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It is my great pleasure to give a lecture on water and climate to strengthen flood forecasting in ASEAN member states. There are four topics today.
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First, I would like to share with you the wonderful experiences I had during my field visits as a prologue to my talk. 



1. Tokyo  Yakutsu

プレゼンター
プレゼンテーションのノート
Late November in 1997, I was in Yakutsk, Siberia. It was extremely cold, 43 degrees in Celsius below zero.



A 32m tower in Yakutsk, Siberia, 
measuring the exchange of 
water, heat and matter between 
the forest and the atmosphere.

(November 24, 1997)

プレゼンター
プレゼンテーションのノート
There was a 32-meter-high Planetary Boundary Layer Observation Tower, built in the middle of red-pine forests to observe the interaction between the atmosphere and the land surface.



プレゼンター
プレゼンテーションのノート
From the top of the tower, I saw nothing but a sea of ice-rimed red-pine trees which were monotonously stretching as far as my eye can see. 




プレゼンター
プレゼンテーションのノート
They looked totally identical, the same height and shape, as if they had been planted artificially. 




2. YakutsuMnaus

プレゼンター
プレゼンテーションのノート
Two months later, February 1998, I visited Manaus, a major urban city in the Amazon area. The air temperature was 40 degrees, of course above zero, and 100% relative humidity.




A 50m tower in Manaus, Amazon, 
measuring the exchange of water, 
heat and matter between the 
forest and the atmosphere.

(February 8, 1998)

プレゼンター
プレゼンテーションのノート
I was up on a 50-meter-high Planetary Boundary Layer Observation Tower in Manaus. 




プレゼンター
プレゼンテーションのノート
There, the forests seemed exactly opposite to those in Siberia: every single tree looked different from any of the others. To my little knowledge about plant classification, each tree was as if it had belonged to a different variety. There are also seasonal changes.




A towering giant reaching 40m into the sky

Law and slender trees
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プレゼンター
プレゼンテーションのノート
At the same time, I was surprised by the contrast and diversity at a global scale between high and low latitudes.  Because the earth is spherical in shape, the energy received from the sun is larger at lower latitudes than at higher latitudes. Then, plant production and decomposition rates are higher at lower latitudes than at higher latitudes. However, plants are more likely to be affected by pests and germs, as well as storm hazards, at lower latitudes. Those adverse effects are much less at higher latitudes. Coexistence relationships are simple at high latitudes and become extremely complex at low latitudes. Inevitably, a monotonous system characteristic of the Siberian forests is allowed at higher latitudes. At lower latitudes, on the other hand, diversity has been the key survival strategy. 
By the way, plants need three main macronutrients; nitrogen (N), potassium (K) and phosphorous (P). There is plenty of nitrogen in the atmosphere, so that's not a problem. However, K and P are highly soluble in water. The water-rich environment, the Amazon, can’t keep those macronutrients. Without a continuous supply of K and P, the Amazon can’t keep its tropical rainforests. Who can supply this essential fertilizer continuously? 




3. Mnaus Lake Chad

プレゼンター
プレゼンテーションのノート
Let’s continue our trip to find it out? Near the Chad Lake in the Sahara Desert is a whitish area, the Bodele Basin. This area used to be a wetland and kept high biological activities in the ancient era. Today it is a fossil-rich area.




プレゼンター
プレゼンテーションのノート
Due to the very local topographical effect, strong winds blow and whip up dust. As you know, in this latitude, the trade winds blow strongly in the upper atmosphere from the east to the west along the equator. 




プレゼンター
プレゼンテーションのノート
The winds transport the nutrient-rich dust from Africa over the Atlantic to South America, and the dust eventually settles in the Amazon to grow the tropical rainforests there. The most advanced satellite remote sensing, CALIPSO Lidar, can identify the flow horizontally and vertically in a quantitative way. 




In winter, 
700,000 tons per day, 
or 
80 million tons per year, 
are sent to the Atlantic Ocean, 
with 56% of that originating 
from the Bodele Depression.

40 million tons fall to 
South America annually

プレゼンター
プレゼンテーションのノート
In winter, 700,000 tons per day, or 80 million tons per year, are sent to the Atlantic Ocean, with 56% of that originating from the Bodele Depression. Then, 40 million tons fall to South America annually. The sand from the Sahara Desert grows the tropical rainforests in the Amazon! 




プレゼンター
プレゼンテーションのノート
With all these things considered, can you feel the world that is wonderfully monotonous and diverse, and yet inter-connected? What do we need to do to protect the world full of wonders like these? It would be my great pleasure if this short talk could inspire your thoughts.
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Next we would like to consider the Role of the Water Cycle in the Climate System. To begin with, what is "climate"?




The ancient Greeks believed that the angle of sunlight
changed as one travelled north or south, resulting in 
regional differences in temperature and environment. 

The English word 'climate' comes from the Ancient Greek 
word 'klima', which originally meant 'inclination' or 'slope'.

cold

warm

プレゼンター
プレゼンテーションのノート
The English word 'climate' comes from the Ancient Greek word 'klima', which originally meant 'inclination' or 'slope'. The ancient Greeks believed that the angle of sunlight changed as one travelled north or south, resulting in regional differences in temperature and environment. 
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プレゼンター
プレゼンテーションのノート
This schematic chart shows the energy flow between the atmosphere and the land surface of the Earth. 
Please suppose that energy provided from the Sun to the Earth is 100, 
almost a half of the energy, 47 out of 100, is absorbed by the Earth’s surface, which is the ocean and land surfaces, after various processes in the stratosphere and the troposphere. 
To keep an equilibrium condition, the absorbed energy should be released. If not, the temperature of the Earth’s surface continues to rise. 
There are three ways of the energy release, net long wave radiation, sensible heat, and latent heat.   
Let me explain “net long wave radiation” first. 
According to physics, matter emits radiative energy in proportion to the forth power of the surface temperature. During the daytime, the Earth’s surface warms up due to the sunshine. As a result of the surface temperature going up, upward radiative energy emits. At night, there is only upward radiative emission, but no downward energy supply from the Sun. Then, the surface cools down. It is referred as “radiative cooling”. However, if there are clouds, downward radiation due to the warm temperatures of the cloud bottom keeps the Earth warm even at night. That’s why it is not so cool in a cloudy morning.
Due to this radiation emission from the Earth’s surface and the atmosphere, 18 of 47 is released from the surface as a budget between the upward emission from the surface, 109+5=114 and the downward emission from the atmosphere, 96. 




warm wet
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プレゼンター
プレゼンテーションのノート
Next, let’s consider sensible heat transfer. You experience these analogies in daily life. When you have to eat hot soup quickly, what do you do? You blow on it, right? Doing so creates a vortex in the air above the soup. Since the air temperature is higher near the soup and lower further away, this vortex causes the cooler air from above to descend while the warmer air is carried upward. Because it is a vortex, this process repeats continuously. The air that descends near the surface of the soup absorbs heat from it and warms up. As a result, the soup cools down, and the air above it becomes warmer.
Latent heat transfer can be explained in a same way. You sprinkle gardens and streets with water in hot weather for them to cool down. Wind creates a vortex in the air above the land. Since the air is wetter near the surface and dryer further away, this vortex causes the wetter air from above to descend while the dryer air is carried upward. Because it is a vortex, this process repeats continuously. The air that descends near the surface becomes wet due to evaporation. As a result, the land surface cools down, and the air above it becomes wet. The eddies transport warmer and wetter air masses near the Earth’s surface and then warm and wet air masses are generated in the lower atmosphere, as a result.
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temperature and pressure.

21

プレゼンター
プレゼンテーションのノート
Now, let me ask you two more questions. Please raise your hand once in each question. Here’s the first one. 
Which is heavier, warm air or cool air? If you think warm air is heavier, please raise your hand. If you think cool air is heavier, please raise your hand. I suppose many of you know the correct answer. Cool air is heavier than warm air. Since warmer air is lighter, it goes upward and warms up the atmosphere. 5 out of 47 of the energy absorbed by the Earth’s surface is used for warming the atmosphere. 
Here’s the next one. Which is heavier, wet air or dry air? If you think wet air is heavier, please raise your hand. If you think dry air is heavier, please raise your hand. I suppose many of you make an incorrect answer. According to physics, the same number of molecules are included in a certain volume of gas under a certain temperature and pressure, regardless of kinds of gases. Dry air consists of nitrogen with a molecular weight of 28 and oxygen with a molecular weight of 32. The ratio is 4 to 1. The average weight is 28.8. In the case of wet air, a certain number of molecules of nitrogen and oxygen are replaced with the same number of water molecules with a molecular weight of 18. Please compare these three figures: totally dry air; 2) a little bit wet air; and 3) very wet air. 
You can understand that wetter air is lighter. 
Wetter air is lighter and goes upward. The upper atmosphere is cooler than the lower one. Water vapor is condensed into small water droplets. The droplets forms clouds. In this transformation from gas to liquid, a large amount of latent energy is released in the upper atmosphere. After that, small cloud droplets come together, aggregate into rain droplets, and fall down on the Earth’s surface without any energy exchange. This vertical water cycle transports more than half (24%) of the energy (47%) absorbed in the Earth’s surface, warms the atmosphere, and contributes to forming the climate system considerably. 
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プレゼンター
プレゼンテーションのノート
In addition to the vertical transport of water, the horizontal one also plays a key role. On the ocean surface, evaporation is larger than precipitation. It means the ocean surface level drops by 11cm/year. On the other hand, precipitation is larger than evapotranspiration on the land surface. It means more and more land surface can be inundated. Actually, a large volume of water flows down from mountains to low plains due to the gravity. Then the flow from land into ocean just fills the gap between the precipitation and the evaporation on the ocean surface considering the ratio of the global ocean and land areas. In the atmosphere, the air mass over the ocean becomes wetter due to a larger input of water as evaporation from the ocean than output as precipitation. The quite opposite situation is in the atmosphere over the land. Due to the atmospheric water vapor advection from the ocean side to the land side compensates the gap. In addition, this advection fills the gap between the atmospheric temperatures above the ocean and the land due to the difference between the solar radiation absorption through could generation and latent heat release. In this way, the horizontal water cycle plays a key role in the climate system. 
Now, you understand the close relationship between the climate system and the water cycle. 
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Nest topic is “Climate Change and Frequent Flooding”




Climate Change and Frequent Flooding

Is the frequency of heavy rainfall 
likely to increase due to climate change?

プレゼンター
プレゼンテーションのノート
Let me ask you a fundamental question. As the climate system changes, heavy rainfall events increase. Is this correct or incorrect? 



Climate Change and Frequent Flooding

Is the frequency of heavy rainfall 
likely to increase due to climate change?

プレゼンター
プレゼンテーションのノート
To get a clear answer to this question, firstly, we need to understand climate is changing.




Warming of the climate system 
is unequivocal. IPCC/AR4 (2007)

Is the climate changing?

The Intergovernmental Panel on Climate Change 
(IPCC): 

an intergovernmental organization which determines 
the state of knowledge on climate change. 

Five Assessment Reports (AR):
1990, 1995, 2001, 2007, 2013-2014, 2021-2022. 

Three Working Groups:
WG I: physical science basis
WG II: impacts, adaptation, vulnerability
WG III: mitigation of climate change 26
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プレゼンテーションのノート
The IPCC is an intergovernmental organization which determines the state of knowledge on climate change. IPCC identifies where there is an agreement in the scientific community on topics related to climate change, and where further research is needed. Its assessment reports were published six times. They were drafted and reviewed in several stages, thus guaranteeing objectivity and transparency. The IPCC does not conduct research itself but produces reports that are neutral and policy-relevant but not policy-prescriptive, mainly based on peer-reviewed papers. 
The IPCC consists of three working groups: Working Group I on the physical science basis, Working Group II on impacts, adaptation and vulnerability, and Working Group III on mitigation of climate change. It was my great honor to join WG I as one of its review editors for AR4 published in 2007. 
Responding to the question of “Is the climate changing?”, IPCC AR4 clearly concluded by saying “Warming of the climate system is unequivocal.” based on the observed changes in the global average temperature, the global average sea level, and the northern hemisphere snow cover area.
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プレゼンター
プレゼンテーションのノート
In year 2007, IPCC was awarded the Nobel Peace Prize for its long-term scientific activity.




Warming of the climate system 
is unequivocal. 

Is the climate changing?

28

IPCC/AR5 (2013)

プレゼンター
プレゼンテーションのノート
Six years later, in 2013, IPCC AR5 used the same sentence, “Warming of the climate system is unequivocal.” by adding the observed changes in the global average ocean heat content and the Arctic summer sea ice extent.
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What does change 
the climate?

Most of the observed 
increase in global average 
temperatures since the mid-
20th century is very likely 
due to the observed 
increase in anthropogenic 
greenhouse gas 
concentrations. 
(IPCC/AR4, 2007)

プレゼンター
プレゼンテーションのノート
Now that you know the climate is changing, here’s another question. What changes the climate? To answer this question, IPCC WG I worked together with 19 climate centers. They ran their own atmosphere-ocean coupled general circulation models by using actual conditions including the natural radiative forcings from the Sun and the anthropogenic forcings based on the observed concentration of greenhouse gases every year from 1910 to 2000. The results of air temperature including model uncertainties were expressed by the pink bands as shown in these figures. Five of the 19 climate centers also ran their models by using the natural forcings and a constant value of the greenhouse gas concentrations observed in 1910. The results were expressed by the blue bands. These results were compared with the observed air temperature expressed by the black thick lines for global land and ocean, global land, global ocean, and six continental scales as shown in this slide.
Then, in 2007, IPCC AR4 concluded that this change was caused by human activities by saying “Most of the observed increase in global average temperatures since the mid-20th century is very likely due to the observed increase in anthropogenic greenhouse gas concentrations.” Here, the phrase “very likely” means that more than 90% of the model results show a similar trend. 
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What does change 
the climate?

It is extremely likely that 
more than half of the 
observed increase in global 
average surface 
temperature from 1951 to 
2010 was caused by the 
anthropogenic increase in 
greenhouse gas 
concentrations and other 
anthropogenic forcings
together. (IPCC/AR5, 2013)

プレゼンター
プレゼンテーションのノート
By adding similar simulation results of the regional ocean heat content and the Arctic summer sea ice extent, IPCC AR5 draw a very similar conclusion, saying “It is extremely likely that more than half of the observed increase in global average surface temperature from 1951 to 2010 was caused by the anthropogenic increase in greenhouse gas concentrations and other anthropogenic forcings together.” Here, the phrase “extremely likely” means that more than 95% of the model results show a similar trend. 
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Is the climate changing? / What does change the climate?

It is unequivocal that 
human influence has 
warmed the atmosphere, 
ocean and land. 
Widespread and rapid 
changes in the 
atmosphere, 
ocean, cryosphere and 
biosphere have occurred.
(IPCC/AR6, 2021)

プレゼンター
プレゼンテーションのノート
Is the climate changing? / What does change the climate? In AR6, published in 2021, clear answers to these two questions were published.




Climate Change and Frequent Flooding

Is the frequency of heavy rainfall 
likely to increase due to climate change?

プレゼンター
プレゼンテーションのノート
Next, I would like to review the mechanism by which heavy rainfall events increase.
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Unique Roles of Water

Dr. Syukuro MANABE 

2021 Nobel Prize in Physics IPCC/AR6/WG1, 2021
The frequency and intensity 
of heavy precipitation events 
have increased since the 
1950s over most land area 
for which observational data 
are sufficient for trend 
analysis.
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At the global scale, extreme 
daily precipitation events are 
projected to intensify by 
about 7% for each 1 ℃ of 
global warming. 

プレゼンター
プレゼンテーションのノート
According to the radiation budget regarding the earth’s surface, as we have learned in this lecture, the solar radiation warms up the earth’s surface and then long-wave radiation emits upward. The upward long-wave radiation is absorbed by the increased greenhouse gases in the lower troposphere. As the air temperature increases in the lower troposphere, the downward long-wave radiation increases, and the earth’s surface gets warmer. To release the increased energy absorbed by the earth’s surface, warmer and wetter air masses are generated in the bottom of the troposphere in the processes of the sensible and latent heat transfers, respectively. These lighter air masses go up, forming a convective system in a limited area, which, in some cases, causes a heavy rainfall event and strong air mass convergence from wider surrounded areas. Due to the convective function, the air masses in the troposphere are mixed, and consequently not only the lower atmosphere but also the upper troposphere warm up. Heavy rainfall occurs in a narrow area more often. After the rainfall process, the upper air mass becomes dry and subsides due to the convective process. The dry air temperature increases according to the subsidence from a low pressure area to a high pressure area, and then the wide surrounding area becomes dryer. This process is called “radiation and convection equilibrium” discovered by Prof. Shukuro Manabe of Princeton University in the 1960s, and that explains the mechanism contributing to the increase in heavy rainfall events in association with the warming of the climate system. 
The most recent IPCC assessment report, AR6 published in 2021 states that the frequency and intensity of heavy precipitation events have increased since the 1950s over most land area for which observational data are sufficient for trend analysis. Furthermore, it also states that the global scale, extreme daily precipitation events are projected to intensify by about 7% for each 1 ℃ of global warming.



Climate Change and Frequent Flooding

Is the frequency of heavy rainfall 
likely to increase due to climate change?

YES

プレゼンター
プレゼンテーションのノート
Now we can understand the frequency of heavy rainfall is likely to increase due to climate change.




CRED and UNDRR 2020

プレゼンター
プレゼンテーションのノート
This shows the change in the number of disaster events by type between the past 20 years and the recent 20 years. We can understand that water-related disasters, especially floods and storms, have increased dramatically. 
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Finally, I would like to discuss how to improve Disaster Resilience and enable Sustainability
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プレゼンター
プレゼンテーションのノート
Water cycle is one of the key components of the climate system. We have been making efforts to use water efficiently and to reduce water-related disaster risks. 
Within this framework, there are various socio-economic, environmental and cultural activities, including food and energy security, ecosystem and urban management, and improving quality of life. All are closely linked to poverty, gender, inequity and peace.
We are now facing climate change, including regime shifts and hydro-climatological extremes. To address these issues holistically, we need to promote coordinated and integrated efforts to work together across disciplines and sectors. Then we can mitigate and adapt to climate change, and take a transformative step towards a sustainable and resilient path as defined in the 2030 agenda.
To realize this framework, we must promote knowledge integration through synthesis with a focus on observation, modeling, and data integration across disciplines.
Additionally, we must foster "facilitators," not masters of ceremonies, but catalytic individuals who can provide professional advice onsite using a broad range of scientific and indigenous knowledge to lead the way toward resolving problems.
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プレゼンター
プレゼンテーションのノート
Specifically, the integrated observation datasets and global modeling outputs, after downscaling and bias correction, can be used as inputs to hydrological models. The outputs of hydrological models, including water-related extremes, floods and droughts, and climate change-induced regime shifts, should be interpreted in relation to environmental, socio-economic, and cultural and historical aspects of a society. This will enable a comprehensive assessment of the impacts of climate change. Based on this comprehensive assessments, adaptation measures should be selected from various options, Once decisions have been made, the selected adaptation measures should be implemented, and the results of monitoring and evaluation of implementation should be reflected in the next decision-making. It is very important to incorporate the quantified uncertainties of climate projections into the decision-making process.
Hydro-climatological observations, modeling and prediction should be linked to societal benefit areas to support cross-sectoral decision-making. 
Based on this framework, we need to develop online synthesis function, and provide training programs for facilitators. This end-to-end approach should be established to integrate cutting-edge science into policy-making.
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Thank you very much for your attention.
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