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Ozet

2002 yili Nisan ayindan 2017 yili Haziran ayina kadar yoriinge dolanimi gergeklestiren GRACE
(Gravity Recovery and Climate Experiment) misyonunun yani sira 2018 yili Mayis ayinda yériingeye
firlatilan ve halen aktif olarak gorev alan GRACE-FO (-Follow On) misyonu gorev siirelerince
yeryuvarinin toplam su biitcesi degisimlerinin (TSBD) modellenmesine katki saglamaktadir. Gerek
uydu konfigiirasyonu gerekse yoriinge manevralari gibi yapay etkilerin varligr ile GRACE/-FO
misyonlarina ait 6l¢ii ve gozlemlerle kestirilen gravite alant modellerinde bosluklar bulunmaktadir.
Ayrica iki misyonun aktif olduklart zaman periyotlari arasinda 11 aylik boslukta (2017 Temmuz — 2018
Mayis) vardir. Son yillarda 11-aylik boslugun elde edilebilirligi Makine ve/veya Derin 6grenme (MO,
DO) teknikleri kullanilarak arastirilmaya baslanmistir. GRACE-benzeri TSBD modellerinin DO
algoritmalar kullanilarak kestirilmesi ve bu boslugun doldurulmasinda hidroklimatik verilerinin (yagis,
sicaklik, buharlasma v.b.) sahip oldugu mekansal-zamansal degisimlerin de dikkate alinmasi sik¢a
uygulanir hale gelmistir. Bu calisma kapsaminda, Convolutional Neural Network (CNN), Deep
Convolutional AutoEncoder (DCAE) ve Bayesian Deep Convolutional encoder-decoder Networks
(BCNN) algoritmalar1 kullanilarak GRACE-benzeri TSBA modelleri sadece karalar1 igerecek bicimde
elde edilmistir. Caligma literatiirde su ana kadar uygulanmamus olan iki 6zgiin amaci kapsamaktadir; (i)
SWARM uydu misyonuna ait Kiiresel Harmonik Katsayilardan hesaplanan TSBD modelleri girdi verisi
olarak ele alinmis ve bodylece gravite alaninin uzun dalga boylu sinyalinin simiilasyon modellerine
basarili bir sekilde aktarilmasi saglanmustir. Ote yandan (ii) aylik modellerin sahip olduklari zaman
bilgisi de girdi verisi olarak kullanilarak kestirilen sinyallerin trend ve mevsimsel davranisinin anlaml
bir sekilde modellenmesi amaclanmistir. Ayrica European Centre for Medium-Range Weather Forecasts
(ECMWEF)’ye ait ERA5-Land modelinin sahip oldugu veya tiiretilen yagis, sicaklik ve kiimiilatif su
biitgesi degisimi gibi veriler hidroklimatik girdi verileri olarak kullanilmustir. Boylece ii¢ farkli DO
algoritmas: kullanilarak Ocak 2014 ile Aralik 2020 aylar1 arasinda tanimli GRACE-benzeri TSBD
simillasyon modelleri elde edilmistir. Modellerin bagarisi hem matematiksel hem de fiziksel anlamda
test edilmesi amaciyla i¢ ve dis dogrulama islemlerine tabii tutulmustur.
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Abstract

The Terrestrial Water Storage Anomalies (TWSA) have been modelled using GRACE (Gravity
Recovery and Climate Experiment) observations from April 2002 to June 2017 and GRACE-FollowOn
observations until May 2018. There are data gaps in time period of the gravity field due to the orbit
configuration and artificial effects such as manoeuvres. In addition, there is 11’°th months gap between,
1.e., July 2017 and May 2018, GRACE and GRACE/-FO. Nowadays, GRACE-like TWSA simulations
are studied using Deep Learning (DL) and/or Machine Learning (ML) algorithms in order to model and
fill to this gap considering hydro-climatic variables, i.e., precipitation and/or temperature data. In this
study, Convolutional Neural Network (CNN), Deep Convolutional AutoEncoder (DCAE) and Bayesian
Deep Convolutional encoder-decoder Networks (BCNN) are used to simulate GRACE-like TWSA
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models only including land areas on Earth. There are two novel ideas which are listed as; (i) the long
wavelength of the gravity field of SWARM satellites are considered as input to utilize gravitational
information sensed by SWARM satellites, (ii) the normalized day-of-year (nDOY) of monthly models
are also considered as input in order to determine the trend and seasonal behaviour of simulated TWSA
significantly. European Centre for Medium-Range Weather Forecasts (ECMWF) ERA5-Land datasets
is also used as hydro-climatic input that are precipitation, temperature, and the cumulative water storage
changes. Thus, the three different DL algorithms are utilized to simulate GRACE-like TWSA models
between January 2014 and December 2020. The achievement of the simulated TWSA models is
evaluated mathematically and physically considering in the internal and external validation.
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