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ABSTRACTWHEAT YIELD ESTIMATION USING DSSAT CROP SIMULATION
MODEL AND INDICES OBTAINED FROM REMOTE SENSING: ISLAHIYE AND
NURDAGI CASE

Omer VANLI

Wheat is the most important food source in the world, which is cultivated in almost every
region in our country. In 2017, the average annual production in our country is around 20.6
million tons. Along with traditional agricultural production, scientific agricultural techniques
have started to be applied along with developing technology. Crop simulation models, which
are one of the scientific and technological agricultural applications, provide information about
the outputs such as risks and yields caused by the interaction of components such as weather,
soil, management and plant genetics. It is also widely used as a reliable tool for emerging
estimates. DSSAT is an active model developed for IBSNAT, an internationally important
project based on the idea that systems analysis and simulation approach should be used to find
alternative ways to improve agro-ecosystem performances and is currently in use by all
researchers around the world. CERES-Wheat model is a decision support system under the
roof of DSSAT. All growth stages are modeled on the radiation use efficiency (RUE)
approach. The DSSAT model has been successfully applied in field based modeling studies
involving homogenous soil and climatic factors in general after plant variety calibration,
genetic coefficient determination and performance test. Meanwhile, in order to increase the
effectiveness of the models, it is tried to make district or region based researches. However,
DSSAT generally uses spatial analysis, integration with GIS and CRAFT regional estimation
tools to achieve this, especially in this area which is very difficult due to soil heterogeneity.
Another area of using DSSAT model, which can be used in conjunction with global climate
models, is the ability to determine the impact of agriculture in the future. The observed and
measured data obtained from the growth, development and yields of the fields were used to
evaluate the impact of climate change as well as the calibration of the model.

The study area is Islahiye and Nurdag: agricultural plains within the borders of Gaziantep
province. This region is located in a fertile valley between the sof and amanos mountains and
has favorable climate and soil properties for agricultural production. Planned agricultural
production in this region means to grow high quality products of economic value.

Among the total of eighteen wheat fields in the 2016-2017 growing season, high yield (TUKU,
TUKO, TUMA, TUSE) fields were used for model calibration and medium yield (TUSA,
TUBI, TUCE, TUGO) fields were used for model performance testing. Observed and
measured parameters such as temperature, precipitation, relative humidity, sunshine duration
and intensity, pressure, wind speed and direction, and finally evaporation were used from the
climate data. Soil data, which is the most important component in plant production, general
soil information, soil surface information and soil profile parameters such as structure,




structure, pH, organic matter and nitrogen were provided. Management data, which is another
data group, included information such as planting date, planting method, planting depth,
number of plants per m?, fertilizer and irrigation amount, harvest amount and date. Finally, as
the observed data which is the real field data which is important for the comparison of the
model result, the above-ground weight, stem and leaf weight, number of siblings vyield,
biomass, flowering and physiological maturity time and LAI values were formed. The plant
phenology and development (P1V and P1D), then growth (PS5, PHINT) and finally yield (G1,
G2, G3) parameters were calibrated. The performance of the model was evaluated using
RMSE and % error between observed and simulated values. In order to determine the effects
of climate change in the region, the study areas in Islahiye and Nurdag: were examined in the
RCP 4.5 and 8.5 scenarios of 3 global climate models for mid-century (2036-2065) and end-
century (2066-2095). In order to determine the effects of climate change in the region, the
study areas in Islahiye and Nurdag: were examined in the RCP 4.5 and 8.5 scenarios of 3
global climate models for mid-century (2036-2065) and end-century (2066-2095). According
to previous climate change forecasts, global temperature will increase by 2.5 ° C in 2050. The
increase in temperatures predicts that it may reduce future agricultural productivity, especially
in semi-arid regions such as our country.

Apart from all these, another technological tool used in agricultural field is remote sensing
images. It has been shown in many previous studies that the calculation of land classification
and vegetation indices from the radiation reflected from the canopy and thus the regional
yield values can be determined. As in the DSSAT crop model study, fields in the same region
were selected in the yield estimation study by using indexes such as NDVI. Among the data
used, island / parcel numbers, parcel area, sown crop type, irrigated / dry agriculture, yield
values, sowing / harvest dates were selected from farmers' registration system data.As the
processing of this data, the polygons taken from the sites of General Directorate of Land
Registry and Cadastre were converted to .kml format in Google earth program and shapefile
was created in QGIS program and made ready for analysis. Another used data is the landsat
images that were studied on a total of 13 images from 17 November 2016 to 29 June 2017. In
addition, different classification methods such as maximum likelihood, support vector
machines, condition-based, nearest neighborhood were also tested for determination of wheat
fields. Afterwards, semi-automatic classification (maximum likelihood) in QGIS program was
performed. First of all, image conversion and atmospheric corrections were made for this
purpose. After merging all bands, the training shapefile was created. A total of eight machine
learning algorithms were applied for the spatial distribution of wheat. NDVI values were
calculated at 16-day intervals for each field throughout the season and a yield prediction
model was developed with Bootstrapping method. Model formulation with coefficients by
LASSO regression was used for regional yield estimates. Significant values were obtained
from all analysis results. Regarding the genetic coefficients for the Golia variety, the days for
optimum vernalization (P1V) were partially high. The photoperiodic requirement (PID) and
thermal time (P5), which causes grain filling, were also slightly higher. While G1 and G2
were found to be balancing each other, G3 coefficient was found to be good value as a
parameter related to biomass production and plant height. At the end of the calibration, the
measured and simulated values of the maximum LAI were close to each other with -5.26 %
error and 0.21 RMSE, while yield was below the measured value with -11.32 % error and 586
kg / ha RMSE. It showed a close agreement with -9.56% error and 896 kg / ha RMSE in
aboveground plant weight.n According to the results of climate change projection in Turkey's
southeast, in the mid-century (2065) Tmax will increase from 1.6 °C (RCP4.5)t0 2.3 °C (8.5
RCP); Tmin will increase from 0.6 °C (RCP 4.5) to 1.9 °C (RCP 8.5), and at the end-century
(2095) Tmax will increase from 2 °C (RCP 4.5) to 4 °C (RCP 8.5), Tmin will increase from
1 °C (RCP 4.5) to 3.4 °C (RCP 8.5) In the future temperature increase, wheat yield will




decrease in islahiye with 16.3 % by the mid-century and with16.8 % by the end-century. In
Nurdagi, the model showed that it will decrease with 13.4 % in the mid-century and 14.4 % at
the end-century. In relation to the NDVI index results of regional yield research, the
relationship between observed and estimated yields showed a close agreement for both
regions. While it was recorded as RMSE values which were higher at 145 kg / ha for 5 years
in Nurdagi, a closer value was recorded with RMSE at 70 kg / ha in Islahiye. In the Nurdagi
region, the % error between observed and estimated yield ranged from 1.96 % to 10.61 % for
5 years. However, the error in the Islahiye region ranged from 0.81% to 7.65%. As a result, it
has been concluded that the calibrated DSSAT CERES-Wheat model and NDVI indices are
very useful methods and can be used casily for other regions and other plants of our country.
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OZET

DSSAT BITKI SIMULASYON MODELI VE UZAKTAN ALGILAMA

VERILERINDEN ELDE EDILEN iNDIiSLER KULLANILARAK BUGDAY VERIM
TAHMINI: iISLAHIYE VE NURDAGI ORNEG]

Omer VANLI

Bugday iilkemizde de hemen her bolgede tarimi yapilan diinyanin en 6nemli besin kaynag:
durumundadir. 2017 yilinda iilkemizde ortalama yillik dretim miktar1 20.6 milyon ton
civarindadir. Geleneksel tarimsal iiretimle birlikte, gelisen teknoloji ile beraber bilimsel tarim
teknikleri de uygulanmaya baslamistir. Bilimsel ve teknolojik tarim uygulamalarindan olan
bitki benzetim modelleri iklim, toprak, bakim ve bitki genetigi gibi bilesenlerin interaksiyonu
ile ortaya ¢ikan risk ve verim gibi ¢iktilar hakkinda bilgiler saglamakla birlikte ortaya ¢ikan
tahminler i¢in de giivenilir bir ara¢ olarak yaygin olarak kullanilmaktadir. DSSAT, sistem
analizi ve benzetim yaklasim ile agro-ekosistem performanslarim iyilestirmek igin alternatif
yollar bulmak i¢in modellerin kullanilmas: gerektigi fikrine dayanan uluslararasi diizeyde
onemli bir proje olan IBSNAT igin gelistirilmis ve diinyadaki tiim arastirmacilar tarafindan
halen kullanilan aktif bir modeldir. CERES-Bugday modeli, DSSAT catist altinda bulunan
bir karar destek sistemidir. Tiim bilyime asamalari, radyasyon kullamim etkinlifi (RUE)
yaklagimi {izerine modellenmektedir. DSSAT modeli ise, deneysel calismalarla bitki gesit
kalibrasyonu, genetik katsay: tesbiti ve performans testinin ardindan genel olarak homojen
toprak ve iklim faktorleri barindiran tarla bazl modelleme calismalarinda basariyla
uygulanmaktadir. Bu arada modellerin etkinligini arttwmak icin ilge veya bolge bazl
arastirmalar da yapilmaya calisilmaktadir. Fakat 6zellikle toprak heterojenligi nedeniyle
olduk¢a zor olan bu alanda DSSAT bunu gergeklestirmek icin genellikle konumsal (spatial)
analiz, CBS ile uyum ve CRAFT bolgesel tahminleme araglarmi kullanmaktadir. Kiiresel
iklim modelleri ile birlikte kullanilabilen DSSAT modelinin bir diger kullanim alani da,
gelecek zamanlardaki tarimin etkilenme durumunu tespit edebilmesidir. Tarlalardaki biiyiime,
gelisme ve verimde elde edilen gozlemlenen ve olgiilen verileri, modelin kalibrasyonu
yaninda iklim degisikliginin etkisini degerlendirmek i¢in de kullanilmustir,

Calisma alani, Gaziantep ili simrlar igerisinde bulunan Islahiye ve Nurdag: tarimsal
ovalaridir. Bu bolge Sof ve Amanos daglari arasindaki verimli bir vadide bulunup, tarimsal
Uretim igin elverigli iklim ve birinci simf tarim topragi Ozelliklerine sahiptir. Bu bolgede
planh tarimsal iiretim yapilmasi demek, ekonomik degeri yiiksek kaliteli iirlinler yetismesi
anlamina gelmektedir. 2016-2017 yetistirme sezonundaki toplam on sekiz adet ¢ift¢i bugday
tarlalan igerisinden yiiksek verimli (TUKU, TUKO, TUMA, TUSE) tarlalar model
kalibrasyonu igin, orta verimli (TUSA, TUBL, TUCE, TUGO) tarlalar ise model performans
testi i¢in kullanilmstir. Kullanilan veriler olarak, iklim verileri yani sicaklik, yagis, oransal
nem, giineslenme siiresi ve siddeti, basing, rlizgar hizi ve yonii, buharlagma gibi gézlemlenen
ve Olglilen parametreler kullanildi. Bitki yetistirmedeki en 6nemli bilesen olan toprak verileri




yukselecegini gostermistir. Gelecekteki sicaklik artiginin bugday verimi iizerinde ise, Islahiye
olarak yiizyil ortalarmda % 16.3, yuzyilin sonunda ise % 16.8, Nurdagi'nda ise yiizyil
ortasinda % 13 oraninda azaltacagi beklenirken yiizyil sonunda % 14.4 oraninda azaltacagini
model gostermistir. Diger bolgesel verim analiz caligmas1 olan goriintiilerin NDVI indeks
sonuglari ise, gézlemlenen ve tahmin edilen verim arasindaki iliski, her iki bolge icin de yakin
bir uyum gostermistir. Nurdagi'nda 5 yil boyunca 145 kg/ha ile daha yiiksek olan RMSE
degerleri olarak kaydedilirken, Islahiye’de yaklasik 70 kg/ha RMSE ile daha yakin bir deger
kaydedilmigtir. Nurdagi bélgesinde, gozlemlenen ve tahmin edilen verim arasindaki % hata, 5
yil boyunca % 1.96 ile % 10.61 arasinda degismistir. Ancak, Islahiye bolgesindeki hata, %
0.81 ile % 7.65 arasinda degismistir. Sonug olarak, kalibre edilmis DSSAT CERES- Bugday
modeli ve NDVI indekslerinden olusmus bolgesel verim tahminleri oldukga faydali birer
metotla bulunduklar1 ve iilkemizin diger bolgeler ile diger bitkiler igin de kolaylikla
kullanilabilecegi sonucuna varilmgtir,
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