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Abstract

:

The purpose of agrometeorological services conducted by various institutions around the world is to support decisions in the field of planning individual farmer works and agrotechnical treatments so as to fully enable the use of the prevailing weather and climatic conditions. However, the not always sufficient spatial distribution of ground measuring stations limits the possibility of the precise determination of meteorological conditions and the state of vegetation in a specific location. The solution may be the simultaneous use of both ground and satellite data, which can improve and enhance the final agrometeorological products. This paper presents examples of the use of meteorological products combining classical ground measurement and data from meteorological radars and satellites, applied in an agrometeorological service provided by the Institute of Meteorology and Water Management in Poland. Selected examples cover Wielkopolskie Province, which is a primarily agricultural region. An analysis of the course of the soil moisture index and HTC as well as differences in the PEI spatial distribution from ground and satellite data for the extremely dry growing season of 2018 are presented. The authors tried to demonstrate that combining data available from different sources may be a necessary condition for modern agriculture in the conditions of climate change.
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1. Introduction


Agriculture remains one of those areas of human economic activity that is heavily dependent on the development of natural conditions. The natural environment, including climatic conditions, consists of inextricably linked elements. One element of this environment that is noticeably changing is the climate. In Poland, as in many European countries, we have been observing changes in a number of meteorological elements since the 1980s [1]. The climate element whose changes are most directly perceptible throughout the environment is air temperature. The beginning of the observed warming has been noticeable in Poland since the late 1970s and early 1980s [2,3,4]. An increase in sunshine duration is also visible, which, together with increasing air temperature, determines an increase in evapotranspiration and deepens the unfavourable water balance in large areas of Poland, with statistically insignificant changes in precipitation amounts [2,5]. Attention is also drawn to the observed seasonal changes: successive seasons appeared earlier, winter shortened markedly, while summer lengthened. The observed warming was more pronounced in western than in northeastern Poland, resulting in increased thermal contrasts across the country [6].



The ongoing changes, particularly the increase in the intensity and frequency of extreme events, are causing an increase in the vulnerability of agricultural production to a changing climate and severe economic losses. The variability of yield increases and thus often reduces the yield of crops as a result of, among other things, increasingly frequent droughts, thermal stress, and the emergence of new plant diseases and pests [3,7]. The observed warming affects the course of physiological processes in plants and the dates of individual phenological appearances. On the one hand, higher temperatures favour the acceleration of plant development and an extended vegetation season [3], while, on the other hand, prolonged drought may accelerate their death (in cultivated plants) or the transition into a state of dormancy (in wild plants). Climate scenarios indicate that changes in climatic conditions will continue, so significant changes in climatic conditions for agricultural production should also be expected.



These changes have also contributed to a significant increase in the interest and importance of monitoring and early-warning systems to monitor current phenomena affecting crop vegetation and to warn against phenomena that may affect crop yields. Agrometeorological services in most countries operate as part of the national meteorological services [8] based on observational data from measurement and observation networks. However, these networks, even the most modern ones, inherently provide only point information. In many cases, especially for spatial analysis, modelling, or forecasting purposes, such information needs to be supplemented by data from other sources. Hence, satellite products are becoming increasingly important, providing a broad spectrum of information with their high and very high spatial resolution [9].



For many years, the Institute of Meteorology and Water Management-National Research Institute (IMGW-PIB) has been carrying out an agrometeorological information service aimed at the correct assessment of agroclimatic conditions for plant cultivation, preventing and minimising crop losses resulting from the occurrence of adverse meteorological phenomena, and supporting decisions on the conduct of field work and agrotechnical operations to fully enable the use of the prevailing weather and climatic conditions for the best possible economic results [10]. IMGW-PIB, having its own satellite data receiving station, has current information showing the spatial distribution of the whole range of environmental data and indices at its disposal. These are complemented by meteorological and phenological data from the observation and measurement network of IMGW-PIB. As analyses conducted at IMGW-PIB have shown, these data closely correspond to satellite data [10]. This has enabled the development of a new methodology for climate monitoring not used in our country so far, both on a national and local scale. This methodology, based on the simultaneous use of data from ground and satellite observations, allows for the tracking of the course of current meteorological characteristics observed at the interface between the atmosphere and the biosphere with the highest possible spatial resolution. It also allows for the reduction of typical errors of individual systems, such as interpolation errors resulting from the point network of ground-based measurements or estimating magnitudes based solely on satellite data. The collected data and indices, supplemented with current information, can support state administration units at various levels in analyses of the state of the environment and in creating solutions to adapt to the effects of climate change. At IMGW-PIB they are used in spatial analyses of meteorological and hydrological indices for, among others, agrometeorological information service purposes, providing a range of information necessary in the decision-making process in modern agriculture.



The paper presents a selected use of meteorological data, products combining ground-based data from meteorological radar and satellites, and satellite-based indices to indicate the possibility of a detailed analysis of plant cultivation conditions, especially agricultural drought, on a local scale based on monitoring that combines all of these sources of information.




2. Area of Analysis and Methods


The monitoring of current meteorological conditions is highly significant, especially in regions with the largest area and crop production [11]. In the last 20 years, there has been a marked increase in the moisture deficit expressed by a higher incidence of moderately to extremely dry periods, mainly covering the warm half-year, i.e., the growing season [12]. The low and very low values of the Precipitation-Evapotranspiration Index primarily affect these areas, which is quite unfavourable from the point of agriculture because a major part of Polish agricultural potential is concentrated in those regions [13]. The central part of western Poland is the most exposed to frequent droughts. Therefore, Wielkopolskie Province, located in the western part of the country, was selected to present the monitoring method and the results of the analyses. The analyses are shown using the example of 2018, which was an outstandingly dry year compared to the multi-year period (Figure 1). The presented indices and analyses of plant growing conditions were given for the growing season, which is defined in Poland as the period from 1 April to 30 September. This is a period of optimal thermal and moisture conditions for plant development.



The province’s climate belongs to the temperate climate zone in the area of a mutual intermingling of maritime and continental influences. The average annual temperature is around 8.5 °C, with few frost days throughout the year and low precipitation, especially in the southern and eastern parts. The annual precipitation total ranges from 500 to 550 mm and is one of the lowest in Poland. The province covers an area of 29,826 km2, i.e., 9.5% of the country’s area, and the land use structure is dominated by agricultural land occupying about 65% of its area. Moderately fertile soils (Cambisols and Luvisols) and poor quality soils are predominant (Podzols) [14,15]. Despite this, the region is the country’s largest producer of potatoes, cereals, and sugar beet, the second largest in rapeseed production, and the third largest in vegetable cultivation.



The year 2018 was one of the most unfavourable years for agriculture in this century. The drought, which lasted from April 2018, caused losses to the country’s economy estimated at over EUR 81 million. The greatest damage was recorded in cereals, rapeseed, root crops, and vegetables. Claims for crop insurance were registered, covering 5.4 million hectares of crop area, approximately 38% of agricultural land, and aid was paid to 268,140 beneficiaries for a total of more than EUR 48 million. The development of drought in the discussed year was favoured by the air temperature, with almost every month significantly exceeding the normal of the previous 30 years of 1981–2010 (Figure 2). Only February and March were very cold, which delayed the beginning of vegetation and the phenological beginning of spring in large areas of the country, which started about two weeks later than average. On the other hand, the rapid increase in temperature in April, which turned out to be 4.5 °C warmer than normal, significantly accelerated the development of vegetation and the phenological fullness of spring began across the country about two weeks earlier than average.



Higher than average air temperatures were accompanied by a shortage of precipitation (Figure 3). A very dry February and a dry March caused plants to enter the growing season (i.e., from April) with a significant rainwater scarcity. The shortage of rains covered almost the entire growing season, except slightly higher rainfall in mid-July, resulting in totals slightly above the multiannual mean in these two months, while the entire growing season was exceptionally dry.



The monitoring of meteorological conditions based on the measurement network of IMGW-PIB and relying mainly on synoptic stations, of which there are a total of 63 in Poland, and telemetric stations, of which there are nearly 500, makes it possible to track the course of essential elements necessary for the agrometeorological service, but often at too low of a spatial resolution. In addition, due to the limited range of these data, it would not be possible to estimate the number of indices depicting this type of agricultural drought. Most of the data are presented on the agrometeorological website not only in a standard daily or monthly step but also in a 10-day step, which is of particular importance for agriculture because daily data, due to their variability, make it difficult to analyse the situation. At the same time, the monthly step is often too long and, in some cases, over-averages and flattens the results.



One of the indices used to assess the development of moisture conditions of a given period is the climatic water balance (Precipitation Evapotranspiration Index-PEI), which is the difference between precipitation and evapotranspiration and is used in climate change studies [16]. PEI is considered an excellent characteristic of meteorological conditions during the growing season and an indicator of crop plants’ state and their water requirements. PEI can be a starting point for scheduling the time and intensity of irrigation and even yield forecasts by providing basic information on the amount of water available to plants during the growing season. It also allows the estimation of soil moisture, which is extremely important in the absence of a network measuring this parameter. However, one of its main components, evapotranspiration, is not measured directly at the regular network. In Poland, as in many countries, evapotranspiration values are calculated using indirect methods from empirical formulas, which are only an approximation of real conditions, and the spatial and temporal resolution of evapotranspiration data from ground sources depends on the resolution of parameters included in the empirical formula. This can be accomplished by the application of remote sensing. Furthermore, values of the second component of climatic water balance, i.e., precipitation, which is measured at meteorological stations, can be problematic in some situations (strong wind, high intensity, or snow, for example). An innovative method of estimating the magnitude of the climatic water balance has been developed at IMGW-PIB based on the “RainGRS” precipitation product developed at the Institute, which combines precipitation values: Ground (automatic weather stations), Meteorological Radar and Satellite [17] and the Land SAF satellite product “Reference Evapotranspiration” [18]. The final spatial resolution of the climatic water balance thus determined is 1 km.



Decade values of the hydrothermal coefficient (HTC), developed to assess the duration and severity of drought, particularly in agroclimatic terms, are also calculated based on the data from the RainGRS product. Its advantage is primarily data availability and calculation simplicity [13]. Furthermore, determining dry periods in 10-day steps is also essential, making it possible to compare the results with a number of other indices, especially those obtained from satellite data. The only limitation of the mentioned coefficient is the possibility of applying it only in periods with average daily air temperatures above 8 °C, which in practice restricts the analysis period to the growing season.



Further information used in the monitoring of plant cultivation conditions by IMGW-PIB is the soil moisture index, based on the EUMETSAT H-SAF H14 product [19]. Soil moisture determines the proper growth of plants and also the soil management and terms of the field work. Unfortunately, in Poland, as in many other countries, there is no unified soil moisture monitoring network covering the whole country. Therefore, the application of satellite data for soil moisture assessment in agrometeorological practice appears to be the most efficient and economically optimal method. The soil moisture product used in the agrometeorological information service at IMGW-PIB is created by EUMETSAT H-SAF (Satellite Application Facility on Support to Operational Hydrology and Water Management). Soil moisture data comes from the ASCAT sensor of the Metop satellites and is used in the ECMWF H-TESSEL Land Surface Model (Hydrology Tiled ECMWF Scheme for Surface Exchanges over Land). Finally, the current saturation of the soil with liquid water in four layers is obtained, with a spatial resolution of 25 km. The H-SAF product H-14 has additional added value for agrometeorological services. The Soil Wetness Index only represents liquid water. When soil is frozen, soil moisture immediately goes down to zero or varies at low values, giving an indication of frozen area localization and depth.



The following EUMETSAT Land SAF satellite products supplement the measured data from synoptic stations and PEI and soil moisture indices for monitoring agrometeorological conditions: reference and actual evapotranspiration (sum for last 24 h, last ten days, and last 30 days), downwelling surface shortwave radiation energy (sum for last 24 h, last ten and 30 days) [20], Leaf Area Index-LAI (daily) and Fraction of Absorbed Photosynthetic Active Radiation -fAPAR (daily) [21].




3. Results


Figure 4 shows the spatial distribution of monthly totals of the Precipitation-Evapotranspiration Index (PEI) for the 2018 growing season. In order to show the differences in the accuracy of the spatial distribution, the PEI values were calculated using two methods: based on data from synoptic stations and the methodology described above. The changes in PEI from month to month reflect very well the temporal distribution of precipitation and reference evapotranspiration, of which air temperature and sunshine duration are considerable components. Significant precipitation deficits, persisting from February onwards, with high evapotranspiration resulting, among others, from significant deviations of positive air temperatures, led to an increasing prevalence of moisture losses over moisture gain and the development of agricultural drought starting from April 2018. In July, due to very high storm precipitation in the middle of the month, the moisture balance temporarily improved, especially in the northern and central parts of the region. Comparing the data obtained with both methods shows a high convergence of PEI values for the month. However, differences in the detailed spatial distribution of the values are also clearly visible. The interpolation of PEI values calculated from synoptic station data is much more generalised due to the small number of such stations. In contrast, the spatial distribution of PEI calculated with kilometre resolution, based on data from the RainGRS product and satellite data (Land SAF METREF product), allows this distribution to be monitored with a high degree of accuracy, indicating areas with higher values, resulting, for example, from local rain showers, which are very frequent during the summer. This is particularly evident in July, when local rainfall was recorded in small areas of eastern and western Wielkopolskie Province that was so high that the monthly totals of PEI were clearly higher than it would be from interpolation based on synoptic data. Such accuracy of the distribution of PEI values, which are one of the key indicators of drought in Poland, allows for the monitoring of the water supply of plants to indicate areas at risk of drought in order to decide on possible irrigation or other treatments to minimize possible crop losses. Differences in the accuracy of the obtained image allow us to conclude that in the case of information based solely on data from measuring stations, their interpretation on a local scale (county, municipality or even a single farm) may be burdened with a significant error and may lead to incorrect conclusions as to the plan for further procedures in field work.



In parallel with the analysis of changes in PEI spatial and temporal distribution, an analysis of the soil moisture index based on satellite data was conducted. Figure 5 and Figure 6 show the spatial distribution of soil moisture index values in the shallower (7–28 cm) and deeper (28–100 cm) root zone in Wielkopolskie Province during the 2018 growing season. The development of soil drought in the 7–28 cm layer is clearly visible as a result of the precipitation deficiency lasting from February, initially in the south of the region (April), where the moisture index fell below 40%, and gradually throughout the province. In May, soil moisture fell below 30% in most of the area, and in June, it fell in almost the entire region, posing a danger of extreme moisture deficiency for all crops. Only in July, as a result of the mentioned storm precipitation, did soil moisture periodically increase, only to decrease significantly again in August, which was very dry in terms of rainfall.



In contrast, the deeper root layer (28–100 cm) reacted slightly weaker and with a longer delay to the lack of precipitation or its occurrence, especially if it was not high. A slightly weaker response than in the shallower layer to the continuing rainfall shortage since February is visible in April, especially in the south of the region. However, heavy precipitation in mid-July due to a storm front passing through Poland did not significantly improve the moisture situation at this depth, but only in the shallower layers. Furthermore, visible in the shallower layer, changes from month to month during July-September are hardly visible in the 28–100 cm layer and the moisture conditions hardly changed during these months. Low and very low soil moisture persisted until the end of the growing season, covering most of the Wielkopolskie Province except for the central part of the region and small patches on its eastern and northern borders. The situation along the southeastern and southern borders of the province was exceptionally critical. The soil drought was extremely deep, threatening cereal crops in the first half of the season, especially maize and root crop plantations in the second half.



Periods of possible water shortages or excesses are also monitored using the hydrothermal coefficient (HTC). As it allows for the assessment of consecutive dry periods with a 10-day step, it enables the monitoring of conditions with a step sufficient for agrometeorological information service and the assessment of current meteorological conditions. It is usually calculated based on data from meteorological stations, while the use of high spatial resolution products (1 km × 1 km) developed at IMGW allows the assessment of the current situation on a very local scale. To calculate the HTC index, precipitation data from the RainGRS product and temperature data at 2 m from the analysis of the INCA nowcasting model [22], operationally used at IMGW-PIB, were used. The following example also shows how monitoring for shorter periods than a month is essential. The spatial distribution of HTC values in the different parts of July 2018 (Figure 7) shows very significant differences between these periods: extremely dry and very dry in the first ten days of the month, resulting from a lack of precipitation, extremely humid and very humid the second ten days as a result of heavy rains associated with a storm front and again extremely dry in the last ten days of the month. The last ten days of the month also showed locally slightly higher HTC values, resulting from local, minor showers.



Ground and satellite data also make it possible to track the daily, ten-day, monthly or even seasonal or annual course of individual indices depicting the conditions of plant cultivation. The compilation of the entire spectrum of indices shows a picture of the situation period by period and information about both dry periods due to a lack of precipitation and wet periods, e.g., after heavy or prolonged rains. Particularly valuable is the analysis of the deviations of all indices from the multiannual means in relation to data, such as precipitation or air temperature. Figure 8 shows the course of anomalies of selected indices in relation to precipitation totals in 2018 for the Wielkopolskie Province. Considerable deviations from the long-term averages of soil moisture and actual evapotranspiration are visible in the winter due to the soil profile freezing. We then observe their rapid increase and return to average values after warming in early spring. The period of April, May, and June is characterised by a shortage of precipitation in beautiful and sunny weather, hence significant positive anomalies of insolation and reference evapotranspiration are observed, as well as gradually increasing negative deviations of soil moisture indexes, PEI or actual evapotranspiration. After the heavy rainfalls at the beginning of July, insolation decreases, but the values of indexes reporting soil moisture, actual evapotranspiration, and PEI increase. Subsequently, another period of warm, sunny, and dry weather causes a new development and deepening of the drought, which only begins to partially subside towards the end of the year.




4. Discussion


When conducting the agrometeorological information service, IMGW-PIB relies to a large extent on generally used indicators, also used in the majority of such services and advisory systems for farmers in the world, including Europe. Furthermore, like other agrometeorological services often developed in Europe by NHMSs, a very important part of the advisory system implemented at IMGW-PIB is the “Agrometeorological Bulletin”, which is issued on a monthly basis. A review of this type of publication for Europe [23] allows us to conclude that the satellite data act as a support for meteorological and hydrological services, especially in their activities of monitoring and forecasting the state of the atmosphere and hydrosphere and the modeling of a number of processes that are used widely. They are slightly less often presented and interpreted in products published in agrometeorological bulletins. Spatial distributions of the NDVI indicator are quite commonly presented, and sometimes soil moisture distributions are also based on satellite products. However, satellite data provide input to numerical models and often only the results of such modeling are published, supporting farmers in the process of irrigation, fertilization, or, for example, informing about forecasted yields. On the other hand, the Bulletins prepared at IMGW-PIB use all sources of information available at the Institute, publishing the spatial distribution of the most important indicators calculated using ground and satellite data in parallel on an ongoing basis. The advantage of such a presentation is not only better spatial resolution of a given product (e.g., temperature, precipitation or climatic water balance), but also the promotion of new types of information and tools among farmers in a way that is understandable to users. This last aspect was pointed out by, among others, Buontempo et al. [24], and Motha [25] before that, writing that it is not enough to provide users with a huge amount of data, because they are not able to use them without an appropriate application that facilitates their understanding and use in the decision-making process.



The uneven and not always sufficient spatial distribution of ground-based measuring stations often limits the possibility of the precise determination of both meteorological conditions and the vegetation state for a specific location. Insufficient spatial resolution often limits the possibilities of detailed assessment of agrometeorological parameters, for example at the scale of a single farm [26]. The importance of high-resolution environmental data in applications dedicated to the agricultural sector, both in local-scale and large-scale, is emphasized by many authors. Satellite data, the availability of which has increased enormously in recent years, plays an important role in detecting phenological stages, growing conditions and detecting anomalies in their course. Thus, they play a key role in drought monitoring, estimating possible deficits in biomass production, and in estimating future yields [27,28]. At the same time, the use of data obtained remotely in combination with ground-based weather data additionally gives the possibility of analyzing the quality and correctness of ground data, and if necessary correcting them [29], as well as supplementing one database through another. Satellite products are also a source of information on agrometeorological parameters that are not directly observed within ground measurement networks or whose measurement network is very rare (e.g., solar radiation, actual and potential evapotranspiration, LAI, soil moisture, etc.). This gap could be complemented by satellite data, allowing the estimation of a number of agrometeorological indicators necessary for the current and future assessment of vegetation [30]. All of these advantages of satellite data have been used in the agrometeorological information service conducted by IMGW. They are the basis for the assessment of the course of meteorological conditions and the vegetation status of crops presented in monthly agrometeorological bulletins, and are gradually enriched with further indicators. The RainGRS product developed at IMGW-PIB, estimating the amount of precipitation on the basis of ground measurements, meteorological radars and satellite data, is consistent with the recommendations of the World Bank in its assumptions, which draws attention to the possibility of filling in the gaps existing in the case of data from rain gauges and meteorological radars with satellite data [31]. Therefore, it seems right to simultaneously use all possible sources of information about the state of the environment, i.e., both ground and satellite data, which can enrich and improve the final agro-meteorological products, bringing great benefits both directly to farmers and indirectly to the economy as a whole [32].



The improvement in the quality and availability of satellite data combined with the progress that has been made and is still being made in the field of modelling allow for an accurate assessment of the current growing conditions and the condition of plants. This is also often the case for the much-awaited estimates of the course of a given growing season by farmers at the very beginning of it, or the issuing of warnings against adverse phenomena that may adversely affect the condition of crops well in advance, which was impossible a few dozen or even a dozen years ago [30].



However, when using satellite data, we also have to take into account some limitations and problems resulting from the methods of obtaining and sharing this data. The use of satellite remote sensing in agrometeorology, including the monitoring of drought processes, began with the NDVI vegetation index [33,34]. Based on AVHRR/NOAA and MODIS/Terra/Aqua data, more indicators were constructed, e.g.,: SAVI, EVI, NDWI, etc., [35,36,37,38] to better monitor the current state of vegetation, especially in remote, sparsely populated areas. However, this was the monitoring of effects, not causes. The development of precise farming required more information than just regional weather information. The development of satellite products for monitoring processes on the Earth’s surface (and thus causes) went in this direction, and numerical weather models were used for forecasting not only weather phenomena but also the parameters necessary for agriculture. There was particular interest in those parameters that have a direct impact on agricultural production: precipitation, temperature, insolation, actual and reference evapotranspiration, soil moisture and indices built on the basis of these parameters. Building increasingly dense ground measurement networks is costly and requires maintenance. Thus the increasing use of satellite remote sensing to determine these parameters. Of course, we must agree with the fact that remote sensing measurement only allows for the determination of the radiation reaching the satellite sensor in different spectral ranges depending on the instrument used (from ultraviolet to microwave), and the reconstruction of physical values measured on the ground requires a model, often using a range of information, including ground measurements. As a result, the accuracy of products based on satellite remote sensing is often a limitation that we must be aware of when using them [39,40,41]. Despite the much better spatial resolution compared to ground measurements, there are also limitations here. The products used in this analysis have a spatial resolution from 1 km (RainGRS), to 5–6 km (evapotranspiration) to 25 km (soil moisture index). The last parameter in particular, which in fact is subject to significant spatial variability, can be treated as an average value for a certain area, often similar in area to the smallest administrative units (municipality). The availability of satellite data depends on the time of the satellites pass overhead. In the case of products based on data from geostationary satellites, the daily product is generated from a series of measurements; while using polar satellites, especially with medium and high resolution sensors, the repetition time is extended up to several days. In the case of optical sensors and when monitoring the vegetation condition (e.g., NDVI), cloudiness is an important limitation, making it impossible to observe the Earth’s surface. In the case of active microwave sensors, which are used to monitor the surface moisture of the soil layer, the accuracy is limited by vegetation cover and possible intense precipitation, and the penetration depth is limited to 2–3 cm. Despite these limitations, satellite products are used to monitor drought processes, and sample analyses demonstrate their great usefulness [42,43,44,45].




5. Conclusions


The use of ground measurement data, products based on satellite data and products based on models combining ground and satellite data to monitor plant cultivation conditions, including the impact of the drought in 2018 on these conditions, was presented. The presented tool and method can be applied in the following areas: country, province, county and even municipality, due to the spatial resolution of the products used ranging from 1 to 25 km. Operationally available products allow for the generation of climatological averages from many years and the assessment of the current state as anomalies in relation to these averages, as shown in the final part of the study. The presented example from 2018, when a prolonged period of heat and shortage of precipitation caused agricultural drought and huge losses in the economies of a number of European countries [46,47], including Poland, shows a tool combining conventional meteorological observations with satellite data and models, allowing for the reduction in this threat, e.g., by irrigation, without resorting to economically unjustified decisions.



Although operational products do not have the same accuracy and stability as classic climatological data series do, nevertheless as they are available in near real time, they are currently the best tool for monitoring the current state and large deviations of this state from long-term averages, resulting from such threats to agriculture as, among others, drought or excessive rainfall. The new capabilities also provide high-resolution information from the Sentinel satellites, which can be used in the process of modelling both the water needs of plants in a given area and in estimating yields, providing a range of information necessary for decision-making in modern agriculture, including precision farming at the scale of farmland. They are also indispensable in increasingly popular applications aimed at estimating the amount of damage and losses caused by the occurrence of adverse meteorological phenomena.



However, it should be remembered that although climatic and meteorological conditions have a key impact on the condition of crops, the final size and quality of the crop is also determined by agrotechnical treatments carried out by farmers and their timeliness and quality of seeds, etc. [25]. Therefore, having unlimited information about the past, current and forecasted state of meteorological and hydrological conditions is extremely helpful in conducting agricultural activity, but the final effects obtained in the field of this production are also determined by the other activities mentioned above. It should be emphasized, however, that continuous further improvement of methods of sharing agrometeorological data, as in the form of systematically published bulletins, and combining data available from ground measurements with increasingly better satellite products turns out to be an indispensable condition for conducting modern agriculture in the conditions of progressive climate change.
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Figure 1. Poland and the location of Wielkopolskie province with the localization of synoptic stations in the province. 
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Figure 2. Deviation of average monthly air temperatures [°C] in Poland in 2018, from the 1971–2000 mean. 
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Figure 3. Deviation of monthly precipitation totals [%] in Poland in 2018 from the 1971–2000 mean. 
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Figure 4. Monthly totals of the Precipitation-Evapotranspiration Index for the growing season of (April–September) 2018, calculated using two methods: based on data from synoptic station (synop) and based on the RainGRS product and evapotranspiration from satellite data (sat). 
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Figure 5. Soil moisture index [%] in the 7–28 cm layer in the following months of the growing season (April–September) 2018. 
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Figure 6. Soil moisture index [%] in the 28–100 cm layer in the following months of the growing season (April–September) 2018. 
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Figure 7. Hydrothermal coefficient (HTC) values for individual 10-day periods in July 2018. 
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Figure 8. Course of anomalies of selected indices relative to precipitation totals in Wielkopolskie Province in 2018. Etref: reference evapotranspiration, DSFF: down-welling surface short-wave radiation; SM1: soil moisture 0–7 cm; SM2: soil moisture 7–28 cm; SM3: soil moisture 28–100 cm; Eta: actual evapotranspiration, PEI: Precipitation-Evapotranspiration. 
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