previous references and calculated for the
region. The correlation between the ANPP of life forms
and total ANPP with plant indices was calculated and
the plant index with the highest correlation was selected
for modeling. The first-order linear equation was used
for modeling in MATLAB R2018a using fitting tools,
and the equations were simulated in ArcMap software
as a map.

Results and discussion: The results showed that NDVI,
GNDVI, VI3 and VI2 indices had the highest
correlation with the grasses ANPP. NDVI, MNDVI and
TNDVI indices had the highest correlation with the
forbs ANPP. NDVI, RDVI and DVI indices had the
highest correlation with the shrubs ANPP, and NDVI,
DVI, RDVI and GI indices had the highest correlation
with total ANPP. In this work, the vegetation indices
were derived using a combination of visible and infrared
bands, indicating the sensitivity of the bands to green
vegetation. Because the NDVI index had the highest
correlation with the ANPP of life forms and total ANPP,
forecast maps were created using this index. The
correlation between this index and the ANPP of grasses,
forbs, shrubs and total ANPP was 0.78, 0.41, 0.31 and
0.88, respectively.  Because the NDVI index is
particularly sensitive to vegetation changes and exhibits
a strong correlation, it is commonly used to estimate and
monitor ANPP and canopy cover, especially in high-
density vegetation. The range of changes were 0 to 1857
kg/ha for grasses, 9 to 766 kg/ha for forbs, 0 to 458
kg/ha for shrubs, and 9 to 3081 kg/ha for the total
ANPP. The accuracy of the models was evaluated by
RMSE, MDE and MAE criteria and the accuracy was
acceptable. Based on the mean values of the field data
and the values of the modeled maps, the difference
between the real value and the model for ANPP of
grasses, forbs, shrubs, and total ANPP was around 0
kg/ha, and no difference was detected. As a result of the
findings, simulated models can be employed to predict
the ANPP of life forms and total ANPP in the study
area.

Conclusion: In this study, the authors proposed Landsat
8 images due to the ease of receiving and free data, and
selected linear regression model due to high-accuracy
for ANPP prediction. However, it should be noted that
ANPP changes are affected by various factors of
topography, climate, soil, and etc., which have not been
considered in the present study and the need for future
research in this field. Each vegetation index also
indicates a specific feature of green vegetation; this
means that it cannot be said with certainty that the
indices and models used in the present study for all
regions can provide the desired result. Therefore, more
studies will be needed in this field. In general, it can be
said that finding correlations between satellite data such
as vegetation indices and estimating ANPP and
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modeling will be easier than time-consuming and costly
field projects. The results of this study can be used for
supply and demand balance of rangeland ecosystems,
which are potentially important tool for sustainable
development. With the development of hyperspectral
and multispectral remote sensing technology, new

vegetation indices can be developed that expand
research topics.

Keywords: Vegetation indices, Landsat 8, life forms,
Ardabil rangelands
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