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AHHoOTauus

KULnok xy>kanurm aKMHNapuHU Ky3aTull MamiakaTHUHE KULLIOK XY>KanurmHu pyUBOXIAHTUPULLAA KaTTa axamusitra ara
xucobnaraau. Byfaon xocunaopnurnHu mwinat Yikapul Ba Galiopar KuiuL MUnui Ba xankapo uktucoanértra Geeocuta
TaboMp KypcaTnb, Y36ekcToHa 031K OBKaT TabMUHOTHY BOLLKapULLAa MyXUM porb YIHaNAW. X03upru kyHaa Y3bekucToraa
[asnat Myacacanapu Ba doepmMepriap TOMOHVAAH OyFA0N XOCUNAOPUIMHM OLUMPpULLITa KaTTa axaMusaTt 6epunmMokaa. by MwHuHr
Makcagu TOLLKEHT BunoaTuaary 6yFaoM XOCUnaopnurHn Beretaunst aspuaa Gallopartnall ycynnapvHu ypHaHuwaaH nbo-
patavp. Ywoby nanaHuwaa kynnaHmnagurad €HAoLLYB, KULIIOK XY»KanvK 3KMHNapy puBOXNaHULLIM Mogenura acocaH, 06- xaBo
TabCUPWHU 3KUH PUBOXITAHMLLMIA MUKOOPUA 6axo 6epa onaau. TolwKeHT BUnoaTuaaru 6yroon xocungopnurura 6axo 6epuwiga
YCUMIKK YCULLM Ky3aTyB cMCTEMacu Ba MacodazaH 3oHanawl Mogennapu vwnatunagn. Taxnunuii HaTukanap, CTaTUcTuK
MabryMoTrnap Ba OyFol XOCMnaopnuk napaMmeTpnapu (kv nHaekcnapu) opacuaa mkobun koppensums (R?=0.87) Hu kypca-
Tagu.

Abstract

Monitoring of crop conditions is important part for the agricultural development system of the country. The production and
prediction of wheat yield have direct impact on national and international economies, and play an important role in the food
management in Uzbekistan. Today wheat yield production in Uzbekistan is receiving considerable attention from governmental
organizations and farmers. The objective of this study is to investigate how we can best predict wheat yield during the vegetation
period in Tashkent province. The approach used in this study is based on a crop growth model which is able to quantify the
effect of weather conditions on crop growth. The model focuses on indicators from Crop Growth Monitoring System (CGMS)
and Remote Sensing data to use year to year variation of wheat yield in Tashkent province. The results showed the positive
correlation between the predicted yield and field data (R? = 0.87) and indicators maximum NDVI and maximum DMP which are
driven from remote sensing data are performing the best at regional level.

AHHoOTauusa

MOHUTOPWHI YpOXaMHOCTU CEMbCKOXO3ANCTBEHHBIX KYNbTYP UMEET BaXXHOE 3HaveHue ANns pasBuTUsi cTpaHbl. Mponssoa-
CTBO M NMPOrHO3MPOBaHWE YPOXKAMHOCTM MLLEHWLbI UMEIOT HEMOCPEACTBEHHOE BINUSHME HA HALMOHamNbHY U MEXOYyHapOaHY0
3KOHOMMKW, U UTPAET BaxKHYI ponb B yrnpaBneHun obecneyveHnss NpoaoBonbCTBUEM B Y3beknctaHe. B Y3bekncraHe ocoboe
BHUMaHMWE yaensieTcs Npon3BoACTBY MLIEHULbI CO CTOPOHBI FOCYAAPCTBEHHBIX YYpexaeHui n epmepos. Llenbto gaHHoro uc-
crnefoBaHUs SIBMSIETCHA U3yYeHMe HaumyyLllnX METOA0B NPOrHO3UPOBaHNS YPOXANHOCTY MLUEHNWLbI B TEYEHUW BErMTALMOHHOIO
nepuoga B TalukeHTckow obnacTtu. Noaxod, ucnonb3yembld B JAaHHOM WCCIEf0BaHWMM, OCHOBaH Ha MOLENW pa3BUTUS Cenb-
CKOXO3SMCTBEHHbIX KynbTyp, CNOCOOHOM AaTb KONMYECTBEHHYO OLIEHKY BIUSHUS NMOroAHbIX YCNOBUIA Ha nx pa3sutme. Mogenb
ncnonb3yeT uHamkatopbl MOHUTOPUHIOBON cuctemMbl pa3Butus pactenun (CGMS) n AaHHble AUCTAHUMOHHOTO 30HAMPOBaHUS
[ONS OLEHKM YPOXXaNHOCTU NiLeHWLbl B TallkeHTCKon obnacTu. Pe3ynbraTel aHann3oB nokasanu NofioKUTENbHY Koppensaumo
(R? = 0,87) mexay CTaTUCTUYECKUMWN AAHHLIMW U NapaMeTpamu (Unv MHAeKcaMm) ypoXaiHOCTMN MLIEHNULbI.

Introduction. Uzbekistan is a good example in changing
agricultural land use in Central Asia. An introduction of
winter wheat in the irrigated areas at large scale for reasons
of food security was started in 1996. In the past, basically,
the wheat consumed in Uzbekistan was imported either from
Russia or neighboring Kazakhstan. In Uzbekistan the area
for winter wheat production has increased from 0.61 million
tons in 1991 to 8 million tons in 2015 according to National
Statistical Committee of Republic of Uzbekistan (NSC,
Uzbekistan 2015). Wheat production in Uzbekistan for 2011-
2014 was estimated at 6.8-7.6 million tons (NSA, Uzbekistan,
2007). In order to improve land use, it is suggested to develop
or introduce a yield forecasting system in Uzbekistan. The
European Commission launched the Monitoring Agriculture
with Remote Sensing (MARS) project in 1988 in order
to predict crop yields, crop areas and crop productions.
Currently, some research centers are also using the CGMS
model to predict crop yields in Central Asia. However, this
is still a prototype. Because of the importance of wheat for
Uzbekistan, the adaptation of current model will provide for
national level a tool to predict the wheat production in the
following years. Improved understanding of the potential

effects of climate change on crop yields is central to planning
appropriate and timely responses. Numerical models that
emulate the main processes of crop growth and development
rely on prediction method. The main objective of this model
is to generate country-wide information during the wheat
cropping season on the state of the crops and yield outlook.
This approach is based on crop growth simulation to quantify
the effect of weather conditions on crop growth and on
statistical analysis of the selected years of crop model output
and observed regional yields.

Methods and materials. The study area for the forecasting
model to be adapted in Tashkent province, Uzbekistan
locates in the south of Kazakhstan, north of Turkmenistan,
and on the western borders of Tajikistan and Kyrgyzstan
(Fig. 1). The climate of Uzbekistan is continental, with hot
summers and cool winters. Summer temperature reaches
40°C, averaging 32°C. Winter temperature reaches —23°C,
averaging —12°C. Rainfall varies between 100 millimeters
per year in the northwest and 800 millimeters per year in the
Tashkent province. Precipitation is mainly in the winter and
spring. Arable land: 10.51%, permanent crops: 0.76%, and
other: 88.73% (2005) (Wikipedia, 2007).
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Figure 1. Map of Tashkent province, Uzbekistan
The yield prediction system used in the European Union
also known as the Crop Growth Monitoring System (CGMS)
has been adapted to run for Tashkent province. The main
objective of CGMS is to monitor agricultural season conditions
over the whole of the European Union (EU) and neighboring
countries, and to make quantitative within season yield
forecasts at regional and national scale for specific crops.
CGMS uses daily meteorological observations from a network
of some 2000 weather stations to estimate crop status under
water-limited and irrigated (potential) conditions in the course
of the growing season and to estimate final crop yield at the
end of the season.

The main agricultural crops in Tashkent province are winter
wheat and cotton. This study is focusing on winter wheat,
mainly in irrigated winter wheat in slopes is producing. The
winter wheat season is starts in September and harvested in
June. In study the data of 10 years (1997-2006) was applied.
Total area (in 2006) under winter wheat in Uzbekistan was
about 1,2 million (NSA, Uzbekistan, 2007). This data is for
all regions and is called national and regional level in the
CGMS model. The French government has undertaken the
development of the Systeme Pour

I'Observation de la Terre (SPOT) program. (http://www.
agrecon.caberra.edu.au/products/Satellite_Imagery/Spot_
Veg/Spot_Veg.htm). The SPOT program was conceived

by the Centre National d’Etudes Spatiales (CNES) and
has developed into an international program with ground
receiving stations and data distribution outlets in more than
30 countries. The Vegetation Instrument system is the result
of a co-operation between the European Union, France,
Sweden, Belgium and Italy. It aims at ensuring a regional and
global monitoring of the continental biosphere and its crops.
In this study an operational approach was developed using
time series of Normalized Difference Vegetation Index (NDVI,
Fig.2) and Dry Matter Productivity (DMP) derived from SPOT-
Vegetation using the crop yield forecasting tool in Uzbekistan
during a nine-year period (1998-2006). The starting point is
a series of geographically congruent and periodic (mostly
10-daily) images over the area of interest. The NDVI values
vary from 0.15 for bare soils to +0.80 for full green vegetations,
with all gradations in-between.
NDVI = (ANir - ARed) / (ANir + ARed) (1)
Red and Nir stand for the spectral reflectance
measurements acquired in the red and near-infrared
regions, respectively (Fig.2). These spectral reflectance’s are
themselves ratios of the reflected radiation over the incoming
radiation in each spectral band individually; hence they take
on values between 0.0 and 1.0. By design, the NDVI itself
thus varies between -1.0 and +1.0. NDVI indicators may be
used for estimating deviations from the year to year yield
trend (Bouman et al., 1992; Boogaard et al., 2002). Focus in
this study will be on relating NDVI indicators to yield residuals.
To predict wheat yield indicators should be selected that
have good correlation between the residuals from the trend
and indicators (NDVI or DMP) from the SPOT-Vegetation.
SPOT-Vegetation data were used as a basis for calculation of
remote sensing indicators for crop growth. Maximum NDVI,
maximum DMP and sum NDVI are indicators, which provide
information about wheat yield prediction. The maximum NDVI
is derived as the highest NDVI values over the year and the
maximum DMP is also derived as the highest DMP values
over the year. However, sum of NDVI is integrated NDVI
values over the year. At last, was built the yield estimation
model based on linear regression analysis between the
indicators and residuals just mentioned. These are combined
with trend yield, residuals from the trend and satellite based
indicators to forecast yields.
CGMS uses a running time series

of yield statistics of at least 10 years
to determine a linear technology trend
assuming that the trend is stable over this
period. The time series of crop simulation
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absorption residual deviation. The system selects
bands

the best predictor out of four CGMS crop
indicators (simulation results):

-CGMS_WYS: Uses as predictors
the simulations of the total weight of the
storage organs (grains) for wheat under
water limited conditions

-CGMS_WYB: Uses as predictors
the simulations of the total weight of the
above ground biomass for wheat under
water limited conditions

Results and Discussion. In this
study our analyses showed that results
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Figure 2. General overview of the Normalized Difference Vegetation Index
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level. The model results show in total
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Comparison of predicted yield and field data collected in 2007
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Figure 3. Correlation between predicted and field data yield for 2007

five indicators: CGMS_WYB and CGMS_WYS and SPOT
Vegetation indicators: max_NDVI, max_DMP and sum_
NDVI. For Tashkent province only two indicators WYB and
PYB show 0.31 and 0.32 RMSE of predicted values biomass.
The results of the CGMS illustrate lower production than the
trend that explains better year to year variation in Tashkent
province. In this case trend shows a lower value than the five
indicators. For that reason the trend would be a second option
as representative indicator for this region, to explain year to
year variation for this season and period. However, indicator
max_PYB showed best trend for Tashkent province (Fig.3).
The results represents correlation between statistical of
winter wheat yield data and CGMS model data during 1996-
2006. In general, the results indicate positive correlation
between fitted yield and field data, i.e. R? equal to 0.87 (Fig.
3). In this study the we investigate whether indicators from
CGMS or SPOT-Vegetation data can be used in a regression
model to explain year to year variation of wheat yield in
Tashkent province during the growing season well before
harvest. The strategies for each model were identified and
compared in order to evaluate the appropriate model for this
research. The CGMS Statistical Tool was found more efficient

differ in their growing conditions, i.e. depending
on latitude and altitude (Haverkort 1990). Crop
growth models uses a complex dynamic process (e.g., canopy
growth, tuber formation, senescence of leaves) for predicting
the development of the wheat under different temperature
thresholds, resulting relatively more accurate predictions
using field experiments. However, not all of them may able
to predict the wheat yield in the Central Asia, especially in
Uzbekistan since this country has high variety of soil and
environmental conditions. The CGMS model was adapted for
continental climatic conditions such as in Uzbekistan.

Conclusion. In conclusion of prediction of wheat yield
could provide an example on how model simulations can
be carried out to evaluate the impact of climate change and
potential adaptation strategies This study has been work on
finding out whether indicators from CGMS or SPOT-Vegetation
data can be used in a regression model to explain year to
year variation of wheat yield in Tashkent province during the
growing season and before harvest. The strategies for each
model were identified and compared in order to evaluate the
appropriate model for this research. The CGMS Statistical
Tool was found more efficient to satisfy the objective of this
research. CGMS the indicator PYB performed best at regional
level to explain year to year variation.
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