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Abstract 
Global and regional climate change of which worming, supplied water availa-
bilities, drought, floods, health and food safety, are mostly on top of present 
human society critical constrained concerns. That issue initiated scientific 
community mass mobilization aimed at case studies as well as forwarding mis-
sion achievement of mitigation. The indicated climate change foresee require 
sensitive early signs of which Chill Hours (CH) analysis is recommended. This 
paper presents an evaluation of temporal and spatial CH record from the Hula 
valley, a part of the Lake Kinneret drainage basin and discuss precautions of 
mild environmental exceptional warning of climate change sign factors. These 
retroactive warning notices included temperature increase, headwater yield 
reduction and changes of nutrients migration dynamics from the Hula valley 
into Lake Kinneret. 
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1. Introduction 

Three major headwater, flowing southward from the Hermon mountain rocky 
block, Dan, Hermon (Banyas) and Snir (Hazbany) rivers, join to form the Jordan 
river along 21 km crossing the Hula valley (177 km2) and the Korazim region into 
lake Kinneret. Before 1957 the south part of the Hula valley was covered by the 
old lake Hula and the northern part was covered by swampy wetlands. During the 
1950’s the Hula valley was drained and land use was converted into agricultural 
development. During the 1990’s a Hula reclamation project was implemented, soil 
moisture was elevated and continuity of agricultural “green” crops cover was op-
erated. Symptoms of climate change conditions were indicated in lake Kinneret 
and its watershed ecosystems: air and water temperature increase, decline in rain-
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fall, and diminished river discharges accompanied by a reduction in epilimnetic 
lake nitrogen. The warming climate trend resulted intensification of zooplankton 
predation by fish and consequently crustacean biomass density and biodiversity 
index decline were documented [1]. Statistical evaluation of long-term (1946-
2008) record of daily mean of air temperature in three meteorological stations 
(Dan, Dafna, Kfar Blum) in the Hula valley, confirmed a decline since the drainage 
of the hula valley (1957) whilst from mid 1980’s, temperature elevation was doc-
umented. During the implementation of the Hula project management objectives 
(>1994), of which land green cover was verified, temperature increased. Those 
regional climate changes were probably induced by modifications of Albedo level: 
water covered land (before drainage) induced lowering Albedo whilst vegetation 
covered land (Hula project implementation) induced increased Albedo. Decline 
of Albedo resulted in higher sensitive heat flux, rising air temperature and vice 
versa [2]. Indications of climate change confirmed by air and lake water warming 
and consumption capacities policy in the drainage basin and lake water utilization 
were documented. After the decline of air temperature during 1940-1970’s the 
trend was twisted towards elevation. Climate change caused a decline in rainfall, 
followed by a reduction of Jordan and other river discharges and underground 
flows, accompanied by a decline of Kinneret WL. With respect to climate change, 
water allocation for agricultural consumption was diminished [2]-[5]. 

Records of air temperatures in the drainage basin and in the Kinneret Epilim-
nion, precipitation and lake water level, and record of El-Niño/Southern oscilla-
tion (ENSO) were indicated as interrelated events. Moreover, Bleaks population 
size was enhanced whilst those of Sarotherodon galilaeus (SG) declined in corre-
lation with El-nino/Southern Oscillation cycle. A contradicted impact of ENSO 
events on population size of Bleaks and SG in lake Kinneret was evaluated: En-
hancement of reproduction of the winter spawner Bleaks and reduction of early 
summer spawner SG fingerlings recruitment. The ENSO event of winter extreme 
in Kinneret region is therefore negatively affecting Kinneret water quality [6]. Re-
gional water balances confirmed enhancement of gravitating water loss in the 
Hula valley. The Hula valley soil properties of field capacity, bulk density and wilt-
ing point confirm the potential loss of gravitating water during periods of dryness 
due to climate change through preferential pathways [7]. Climate change symp-
toms of elevated water and air temperature and heat capacity combined with re-
duced precipitation accompanied by lake water level decline were indicated in lake 
Kinneret. Temperature of surface water increase accompanied by WL decline and 
decreased in deep layers during high WL were documented [8]. Significant 
changes, of temperature increase, decline in rainfall, causing a reduction in river 
discharges, and lake water inflows. These climatological changes were accompa-
nied by a reduction in nitrogen and a slight increase in phosphorus in the lake 
epilimnion. The outcome was epilimnetic nitrogen deficiency and phosphorus 
sufficiency, which enhanced domination replacement of Peridinium spp. by Cya-
nobacteria. Climate change affected water quality deterioration in lake Kinneret  
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[9]. Since the mid-1980s, significant changes in climate conditions have occurred, 
and trends of dryness in the Kinneret drainage basin have been documented, as 
well as temperature increase and precipitation decline. The precipitation decline, 
and consequently the reduction in river discharge, resulted in a decrease in Nitro-
gen flux into lake Kinneret. After the drainage of the Hula natural wetlands and 
old lake Hula (>1957), the ecological characteristics of the Hula valley were mod-
ified. The impacts of climate conditions (precipitation and discharge) on TP (total 
phosphorus) outsourcing through erosive action are significant: higher and lower 
discharge enhances and reduces TP load, respectively. The total TP flushing range 
from the Hula valley Peat soil through the subterranean medium is not precisely 
known but is probably outside lake Kinneret. Most runoff water with mediated 
TP originates from bedrock through erosive action. Long-term records of TP con-
centrations in headwaters and potential resources in the Hula valley confirmed 
the significant influence of climate conditions on the outsourcing of TP capacity. 
The impacts of agricultural development, external fertilizer loads and migratory 
Cranes in the winter are probably insignificant [10]. 

Climate change, specifically warmer temperatures and reduced rainfall, signif-
icantly alters Phosphorus dynamics in lake Kinneret by reducing river discharge, 
increasing evaporation, and leading to shifts in nutrient cycling, potentially boost-
ing phosphorus in upper layers and fostering Cyanobacteria over desirable algae 
like Peridinium, highlighting climate’s critical role in the lake’s ecological health 
and water quality that were confirmed [11]. Earlier studies induced a courageous 
connection between climate change and Kinneret water quality. The conjugate of 
environmental conditions and water quality impacts within the ecosystem em-
phasized the impact role of fluctuated climate conditions on water quality in lake 
Kinneret. The objective of the present study is aimed at apply of implication im-
provement through the usage of Chill Hours (CH) model. Long term data record 
in earlier studies was evaluated through methods of averaged values whilst in the 
present CH research the Spatio-Temporal distributional aspects of evaluated ab-
solute temperature measurements is emphasized. The paper does not represent 
comparative analysis of environmental data sets, therefore the ecological structure 
of timing, length and monitor stations are not precisely respected. Despite of rec-
ord dissimilarities their relevance to the climate change issue is distinct. Headwa-
ter discharges, nutrient migrations, and regional warming trend are ecologically 
integrated and CH information are supportive. 

2. Material and Methods 
2.1. Chill Hours Model 

The long-term (1988-2021) record of annual Chill Hours accumulation is based 
on a modification of the “Chill Days model” [12]-[14] and the “Utah model” as 
follows: air temperature (˚C) is continuously monitored and hourly averaged; 
Each hour with mean temperature below 7˚C is valued as 1; Hourly temperature 
within the average range of 7.0˚C - 10.0˚C is valued as 0.5; mean range of 10.0˚C 
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- 18.0˚C is valued as 0 and higher than 18.0˚C as −1; Each 24 h are totally sum-
marized into one number. If the total summary is a positive number, it indicates 
the additional Chill Hours for those 24 h. A daily record of Chill Hours obviously 
reflects air temperature changes. A daily Chill Hours report is practically carried 
out as horticultural farmers’s service during the winter season (November 
through April) and tentatively applied in this paper for sensitive method of cli-
mate warming trend development usage. 

2.2. Data Source (Chill Hours Record) 

The long term (1988-2021) annual record of air temperature utilized for the Chill 
Hours evaluation was provided by the Israeli meteorological service and agricul-
ture service which is a supportive service to Grove crop managers. The computa-
tion of Chill Hours is based on a modification of the “Chill Days Model” [12] [13] 
and the “Utah model”. If the total summary is a positive number which is indicat-
ing the additional Chill Hours for those 24 hours. Daily record of Chill Hours 
reflect obviously air temperature changes. Daily Chill Hours report is practically 
carried out during winter season (November through April). Long-term (1988-
2021) record of daily Chill-Hours indicates annual atmospheric thermal fluctu-
ations. The annual fluctuations of monthly means of air temperature is shown 
in Figures 1-3. Data shown in Figures 1-3 confirm temporal (1988-2021) decline 
of the daily number of Chill Hours; shortening length (in days) of the seasonal 
chill hours and the longer time delay (in days) of the initiation of chill hours ex-
istence. 

The CH long-term (1989-2024) record maintain daily measurement of air  
 

 
Figure 1. Linear regression of mean annual Chill Hours record of 3 stations located at 60 - 
90 MASL Vs Year: r2 = 0.1637; p = 0.013; Mean = 559; SD = 198; SE = 2.8; Coefficient = 
−7.4; n = 37; Evaluated Chill Hours Decline of 274 (40%). The total Mean is indicated. 
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Figure 2. Two inverse plots of Fractional Polynomial regressions, Years Vs. Chill Hours (right panel) and Chill Hours Vs. Years 
(left panel), all stations, during winters of 1989-2025. 
 

 
Figure 3. Lowess Smoother plot of Chill Hour record, all stations during winters 1989-2024. 

 
temperature in 9 stations located at altitude range of 60 - 1090 MASL. Temporal 
fluctuations of CH were averaged and illustrated for 3 stations which are located 
in closely altitudes (60 - 90 MASL) to avoid altitude effect and local wind action 
disturbances. 

3. Results 

A graphical description of approximately 40% decline in the Hula valley of tem-
poral (1989-2024) CH in the Hula valley is given in Figures 1-3. 

The results given here of Chill Hours indicate a sensitive indications of regional 
climate change emphasized warming process trend. Nevertheless, as evaluated 
and shown in these figures the warming developed process is smoothly imple-
mented but in “wavy” pattern: warming during 2004-2020 and relatively stable 
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later on. 
The trend of Chill Hour decline in 3 stations located at an altitude ranged be-

tween 60 - 90 MASL, within the level range of the Hula valley, of app. 40% in the 
Hula valley was indicated. 

The obvious correlation between CH and Altitude is given in Figure 4. 
The temporal (1989-2024) decline of Jordan River discharge and consequently 

TN migration capacity are shown in (Figure 5, Figure 6). 
 

 
Figure 4. Linear Regression (95% CI) between annual (1989-2024) Chill Hours record and 
Altitude (masl) of monitor stations: r2 = 0.7264; p < 0.0001; Coefficient = 1.41; n = 230; 
Mean = 835; SD = 530; SE = 0.06. 

 

 
Figure 5. Linear Regression (95% CI) plot between annual mean of TN concentration 
(ppm) in river Jordan discharge and its capacity, (mcm:106 m3/year), statistical parameters 
are: r2 = 0.1297; p = 0.011; SE = 4.9; Coefficient = 12.9. 
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Figure 6. Lowess Smoother (left) and Linear Regression (right) plots of the temporal (1970-2018) changes of Jordan discharge 
(mcm:106 m3/year) and Year. Statistical parameters of the Linear Regression are: r2 = 0.1466; p = 0.0066; Coefficient = -4.6; Mean = 
414; SD = 170; SE = 1.61. 

4. Discussion 

A brief survey of actual (2019-2023) literature confirms the importance given by 
the scientific communities to the climate change issue. Global and regional cli-
mate change, emphasizing warming, is presently a crucial issue of human society. 
scientists, political nation leaders, economists, water management managers, fu-
ture model expertise ecologists, and other worriers about predicted significant fu-
ture impact of risky climate changes. The prediction of extreme events of droughts 
and floods, starvation, health difficulties, economical disturbances and more were 
thoroughly discussed in scientific conferences. Ecosystems respond to climate 
change, ecosystem resilience enhancement and addressing of a changing climate 
[15]. The belief about climate change is upward when experiencing unusual 
warmer temperature whilst other climate condition consequences are ignored 
[16]. Global and regional warming is a symptom of climate change which is indi-
cated also by CH of which air temperature elevation, rainfall and river discharge, 
decline accompanied by reduction of nutrient migrations are included here. 

A review of physical and other lake features response to climate change and 
discussion of recent and expected lake responses and future prediction of re-
search opportunities in lake monitoring and modelling management are con-
cluded [17]. A world encountered 315 cases of natural disasters during 2018, 
which are mainly related to climate condition changes. Food production, water 
supply, safe health conditions have been identified as vulnerable under climate 
disasters. Geoengineering techniques are considered to stabilize or reduce global 
warming [18]. The impacts of climate change on soil microorganisms in differ-
ent climate-sensitive soil ecosystems [19], as well as potential ways that soil mi-
cro organisms can be harnessed to help mitigate the negative consequences of 
climate change are explored was documented [20]. A reviewed perspective sum-
mary of surface and atmosphere climate change indicators is documented by 

LR: r
2
=0.1446; p=0.0066 
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[20]. Nevertheless, Chill Hours changes induced by climate condition change 
was not considered. 

A global and regional well known dependency of crop production, especially 
non-irrigated agriculture relay on rainfall and surface temperature modifications 
[21]. The impact of climate change on ten sectors of human society, water, water 
desalination, energy, renewable energy supply, health, industry, built environ-
ment is discussed [22]. 

Finding accurate indications to detect climate change at the earliest possible 
stages is a desirable objective of human society supported by scientists and engi-
neers mostly emphasized in development or desert countries. Thought, regional 
climate change modelling over a world-wide geographical zone [23]-[26] of which 
northern and southern river Jordan ecosystems was intensively explored [27]-
[31]. The improvement of REGCM3 model as useful tool for climate studies was 
documented by [23]. For example, a focus on techniques applied to downscale 
large-scale climate model simulations to the spatial scale required by local re-
sponse models (hydrological, agricultural, soil) was documented, specifically on 
the middle east, appropriate for input into a local watershed model of hydrological 
model for Karst environment (HYMKE) [27]. The effect of future climate change 
on the precipitation (rain or snow) capacities and its effect on streamflow in the 
jordan river. A global perspective study example [23] has indicated regional cli-
mate model version 3 (REGCM3) is an important research tools available to sci-
entists around the world, including developing countries [23]. Results from 
REGCM3 serves as benchmark simulations applied over economically developing 
nations (EDNS) and is useful for climate studies. The chill hours model represents 
a newly developed tool for the study of regional climate change. monitored eval-
uation of air temperature record support discrete spot heat distribution whilst CH 
model represent spatial (aerial) and temporal distribution of heat energy. The CH 
methodology described here probably contributes to the indication of climate 
change at early stages. The presentation of long-term record of Jordan discharge 
and consequently nutrient migrations (TN, TP) is therefore included here sup-
porting indication of climate change at a respective periodical season of the CH 
record. Despite of CH methodology differ it is a valuable contributed confirma-
tion of climate change trend. 

Linear regression (95% CI) plot between CH monitored at 9 stations located at 
an altitude range of 60 - 940 MASL during 1989-2024, and Year indicating the 
temporal distribution is shown in Figure 1. Results indicate 40% reduction of CH 
in the Hula valley during 35 years which means a mild warming trend. 

A differ statistical method, Fractional Polynomial, is utilized in Figure 2 (CH 
Vs Year plot) confirm the results given in Figure 1. Nevertheless, an inverse plot 
of Year Vs CH confirm CH decline (i.e. warming trend) during 2004-2010 and 
thermal stability (un-changed CH) later on reflecting continuity of warmer con-
ditions. A summarized overview of CH decline in the Hula Valley is presented in 
Figure 3 as Lowess Smoother plot. The obvious topographical correlation between 
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Altitude (MASL) range and temperature is given in Figure 4. Despite of topo-
graphic position which create colder conditions a fixed altitude was maintain for 
each station during monitor period. 

Climate change, dryness and warming, headwater discharges decline and con-
sequently diminishment of nutrient migrations from the Hula valley into lake 
Kinneret is exemplified in Figure 5 for the Nitrogen case. Thought, despite of the 
obvious water quantity mediated nutrients erosion force parameter should be 
considered. Lower discharge (Figure 6), and current velocity diminish friction ef-
fect and erosive force and consequently migrated nutrients capacities. 

Chill Hours record (1989-2024) monitored in 9 stations located at altitude 
range of 60 - 940 MASL in the Hula valley, part of the Lake Kinneret drainage 
basin during the winters of 1989-2024 confirmed climate change development. 
Temperature elevation, headwater discharges decline, reduction of nitrogen mi-
gration from the Hula valley into lake Kinneret were documented. The awareness 
of climate change in response to CH signal is concluded. 

The concept of the CH methodology is different from other commonly evalu-
ated methodological paradigms, [17]-[26]. The features of CH method presented 
here highlight the importance of its usage. The uniqueness of a different new 
method, the CH, is suggested. Climate change induces environmental effects of 
which soil fertilization through micro-organisms activity as well as socio-eco-
nomic consequences such as food safety which (quality and quantity) is typical to 
development and desert countries [21]. 
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