SPIE.

Water productivity of different land

Remote Sensing for Agriculture, Ecosystems, and Hydrology

Amsterdam RAIl Exhibition and Convention Centre
Amsterdam, Netherlands —September 2014

unesp’«

Sao Paulo State University

uses In watersheds assessed from

satellite Imagery Landsat 5 Thematic Mapper

Renato A.M. Franco?, Fernando B.T. Hernandez*?, Antonio H.C. Teixeira®

ab UNESP - Universidade Estadual Paulista, Ilha Solteira, Sdo Paulo,

Brazil

1. INTRODUCTION

he parameters of water productivity on large scale is an important tool to support the planning of
agricultural policies and decision making about the use of natural resources. The water applied to
plants provides increase of biomass production (BIO) and evapotranspiration (ET) rate in a large
scale. For the determination of WP, evapotranspiration (ET) to be quantified. The SAFER (Simple
Algorithm for Retrieving Evapotranspiration) allows to estimate ET using the Penman-Monteith
equation In conjunction with biophysical parameter data generated through the use of remote

sensing. The objective of the research is to determine the spatial and temporal water productivity
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In the northeastern Sao Paulo State, the image of March (2004/80) showed high value of BIO
due to the rainy season In the region. In the dry season there is a reduction in the value of BIO
In watershed, the values of BIO are high in irrigated areas due to the daily Irrigation center

pivots.
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In watersheds with

different types of use and occupation of land in their driest conditions, during

the period 1997-2010, using Landsat TM-5 together with the Monteith model to estimate the

Figure 3. Spatial distribution of the value of
the NDVI for the watersheds during the years
from 1996 to 2010, for every day of the year
(DOY), average NDVI and SD value.

Figure 4. Spatial distribution of the value of
BIO for the watersheds during the years from
1996 to 2010, for every day of the year (DOY),
average BIO and SD value.

parameters of BIO and SAFER for determination of ET on a large scale.

2. MATERIAL AND METHODS
The three watersheds summed up a total of an area of 103.10 km? and have different types of use
and occupation of land occupied mostly by pasture and irrigated agriculture that began in 1997,
due to favorable growing conditions, with water availability, relief and soil fertility (Figure 1).
Other types of land use are sugarcane and natural vegetation, the later with lowest area. One
automatic agrometeorological station was used together with 14 Landsat images for the periods
of water deficit from 1997 to 2010. Figure 2 shows the schematic representation of the

calculation of the water productivity.
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Figure 1. Location of the research area.

Figure 2. Schematic flowchart for calculation of
biophysical water productivity (WP) based on
evapotranspiration (ET).

3. RESULTS AND DISCUSSION
Figure 3 presents spatial variation of the NDVI values and the average for each JD/year of the

assessed watersheds. The average study period was 0.40, the lowest mean value was 0.31 and

occured In 2008.

he highest value occurred in 2001, with an average value of 0.53 (Figure 3).
Analysing only irrigated crops, in 1998 (DJ: 208) the are irrigated by center pivots presented In
average 116.4 kg hatld?! (SD: + 21.4) and in 1999 it was 76.2 kg hald! (SD: £ 44.7). In
September 2000 (JD: 261), the maximum value was 277.4 kg had! and an average of 142.8

(SD: £ 64.2) (Figure 4).
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Figure 4 the spatial distribution of the ET mean values for the period 1996-2010. The highest
mean values of ET occurred in 2000 (SD: +1.26), because the area Irrigated by center pivot
that averaged 2.2 mm-1 d-1 (SD: +£1.4). Mean values of ET showed an increment of 153.2%
during the period 1997-2010, with the irrigated areas this increases in ET the values of

watersheds.

1996/218 ]997/237 1998/208  1999/211 2000/261 2001/152 2003/286 ET

mm d !
4.34

32
3.10

1996/218

1997/237 1998/208 1999/211  2000/261 2001/152 2003/286

(VR - oy -
(5 T A 2 Ly
A . 4 ¥,
e
e > - iy
J

: 4 .; / ' : g e ] “f
0.77£0.57 1.16£0.83 1.14£0.76 1.09+0.74 2.08+1.26 1342078 1.63+1.07 2.34+093 224+1.00 2.82+1.15 263+1.30 2. 77i| 33 3.08+122 1.87+0.90

2004/80 2005/227 2006/[ 18

-2.48
- 1.86

2007/249 2008/267 2009/238 2010/177

oiie P - 1.78
4 lo.89
0.00

235+£1.01 2.40+1.19 2.75£1.06 2.12+0.94 166+£099 230+122 2 97+1.52

2004/80  2005/227  2006/118 2007/249  2008/267  2009/238 2010/177

..'\ ’v ‘ ¥ -~ P, ‘s »ﬁ.‘l - 3 _-A-
» ; ! " % : e
R A »"’ S o il Wy A -."",Lf Y
o G &4 e R Y N L RSOy ¢ s = o L2
) X e 2 b £ B\ Y 2 ‘« oy . e W
B, o o B o P ~ - I e A
[ S0 0 k] ¥ ™ 3 e (s £ = o e
F 3 ; o L S - e T 6 I
N \ f > i S e I g " L8
% 2 ey Mg~ b LT R o oy
. - ™ o ymr Y w
o P> 2 o 8 %
i e g
& . > R
a7

- 1.24
- 7 “3e I0.62
196107 1.55£1.03 0.89£0.55 104£0.80 2.0341.64 1732118 1275088 0.00

N UTM
@ Datum WGS 84
1: 700000

N

®

UTM
Datum WGS 84
1 : 700000

Figure 5. Spatial distribution of the value of
evapotranspiration (ET) for the watersheds
during the years of 1996 to 2010, for every
day of the year (DOY), average ET and SD
value.

Figure 6. Spatial distribution of the value of
WP for the watersheds during the years of
1996 to 2010, for every day of the year
(DOY), means WP and SD value.

The maximum WP value occurred in June/2001, with 3,08 kg m= (SD: +£1.22), the second
highest value was in 2010 (June), with a value of 2,97 kg m=3 (SD: £1.52) (Figure 6). Irrigated
agriculture show the highest WP value in 2010, with maximum value of 6.7 kg m-3and mean
value of 3.1 kg m3 (SD: £2.0). The lowest WP was obtained for images of DOY 249
(September, 2007) and 267 (September, 2008), because of the dry season with low soll

moisture conditions, with 90 and 120 days without rain above 10 mm, respectively.

4. CONCLUSIONS

The mean values of ET showed an increase of 153.2% during the period 1997-2010, with the
Irrigated areas this increase Iin ET values Iin watersheds. SAFER model was efficient for the
study and to identification of the thermo-hydrological conditions of the images evaluated In
the dry season. WP values were higher in the irrigated, mainly in the crop production and

reduction during the fallow period, represent by pixel reddish.
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