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‘Walls of stone will stand upstream to the west


To hold back Wushan’s clouds and rain


Till a smooth lake rises in the narrow gorges.


The mountain goddess if she is still there


Will marvel at a world so changed.’


‘Swimming’, Mao Tse-tung


‘Water’s precious. Sometimes it can be more precious than gold.’


The Treasure of the Sierra Madre (1948)













INTRODUCTION


Troubled Waters


Karameh Dam, Jordan, August 2021


I’m standing on the shores of a large lake in one of the world’s driest regions. The lake is calm and peaceful, offering some respite, to the eyes at least, from the burgeoning heat of an August morning. We’re 400 m below sea level in the Jordan Valley, the lowest land point on Earth, where the sun is punishing from the moment it rises and rainfall doesn’t come for months on end. On the far shore, bleached-white banks blur into sky, with the hills of the West Bank ghostly apparitions through the haze. A lone, thin white waterbird briefly makes an appearance, barely able to break the silence or its own lethargy, before giving up and landing again. Near me on the foreshore, a handful of stunted brush trees stand unhappily in the water, a telltale white crust on their lower branches. For there is a fatal problem with this lake. The Karameh Dam, the second largest in the Kingdom of Jordan on its construction in 1995,1 was built on salty ground. Its water, desperately needed for drinking and irrigation, is entirely unusable.


A car appears, kicking up white dust, and out gets Eshak Al-Guza’a, project manager for the NGO EcoPeace Middle East. He’s an engaging thirty-something with a ready grin and readier grasp of figures. ‘This is one of our biggest failures,’ he laments, as we stare out at the disconcertingly beautiful yet dead lake. ‘Almost 52 million cubic metres [52M m3] of unusable water. In the 1990s we had all the expertise, all the technology to build a good-quality dam, but they did not do enough research about the saline springs and rocks – so we confined this fresh water, made it saline, and now there’s no technology to fix it.’ Adding insult to injury, a desalination plant was built by its shores in 2010 but closed just months later, unable to cope with the now extraordinarily high salt content – saltier even than the Dead Sea, just kilometres away. Meanwhile, Nasser – our driver for the day, and EcoPeace’s private-investment manager – sizes up the shoreline for a potential tourist park with eco-lodges and water sports. But, in truth, the lake is receding by around a metre a year through evaporation, as climate change sees the heat intensify and rains lessen. The dam’s main sluice gate now stands many metres above the waterline; opening it would only unleash a slow tumble of bone-dry pebbles.


The Karameh Dam was built, my hosts tell me, to fulfil a dream. A minister’s young son allegedly had a dream one night that a dam should be built on this site.2 So it was – for between £43 million and £75 million – in one of the driest, saltiest valleys on Earth. It appeased his son, a few influential farmers and doubtless the UK-based engineering firm that won the tender. A heady mix of hubris and greed persuaded the government to spend millions destroying what precious little surface water existed in a valley carved by the once-mighty River Jordan (today just a mere trickle of its former self, due to over-abstraction and over-allocation). ‘During the investigation phase of the dam site some scientists and specialists advised the government not to construct the dam,’ writes Elias Mechael Salameh, professor of hydrogeology and hydrochemistry at the University of Jordan. ‘But the Jordan Valley Authority of the Ministry of Water and Irrigation (JVA MoWI) ignored all criticism and warnings.’ In an interview with me, the JVA MoWI’s former secretary general, His Excellency Saad Saleh Abu Hammour,3 confirms they had such a report, and lays the blame solely with the then ministers in charge: ‘This is corruption,’ he says, adding that one minister ‘owned land over there.’


Abu Hammour now describes Jordan’s water situation as its ‘very worst’ historically: ‘We are looking for every single drop of water everywhere.’ Meanwhile, the Karameh Dam lies silent and useless, full of trillions of valuable, wasted drops. It serves as one of the modern world’s great emblems of water mismanagement – but, as we will see, it’s merely one of a long and sorry list. As Salameh wrote in 2004, the Karameh Dam ‘proved to be a hard lesson, not only learnt by Jordan, but also by other areas of the world, where decent scientific work defending the common good is ignored for the greed of a few beneficiaries.’4


The water capacity of the Karameh Dam, around 50M m3, is significant in more ways than one. The summer I visited, in 2021, Jordan was forced to purchase additional water from neighbouring Israel to stave off its latest water-shortage crisis. The amount bought – which came with an admission of national water insecurity and a side serving of regional humiliation – was the very same, 50M m3.5


Lake Mead, USA, December 2021


Minutes after leaving the National Parks Service (NPS) HQ in Boulder City, Nevada, we crest the hill, and I gasp – the ‘bathtub ring’ that encircles Lake Mead is revealed in its bleached-white ignominy, a forlorn witness to water lost. I’d read that the lake had dropped by 43 m in twenty years of drought – but seeing it in person brings home the scale. The Statue of Liberty is only slightly taller, at 46 m. If Lady Liberty’s feet touched the current water level, only her torch would rise above the original line showing when the lake was full. The whiteness of the ‘bathtub ring’ is caused by calcium carbonate in the water attaching to the red sandstone: as the lake level descends, tidemarks form on the rock like suds on an emptying tub. Even from a distance, each one is as visible as tree rings, distinguishing the relatively good years from the relatively bad. Looking down from a viewing platform near the Hoover Dam, my host, Justin Pattison, acting deputy superintendent of the NPS, points out the ring showing his past year of service, closest to the water level. It’s a wide one, marking a drop of perhaps 3.7 m. The four intake or ‘penstock’ towers for the hydroelectricity rise out of the water like skyscrapers, at least 61 m tall. They look skinny and exposed, showing their frilly underwear – the metal grills that would prevent underwater debris being sucked into the turbines, were they actually under water. Now they stand embarrassed before a photo-taking public. The intake towers, perhaps even more than the bathtub ring, make clear just how much closer the reservoir is to dead pool – when the water level becomes too low to run through the dam – than it is to ever being full again. I take some bemused selfies, feeling like a disaster tourist. On the other side of the dam, a little launch jetty for observatory boats hangs uselessly from the rock, high above water it would have floated on perhaps just a year before.


As we drive around the lake, the scale of America’s largest reservoir dawns on me, too – even this one small corner is vast, reaching to the Red Mountains on the horizon. How much vaster it should be, however, is made clear by new islands of white rock that litter the lake itself, previously little known to anyone but pleasure boaters’ depth monitors. Hemenway Harbor, where a hundred or so pleasure boats are moored and the tourist steamship the Desert Princess sets off – or used to – edges ever further towards a new archipelago of islands that breached only recently. Just ten years ago, this would all have appeared an invincible expanse of water.


Bankside at Hemenway Harbor, the launch-site road – as wide as a UK motorway – comes to an abrupt end some 50 m before the water. Each 30 cm drop in water level – which is occurring on average every month – equates to several metres of bank incline. Boaters need a concrete launch ramp to avoid sinking into the mud, but the NPS can’t extend the road fast enough. ‘The problem we’re dealing with,’ says Pattison, ‘is that by the time we get the engineering done, do the bid reviews and actually get something constructed, it’s useful for a couple of months before it needs extending again. We literally can’t keep up with the rate at which the water’s declining right now.’ To our left is a brand-new, $3-million section of road, built this year to reach the water. But it already doesn’t reach the water and stands idle. A $3-million road to nowhere. ‘It becomes a definition of insanity after a while, right?’ admits Pattison. ‘To continue to dump millions of taxpayers’ money to extend these launch ramps with the same end result of being unusable.’ Keeping these boat sites open would need investment ‘to the order of $20 million in the next two years. And you know what that gets us at the end of those two years? What we’re looking at right here.’ If (when) the lake reaches a 305 m elevation – which could happen as soon as 2024 – Hemenway Harbor will have to be abandoned entirely. Dead pool is just 273 m.


As Pattison frames it, the amount of water coming into Lake Mead won’t change much within the next year. Whatever the size of drop, he says, drop it will: ‘the water is only going down’. It’s dropped 43 m in twenty years, so the trend only points in one direction. ‘We often hear, “Well, we just need that miracle May,” or, “Just one good winter and this will all turn around . . .” What we try to impress upon people is that this is a twenty-plus-year downward trend; regardless of what happens in the next two, three, four, five years, it will continue to go down. It’s just how quick that happens.’ If the 4.6 m year-on-year decline continues, as is currently projected, the lake will reach dead-pool elevation sometime around 2029, after which the hydroelectricity turbines will no longer turn, and the Colorado River will no longer flow beyond the Hoover Dam into Arizona, let alone reach Mexico (which it barely does now) or the sea (which it hasn’t in years). If and when that happens, 40 million people – plus another million or two by then, given population growth and the never-ending south-west housebuilding boom – lose their ninety-year source of water supply.6


Akosombo Dam, Ghana, October 2021


I visited a third great reservoir in 2021. The greatest, in fact: Lake Volta, Ghana, is the world’s biggest man-made reservoir by surface area. It takes a whole-day trip from the capital, Accra, so we set out early. Emmanuel, our driver, puts on a CD of early 2000s R&B – Craig David, Usher, and the jarringly expletive-filled (in a devoutly Christian country) ‘F**k It (I Don’t Want You Back)’ by Eamon. After its fourth rotation, and still struggling through the Greater Accra traffic, I politely request a change. When we’re finally released from the grinding cogs of the city, we reach the Ghanaian countryside: flat green vistas pockmarked by steep, tree-covered hills that rise jaggedly from the ground and just as sharply disappear. Near the Shia Hills, baboons sit on the roadside, accepting snacks thrown from passing vehicles.


At midday, we reach the town of Akosombo, home to the start of the lake and the source of the country’s (and much of its neighbours’) hydroelectricity: the Akosombo Dam. Our request for an official site tour with the Volta River Authority (VRA) remains stuck in bureaucratic purgatory – a paper in-tray on a desk in the VRA’s Accra headquarters. The security checkpoint doesn’t let us through, citing ‘national security’ and heightened tensions with Togo over a disputed electricity-supply deal. Defeated, we go to the nearby Volta Hotel Akosombo, where Emmanuel knows of a glass-panelled restaurant with an excellent view over the dam. Inside, we take some unsatisfactory photos. It was a long drive just for a selfie behind glass. On my phone map, I spot a public road that passes beyond the dam and touches the shore of the mighty Lake Volta itself, at a recreation centre marked ‘Dodi World’. I persuade a sceptical Emmanuel to drive there instead. Here, we find an empty, off-season tourist ferry, and a view of the lake that unfolds all around us, filling me with happiness that verges on the emotional, on this long day in a long week. Steps lead down to the water, where a lone fisherman is launching a wooden dugout canoe. He waves to say it’s OK for us to come down, so we do. Spontaneously, I reach down and touch the water, then wash my face and neck in it. It is good, clean water. I needed to see and feel it. And then I needed to understand how this vast volume of fresh water, covering 3.6 per cent of Ghana, isn’t enough to stop the country from struggling with a water crisis of its own.


Answers come not at Lake Volta, but at the nearby holding reservoir for water supply, Lake Kpong. ‘Water shortage isn’t a problem for us at all, not at all,’ argues Yaw Adjei, manager of Kpong Water Treatment Plant (KWTP), one of five such plants built between 1954 and 2014 in the Volta region. Adjei oversees them all. At KWTP alone, he tells me, with the printed figures to hand, ‘monthly, we abstract 4,482,433 m3 of water for treatment. That’s for a month. And we supply 3,630,275 m3 [of that] to Accra.’ According to Adjei, Lake Volta’s water quality is so good that they only need to use two chemicals to treat it: lime, to adjust the pH, and chlorine. It then travels via 1.07-m-diameter pipe to the next pumping station, 48 km away, before going another 30 km or so to the capital for consumption. So, water quantity isn’t the problem. There are no ‘bathtub rings’ here, the mighty lake looks full to the brim. Adjei’s biggest headache is power. Pumping water in high-pressure pipes over 80 km requires a lot of power, and Adjei has no control over that. Despite being so close to the 1-GWh hydropower turbines of the Akosombo Dam, sometimes the power goes off, and so do the pumps. The largest reservoir within Accra itself, Weija, on the other hand, has the opposite problem: it is close enough to the people to distribute cheaply, but it’s heavily polluted, from both industry and illegal gold mining (known as galamsey), making it very expensive to treat to drinking-water standard. ‘Weija is something like stagnant water,’ complains Adjei, ‘and anything that is dumped into it remains.’ The solution in 2014 was to build a new treatment and pumping plant here at Kpong. Built by the Chinese and consequently known locally as ‘the China plant’, it can produce 149,000 m3 per day. But, says Adjei, Accra is growing so fast that demand still outstrips supply. He thinks they should build a second plant here at Kpong, ‘Even a third. Because this river, this lake, will never run dry. Never. We can put as many plants as we can build here.’ But this comes down to money and ‘the powers that be’. According to the figures of state utility Ghana Water Company (GWC), the country’s water demand is 1,131,820 m3 per day, whereas they can only supply 871,500 m3 per day – a deficit of 23 per cent.7 Unofficially, others give a much higher deficit figure. For many people in this, one of Africa’s wettest countries, that means no potable water at all.


As we drive away from Kpong back to Accra, the air cools and black clouds roil in the middle distance. The heavens duly open. Roadside drains explode into brown fountains and the roads turn into muddy rivers. I fear for our return as potholes become ponds, but Emmanuel drives calmly on, unfazed. Closer to Accra, the clouds part, and we cross a small bridge where I see a group of water trucks lined up. These are the private tucks that supply water to fill the rooftop ‘polytanks’ found on most Accra properties, with capacities ranging from 1,000 to 10,000 litres (L). On Yaw Adjei’s desk, a company calendar proudly declared that GWC’s water ‘is five times less costly’ than water from such trucks. I crane my neck as we pass to see what the trucks are doing. Below the bridge runs a small river, flowing fast from the storm shower, its water a deep red-brown with mud and detritus from the side streets and storm drains. The trucks are filling up their tanks with it, to be sold to fill polytanks. The further we drive from Lake Volta’s bounty, it seems, the less accessible it becomes.


Oxfordshire, southern England, midsummer 2022


During the summer months in the Oxfordshire town where I live, I go swimming in the local 50 m lido. With my inelegantly slow breaststroke, from time to time I accidentally gulp some of the pool’s opulent, chlorine-clean 5.9M L (5,900 m3)* of water. Sometimes I swim while it’s raining, when fewer people brave it, alone in my lane with the strangely comforting feeling of having water both above and below me. I stand a bottle of water at the end of the lane, to drink from halfway through my swim. I normally have a shower afterwards, even if I’ve showered that morning. I live a wet, drenched, quenched existence. But, as I discovered when researching this book, this won’t last. I am living on borrowed time and borrowed water. Water stolen from nature, drained from rivers and lakes and returned polluted, allows me to live this way. It will have to stop – not through some altruistic hand-wringing desire to do better, but because even in England this amount of water will soon be unavailable. Like many parts of the world, we are now using more water than we can sustainably supply. As surface-water and groundwater levels dwindle year by year, a crisis awaits. It’s simple maths. Here, too, demand is outstripping supply.


The UK’s average annual rainfall is around 1,200 mm, compared to less than 400mm in Afghanistan or double figures in Egypt.8 However, despite our winter storms, significant parts of the UK are staring down the barrel of empty water butts. Much of that four-figure rainfall average is propped up by the rainy highlands of Scotland, Wales and northern England. In south-east England, where I live, the average annual rainfall lingers around 600 mm – comparable to Lebanon or Kenya, and far drier than Sydney, Australia.9 This also happens to be the UK’s most populated area, with some 18 million inhabitants packed into just 19,000 km2, including London. And it’s drying up, fast. The government’s Water Abstraction Plan shows that, in England, 28 per cent of groundwater aquifers and up to 18 per cent of rivers and reservoirs are unsustainably abstracted, with more taken out than is put back in.* Not a single one of England’s rivers are classified as being in good ecological health – this includes chalk streams, a delicate habitat almost entirely unique to England. However, much of the public remains oblivious to a problem that we are all, at least in part, responsible for causing. Over half of the fresh water abstracted in the UK is for household use. The average Brit happily uses 153 L of water per day, through showers, toilets, dishwashers, washing machines and garden hoses. Yet climate-change projections show that dry summers in England are set to increase by up to 50 per cent, with the amount of water available reduced by at least 10–15 per cent by 2050.


Freshwater scarcity, once considered a local issue, is increasingly a global risk. In all ten annual risk reports since 2012, the World Economic Forum (WEF) has included water crisis as one of the top-five risks to the global economy. Half of the global population – almost 4 billion people – live in areas with severe water scarcity for at least one month of the year, while half a billion people face severe water scarcity all year round. Global water demand has increased by 600 per cent over the past one hundred years, while available fresh water has fallen by 22 per cent over the last twenty.10 Something has clearly got to give.


Given that 70 per cent of our blue planet’s surface is water, such a problem seems impossible. However, 97.5 per cent of that is sea or salt water, unfit for human consumption. The remaining 2.5 per cent is fresh water, but almost two thirds of it is trapped in the ice caps and permafrost. One lake alone – Baikal, in Russia – holds 20 per cent of the world’s drinking water (and even that is being polluted by tourism). As the charity WaterAid puts it, ‘If a bucket contained all the world’s water, one teacup of that would be fresh water, and just one teaspoon of that would be available for us to use.’ Rising demand and climate change are putting that teaspoonful of fresh water into shaky hands.


There’s only ever the same, finite amount of water churning around in our water cycle. Every drop of water on Earth has been here since the beginning of time, constantly recycled again and again. Up to 60 per cent of the adult human body is water (even bone is a surprisingly splashy 31 per cent). When you die and are cremated or buried, that water will be released again, to the atmosphere or the earth, and those water molecules will eventually be reunited with old friends back in the clouds. We are as intimately connected to the water cycle as rivers and lakes are. Yet, from the Yellow River in China to the Colorado River in the United States, many rivers no longer reach the sea. Often artificially straightened and dammed, water is sucked out and channelled off to supply farms, industries and households. Great lakes, from the Aral Sea in Central Asia to Lake Urmia in Iran, have nearly disappeared. Groundwater aquifers, from the Ogallala and Central Valley in the US to India and Pakistan’s Upper Ganges and Lower Indus, are being depleted faster than they can refill. The remaining fresh water is increasingly polluted with fertilizers and pesticides causing algal blooms that smother and choke ecosystems. Streams in Pakistan and Bangladesh run a rainbow of colours, dyed by the apparel industry that caters to Western fast-fashion trends. In Europe, three quarters of Spain is at risk of desertification, as are parts of Portugal, southern Italy and Cyprus, while centuries-old olive groves wither away.11


‘Climate change is water change; the climate crisis is water crisis,’ stresses Torgny Holmgren, executive director at the Stockholm International Water Institute (SIWI). ‘The bottom line is, there is a huge increase in the demand for water. We have a growing population, growing economies, more urban populations. The OECD* predict that, if these trends continue, we will need 50 per cent more water in 2050 compared to twenty years ago. And of course, that is impossible, because water is a finite resource . . . This will impact all of us.’


The COVID-19 pandemic, which unfolded in parallel to my book research, brought such water issues into sharper focus. ‘The first thing everyone was told to do was stay home and wash your hands vigorously,’ recounts Gary White, CEO of Water.org, who typically flies 300,000-plus kilometres a year to visit water projects, but in 2020 was grounded like the rest of us. But for the 2.3 billion people in the world without safe drinking water and sanitation at home,12 ‘if your daily routine is walking to collect water, you don’t have enough water to increase your handwashing by five times without making more trips out or paying more money to water vendors . . . It’s not like COVID woke us up to the need for water for hygiene; we already knew that. But I certainly think we hadn’t seen the lack of access to water and sanitation as a global crisis before. When somebody [being unable to] wash their hands in one country becomes the critical link to the spread of disease, then suddenly water and hygiene becomes a global risk.’ The pandemic widened the cracks already riven throughout the global water system. In June 2021, Mami Mizutori, the UN secretary-general’s special representative, added: ‘Drought is on the verge of becoming the next pandemic and there is no vaccine to cure it.’13


Much of this book was written – and the research trips took place – across 2021 and early 2022. This preceded major climate events, from the catastrophic flooding in Eastern Australia and Pakistan to the European drought that saw the Rhine no longer able to carry coal barges to power stations, and the Yangtze in China all but drying up.14 But my research foretold their grim inevitability. As sure as June follows May, so every year will now see new climate disasters that outstrip those that came before. The purpose of this book isn’t to catalogue such climate shocks or stand as a snapshot in time. Rather it’s to tell the stories with universal relevance, that can equally influence individuals and decision makers now and in decades to come. It is also to offer hope. The good and bad news is that, as I saw on the banks of the Karameh Dam, water crises are usually caused by all-too-human mismanagement, not climate. But, as climate change bites, precipitation patterns change and climate refugees are forced to move, the timeframe to get our act together is becoming ever shorter. We are currently using up the water sources on which our very existence relies. We can continue doing that, until the very last drop. Or we can decide to change our approach before it’s too late. The world isn’t running out of water – people are. This book is the story of how this crisis happened and how we can still avert disaster.










PART 1:


RUNNING OUT










CHAPTER 1


Approaching Day Zero


Driving from Amman to the Jordan Valley, we descend 1,400 m in a matter of minutes. To my surprise, maybe because I only associate it with aeroplanes, my ears pop. Once down at the valley floor, we pass farmland with row after row of bare metal hoops – the ribs for plastic polytunnels. The soil is full of scraps of black plastic, remnants of sheets laid to retain moisture during growing season and simply ploughed back in afterwards. Nasser slows down to point out his favourite date farm. I wonder whether I’ve ever met anyone before who has a favourite date farm. We spend a lot of the time lost. Nowhere in Jordan has a precise address, and there’s no formal postal service. The valley is Jordan’s Wild West; rural communities cluster around a single main road that cuts north to south, eking a living out of agriculture, shops and services. Streets bustle with more energy than seems right in the heat. The drive is punctuated by long expanses of irrigated agriculture, street sellers, fig plantations, the occasional shepherd corralling sheep, boys sharing donkey rides, parched desert and, every so often, the King Abdullah Canal.


The King Abdullah Canal is Jordan’s equivalent to Israel’s National Water Carrier; both built in the early 1960s to divert the water of the Yarmouk River and Jordan River to the respective country’s major cities. The 1994 Israel–Jordan peace treaty gives Jordan an annual supply of 50M m3 of water, including 75 per cent of the water from the Yarmouk River, a transboundary river it shares with Syria, plus 20M m3 transferred by pipe from Lake Tiberias (Sea of Galilee), all of which goes into the King Abdullah Canal. As the country’s main water source, from the roadside it looks decidedly modest – as if the entire North of England relied on the Leeds–Liverpool Canal for all its water supply.


Yana Abu Taleb, Jordanian director of EcoPeace Middle East, wants to show me the canal’s source – the diversion weir, from where each country takes its share. Being so close to the Syrian and Israeli borders, security is tight; we are scrutinized by armed guards, then waved into no man’s land, where we stand looking down at the Yarmouk Valley. On the horizon sits the Sea of Galilee; below, the sun-bleached hills and canyon give way to a thin strip of lush green that follows the river. A local later tells me that the Yarmouk is only a quarter of what it once was, ravaged by the abstractions upstream (and the 1987 Jordan–Israel water-allocation agreement), the Syrian civil war and climate change. Further up the valley, a broken, rusting Ottoman-era bridge* that once served the Hejaz railway stands high above the river – far higher than would be necessary now. Seeing the three together, the narrow canal and two stream-like transboundary rivers, makes it hit home just how precarious the region’s water resources really are.


Jordan’s water deficit is such that it needs to import considerably more to ensure a continuous supply, but it’s set to pay an increasingly high price. The water it gets annually via the 1994 agreement is sold by Israel at a ‘cost price’ of 4 cents (US) per cubic metre. In 2021, Jordan requested a further 50M m3 for the same price. Israel said that price was too low, Yana tells me, but she thinks they’ll come round on the understanding that ‘our national border is a national security issue . . . it’s in their own interests’. Much of EcoPeace’s work promotes these mutual interests. Its very existence, with an equal balance of Palestinian, Israeli and Jordanian staff and a director representing each country, is emblematic – showing what can be done through collaboration.


By November 2021, King Abdullah himself* personally instructed his government to devise a better long-term water strategy. According to the Water Ministry, demand in 2022 was expected to reach around 555M m3, with only around 510M m3 available. Dr Raya Al-Masri, a Jordanian academic at Surrey University’s Centre for Environment and Sustainability, told me that Jordan’s dams are at 40–60 per cent capacity most years, ‘which is around 340M m3 [in total]. But this year [2021], it’s less than 30 per cent capacity. That is a huge deficit.’ The plan devised by the king’s water minister to fill the deficit is to increase pumping from the Disi fossil aquifer shared with Saudi Arabia, from 12M m3 up to 14M m3. However, researchers like Al-Masri are not confident that this will work in the short-term, let alone the long-term. She tells me that the improvement to Amman’s water supply after the Disi water began pumping in 2010 lasted only until 2013. Initially, it was claimed that the Disi aquifer held enough water to last for fifty years.1 But now it seems the quantities are not sustainable, and other sources will be needed before 2025. That means it’s only lasted for fifteen years. The difference, Al-Masri says, is the demand calculations were based on a much smaller population, and didn’t fully take into account the consequences of climate change. Jordan’s latest census counted 1.3 million Syrians among an overall population of 10.2 million – an increase of almost 15 per cent. ‘With the refugees, the population of the north increased, so you need more water,’ says Al-Masri. ‘The water supplies in that area were already stressed, and the major groundwater aquifers already depleted.’


The costs of pumping even faster and deeper from the Disi aquifer, as the water minister wants to, also become prohibitive because, as the aquifer is depleted, the water quality worsens, becoming highly mineralized, potentially even radioactive, and difficult to treat. Some of the heralded ‘fifty-year water supply’ was always going to have to stay in the ground, Syrian war or not. So, with no other water source, the desert’s fossil aquifer is further relied upon. This brings down the timeframe of its usefulness – and brings forward the potential date of Jordan’s ‘Day Zero’, when the water runs out and significant rationing begins. According to World Resources Institute (WRI), the Middle East and North Africa have twelve of the top seventeen most water-stressed countries, with Jordan in the top five. Amman used to receive water twice weekly from the network, Yana tells me. ‘Now, we receive it once a week, and sometimes for just eight hours. So, imagine the struggle?’ Omar Shoshan, chairman of the Jordan Environmental Union, told the Jordan Times, ‘We are very close to Day Zero.’2


Cape Town’s Day Zero


It was the city authorities of Cape Town, South Africa, in late 2017, who first coined the term ‘Day Zero’: the day the water supply for a city of over 4 million people would be turned off and residents would queue at standpipes for their daily water ration. In Cape Town, this was calculated to happen if the water capacity of the city’s major dams fell below 13.5 per cent. With no rain imminent, Cape Town was on a trajectory to reach Day Zero on 12 April 2018. The phrase became a clarion call that both horrified and mobilized all Cape Town residents. Placards in toilet stalls read AVOID DAY ZERO. Only Flush After 4 No. 1s or If it’s yellow, let it mellow. If it’s brown, flush it down. Hotels pleaded with guests to take 90-second showers only! providing them with trays to stand in to collect the waste water for reuse in toilet cisterns. Swimming pools dried up and gardens turned yellow. A city once chosen by settlers for its abundant water resources had suffered two consecutive years of ‘once in a millennia’ drought. ‘If it happens, Cape Town would become the first major city in the world to shut down entirely the supply of running water in all of its homes,’ said the Globe and Mail. Cape Town’s then mayor, Patricia de Lille, told a press briefing, ‘We have reached a point of no return.’


On 1 January 2018, the city declared ‘Level 6’ water rationing: 87 L per person, per day (the WHO recommends a minimum of 100 L for sufficient health and sanitation). By February, that was heightened to ‘Level 6B’: just 50 L per person, per day. Then the final Day Zero plan was announced for the impending April date: all piped water would be turned off and replaced with 200 water standpipes dotted around the city. These standpipes, known locally as ‘pods’‚ would give a daily per-person allowance of barely 25 L (for comparison, the average American uses around 380 L*). The pods would have toilet facilities on site, with queues of up to 5,000 people expected.3 As 12 April approached, Louise Stafford, director of South Africa Water Funds for the Nature Conservancy (TNC), living on the outskirts of Cape Town, remembers the logistics. Plans were made at community level, she says: people found out where local springs were located and showered in buckets. ‘It was preparing for the worst . . . How would the people in informal settlements get water? It had a huge ripple effect. Some people really panicked.’ At the time, she blogged that ‘more than 30,000 people in the agriculture sector have lost their jobs because there’s no water to irrigate the crops. Some farmers are cutting the buds off orchard trees because if they fruit and there’s no water, it could damage them irreparably. This will have a knock-on effect on the next harvest. People from outside Cape Town are donating food for livestock because there’s a shortage of fodder.’4


But, in March, the rains finally came, and the reservoirs slowly began to recover. In May 2018, the Theewaterskloof Dam, by far the biggest in the system, did drop below the Day Zero threshold, to 12 per cent. But the five smaller dams fared better, keeping total storage to 21 per cent. The Day Zero date was pushed back to June, and then, thanks to more winter rain, was delayed indefinitely. The standpipes were never installed. At least, not yet.


Because of the high population density of cities and increasing urbanization, urban water supply is particularly vulnerable. It is estimated that, by 2050, 685 million people living in over 570 cities will face a decline in freshwater availability of at least 10 per cent, due to climate change. According to a UN report, ‘Some cities, such as Amman, Cape Town and Melbourne, can experience declines in freshwater availability by between 30 to 49 per cent, while Santiago may see a decline that exceeds 50 per cent.’ It adds, drily, ‘The societal impact and consequences are likely to be severe.’5


The question is not if but where Day Zero will strike next. There are many potential candidates. This chapter – indeed, this book – doesn’t set out to exhaustively catalogue them all. Instead, I offer a collection of stories with universal relevance; regions hanging from the precipice of water scarcity, that together form a global picture.


Cape Town’s Day Zero had, in fact, been predicted almost a decade earlier. In 2006, at the request of South Africa’s water minister, academics Asit K. Biswas and Cecilia Tortajada – then at the Institute of Water Policy, Lee Kuan Yew School of Public Policy, Singapore – gave a keynote lecture in which they predicted that ‘at least one major city would face a very serious water crisis within the next two decades. It would be a crisis of such magnitude that no earlier generation had ever faced.’ They co-authored a follow-up piece in 2018 saying that Cape Town’s Day Zero ‘confirmed our forecast’ and added a new prediction: ‘within the next 10 years at least 10 important Indian cities will face even worse water crises than Cape Town.’6 Just one year later, Chennai, India’s sixth-largest city, with some 11 million people, ran out of water.


Chennai, India


In July 2019, all four major reservoirs serving Chennai, the sixth most populous city in India, dried up. They didn’t just come close to some 12 per cent capacity figure; they became sun-cracked mud. At the start of the month, the total reservoir storage capacity was recorded at just 0.1 per cent.7 There was no municipal water supply. Day Zero had rudely arrived at the state capital of Tamil Nadu. The streets became clogged with private water tankers and desperate queues. Milk tankers were repurposed and relined to carry water from Jolarpet, some 220 km away. Soon, so were oil and kerosene trucks. Water was being taken from abandoned quarries, treated with chlorine and sent to desperate residents.8 Alpana Jain, who regularly works in Chennai, tells me, ‘People were only getting water once in fifteen days through a tanker; they would line up and fill up several jars. They were skipping baths, dry cleaning themselves, using only what was necessary. It was a challenge.’ In wealthier neighbourhoods, where homeowners had private – often illegal – boreholes down to groundwater, ‘people started digging deeper. Even 120 m wells had gone dry. So, they were digging deeper, but some just hit rock.’


Alpana Jain is now manager for cities at the Nature Conservancy India, with a focus on water. ‘Chennai, in the last ten years, has been going through alternating years of floods and droughts,’ she tells me. The city once had around 1,000 lakes, only 200 of which remain – many of them becoming ‘like dustbins for solid waste and sewage’. When Chennai lost its lakes and wetlands, it lost its water resilience. ‘Wetlands help in absorbing flood waters and then saving them for the drought or the dry season,’ explains Jain. With the wetlands destroyed, degraded, or simply built upon, that was no longer the case.


I ask how the Chennai crisis affected India as a whole. Did it shock people that one of its biggest cities could run out of water? ‘Absolutely,’ says Jain. ‘Every time there’s a drought or flood, people totally get it and start saving every drop of water. But they soon forget. This time around, it was different. People became aware. Simultaneously, the Central India Planning Commission released a report indicating that, by 2030, almost twenty big cities in India could run out of water. So, that also became a very big thing.’ Chennai did have building-code requirements for rainwater-harvesting tanks to be installed in all new buildings, which could have helped to avert the 2019 crisis. ‘India is very good at making the best policies,’ says Jain. ‘Enforcement is the biggest challenge. And we are not so good with that . . . If people’s [tanks] got clogged and so on, no one bothered to fix it. And suddenly, there was a very high increase of urbanization, people moving from rural areas to urban areas, and that’s when things went awry.’


Vaibhav Chaturvedi, fellow at the Council on Energy, Environment and Water (CEEW), Delhi, argues that Chennai’s Day Zero ‘forced people to wake up’ to the reality of water scarcity. ‘It stunned those living in Chennai; this could never have been imagined. This is a high-income city, one of the metropolises of India.’ But, he argues, ‘it’s not that Chennai is the only city which could face such severe water stress . . . Pick a state and there will be a super-dry region.’ A 24/7 water supply is almost unheard of anywhere in India, says Vaibhav. The government report Jain cited put it starkly: ‘By 2030, the country’s water demand is projected to be twice the available supply, implying severe water scarcity for hundreds of millions of people . . . 54 per cent of India’s groundwater wells are declining, and 21 major cities are expected to run out of groundwater.’9


Jackson, Mississippi


On 4 March 2021, Jazmine Walker took to Instagram in desperation. During an impassioned fourteen-minute post to camera, she said, ‘I am now over the two-week mark of being without clean water.’10 Tap water ‘has been on and off – this morning it is off, and when it’s on it’s not fit to wash with, it’s not fit to cook with, it’s not fit to drink.’ An historic winter storm had caught the Southern States by surprise, freezing and bursting many water pipes across Mississippi’s largest city. At least eighty water-main breaks and leaks had been reported. Storms such as this are freakish historically, but may become the new winter norm – a similar deep freeze had hit the US in 2020 – linked to a slipping of the gulf stream as the Arctic warms, pushing previously ‘Arctic’ weather conditions further south. ‘It’s important,’ implored Walker, ‘for us to not normalize the very inhumane thing it is to experience not having clean water, especially in, quote unquote, the richest nation in the world.’ She was now reliant on bottled water for drinking and brushing her teeth. Many people were forced to collect and melt down snow and ice for washing. A local newspaper announced that ‘Non-potable (flushing) water will be available on Monday from 9 a.m. to 6 p.m. at the following locations’, offering a list of school halls and community centres.11


Walker, a Black resident in an 80 per cent Black city, said it was ‘no coincidence’ that this was happening to one of the country’s majority-Black cities. Drinking-water systems that violate federal safety standards are 40 per cent more likely to occur in places with higher percentages of residents of colour, according to the Natural Resources Defense Council (NRDC), due to historic under-resourcing of municipal water infrastructure. Over a quarter of Jackson residents live below the federal poverty line, with obvious parallels to the lead-contamination water crisis in majority-Black Flint, Michigan, nearly four years earlier, which also came about due to chronic underinvestment. When that happens, basic services fail. Community leader Ronnie Crudup told NBC News, ‘Infrastructure has been a historic problem, and for years each administration kept kicking that can down the road. This is a long-time issue, but now we’re paying a severe price for that neglect.’12 Jackson mayor Chokwe Antar Lumumba added that the city’s wastewater and drinking-water systems require at least $2 billion for repairs. ‘It isn’t a matter of if these systems will fail, it’s a matter of when these systems will fail,’ Lumumba told the Mother Jones podcast. ‘Pipes were bursting throughout the system because they are over a hundred years old. They’re like peanut brittle.’13


The requirement for Jackson’s residents to boil tap water before using it was lifted on 17 March, having reached almost a month without potable water supply. The New York Times, meanwhile, reports an increase in drought and water shortage across the United States: ‘By 2040, according to federal government projections, extreme water shortages will be nearly ubiquitous west of Missouri. The Memphis Sands aquifer, a crucial water supply for Mississippi, Tennessee, Arkansas and Louisiana, is already overdrawn by hundreds of millions of gallons a day.’ On top of that, ‘At least 28 million Americans are likely to face megafires like the ones we are now seeing in California, in places like Texas and Florida and Georgia.’14 Wildfires are both a symptom and a cause of water scarcity. Many regions rely on trees and forests as nature’s water filter, feeding clean water into river basins; following forest fires, that ‘natural service’ has gone.


Mexico City


The mayor of Mexico City, Claudia Sheinbaum, described the 2021 drought as the city’s worst for thirty years. Countrywide, 80 per cent of Mexico suffered an historic lack of rainfall. But Mexico in general, and Mexico City in particular, has long flirted with Day Zero. Ironically, when I talk with Anaid Velasco, an environmental lawyer in Mexico City for the Mexican Centre for Environmental Law (CEMDA), it is raining heavily in North America’s largest city. ‘But rain in Mexico City doesn’t solve the problem of access to water,’ she explains. Poor infrastructure means rain ‘goes straight to the sewage; it’s basically wasted. Seasonal rain doesn’t solve the problem of scarcity . . . We go from extreme wet to extreme dry.’


Like many old cities, it is saddled with a debt from its colonial past: ‘the Spanish drained the lakes and put rivers into pipes – a crazy way to start a city,’ says Velasco. Thanks to over-extraction, Mexico City’s ground level is sinking by 50 cm per year on average, as hundreds of boreholes drain the groundwater below like milkshake through a straw.15 The city was built on the bed of Lake Texcoco, home of the legendary ‘floating’ Aztec city Tenochtitlán, and becomes more vulnerable to sinking each time the system digs deeper to access those waters. ‘We aren’t respecting the water cycle; we’re unable to inject enough water back underground,’ she says. ‘So, we’re having to take it from other water systems – in a way, stealing it from other communities.’


In Mexico City, says Velasco, around 40 per cent of the water is lost to leakages in the pipe network. This is well above the global average,* but it’s an invisible problem that attracts little political attention and public investment, despite water scarcity being a known issue. Velasco, like most Mexico City residents, doesn’t drink the tap water. She uses a water filter, but many people don’t even trust those, with an estimated 73 per cent relying on bottled drinking water, a rate which is believed to be the highest in the world.16 Many houses don’t have access to even poor-quality water: ‘They do not receive any,’ stresses Velasco. These neighbourhoods, including densely populated areas such as Iztapalapa, rely on water trucks, paying ‘at least ten times more’ than those connected to the public water supply. The poorer still, on the steep slopes of Acalpixca, rely on water delivered by donkey, each animal loaded with four 20-L jerrycans.17 When politicians want to win votes in such areas, they promise water access, Velasco says, but when elected they don’t actually deliver.


Consistently the least-served districts are those populated by indigenous communities, she says. She has represented the Yaqui community in the Sonora Desert, northern Mexico, whose water source was being drained by a nearby city authority for municipal use. The city’s excuse, says Velasco, was that the ‘water was needed to fulfil the human rights of the people in the city.’ It was a cynical but clever stance that turned many in the city against the Yaqui’s struggle. While the court was deciding, an aqueduct to the city was built anyway. Several years on, Velasco is still negotiating a percentage of who gets what out of that aqueduct. She alleges that one of the Yaqui leaders was imprisoned on a fake charge. ‘We are the sixth-most dangerous country in the world to be an environmental defender,’ she says, matter-of-factly.


São Paulo, Brazil


The closest a 20-million-plus megacity came to Day Zero was São Paulo, Brazil, in September 2014. Protesters gathered outside the headquarters of the Basic Sanitation Company of the State of São Paulo (SABESP) over water shortages imposed across South America’s – and the southern hemisphere’s – largest city, complaining of ‘days without water’.18 SABESP officially admitted that the reservoir levels of the Cantareira system, its largest set of reservoirs, serving nearly 9 million people, were down to just 7.4 per cent capacity on 25 September – perilously close to a Day Zero, and indeed well below Cape Town’s threshold. Water was now being pumped from the ‘dead storage’ – essentially, from the muddy sediment.


Lise Alves, an experienced freelance reporter in São Paulo, tells me that, during the 2014 crisis, residents were told to reduce their water usage by 20 per cent or be fined. She recalls stories of people frantically filling buckets, bathtubs and sinks as soon as the water supply came on. We speak on 7 September 2021, at the start of the dry season, and she says they’re running out of water again. ‘Brazil is run a lot on hydroelectric plants. The President [Bolsonaro] has already warned there’ll be an energy crisis bigger than we had twenty years ago; and water rationing in São Paulo is already expected, because there’s not enough for the hydroelectric plants. We’re paying three times the price of energy right now.’ According to La Prensa Latina, the Brazilian government’s new ‘water scarcity’ rate (amounting to a 14.2-reais ($2.60) surcharge on every 100 kilowatt-hours consumed) is designed to encourage households to reduce their electricity consumption.19


São Paulo plays the same dangerous game every year. Alves describes it as ‘a recurring nightmare’. In September 2016, the reservoir levels again plummeted to 17 per cent capacity.20 A federal-government water-emergency alert issued in May 2021 stated that Brazil was experiencing the worst drought in ninety-one years, with winter rains in São Paulo 56 per cent lower than average. One SABESP technician projected that the Cantareira system would again reach below 20 per cent capacity the following summer. Alves says she’s seen reports suggesting that it could soon be worse than 2014. She adds that the water they do have is unclean: there’s a sewage problem thanks to people dumping stuff in rivers and tributaries. Flooding can cause big problems too. ‘January and February down here, it takes maybe half an hour for the streets to flood because there’s also a drainage problem – the sewers and everything get clogged up.’ This year it rained hard, but ‘in the wrong places’, she laughs. The reservoirs ‘just didn’t fill up’.


In fact, the rains arrived in October, a month after we talk, just in time to avert disaster, and the Cantareira’s capacity reached 29.9 per cent – above the official rationing threshold of 20 per cent, but well below the 60 per cent normal for that time of year.21 By January 2022, the cycle began all over again, with the Brazilian Report stating: ‘six out of the 10 most populous states in the country began 2022 with water reservoirs at levels below those of last year.’ Whether São Paulo experiences Day Zero remains a yearly gamble.


Santiago, Chile


‘There was some rain this year, and people were pretty excited,’ Andrea Becerra tells me, raising my hopes. ‘But it’s still below historic averages. In fact, it’s still the second-worst year in the last twenty. So, quite terrible.’ My hopes are now dashed. Becerra, former Latin America Project lead for the Natural Resources Defense Council, says that the Santiago Metropolitan Region – one of Chile’s sixteen administrative districts – has suffered a decade-long drought, with no more than 300 mm of annual rainfall. Prior to 2010, rainfall was closer to 700 mm a year. Before the crisis reached Santiago city, the impact was mostly felt ‘in the rural communities . . . aquifers that dried out, farmers having to dig deeper and deeper wells. Last year, over 35,000 animals died from lack of water in the Metropolitan Region.’ But now the drought is biting in the urban metropolis, too.


Santiago’s surface water comes from the rain- and glacier-fed El Yeso Dam. NASA satellite images show that this mighty reservoir rapidly halved in size between 2016 and 2020, due to lack of rain and receding glaciers.22 The glaciers in the Andes are melting at an average of a metre in thickness a year, the fastest loss for a mountain region, relative to its size, in the world. Bolivia’s Tuni glacier reduced to just 1 km2 in 2021, endangering the water supply to the capital La Paz.23 In other areas, however, rapid glacial melt has given a false sense of security – when glaciers are melting so fast, they can swell streams and rivers, making up for the lack of rain. But this is fossil water – once gone, it doesn’t come back; and once you pass peak meltwater, it is a one-way ticket down. These frozen reservoirs, relied upon for so long, will simply be gone; without rainwater and groundwater, there are no other options. The NRDC report states, bleakly: ‘Precipitation [including snowfall] in the Metropolitan Region’s Andes mountains has fallen 3 cm every 10 years . . . This has contributed to 8.54 to 15.14 gigatons of glacial retreat – this would have been enough to supply all of Chile’s water needs for the next 14 years.’


In 2018, the Aculeo Lake south-west of Santiago, a tourist hotspot and one of the largest natural bodies of water in central Chile, with a surface area of 11.7 km2, totally dried out. It hasn’t returned. In just five years, reports Lorena Guzmán in Diálogo Chino, Chile’s drought has cut water availability by 37 per cent.24 ‘Santiago has a Day Zero coming, there’s no doubt about that,’ says Becerra, who wrote the NRDC report on the region.25 Two thirds of its water supply comes from glacier melt, Becerra says; that’s the only thing that has spared Santiago from Day Zero over the last decade. So, what happens when the glaciers are mostly melted? ‘That’s the big question.’


In April 2022, we got the answer. Water rationing was announced for the first time in Santiago city. A green, yellow and red alert system was introduced, based on water levels in the Mapocho and Maipo rivers. Yellow (a water-pressure drop for all) was implemented immediately. Red alerts – taps being turned off every four, six, or twelve days – were expected as soon as the summer.26


Belgium


‘We scientists have been warning for ten years that drought and water scarcity would become a problem in Belgium,’ Marijke Huysmans, professor of groundwater hydrology (Free University of Brussels) and hydrogeology (KU Leuven, Belgium), tells me. ‘And we were laughed away, literally: “In Belgium it rains all the time!”’ But, during the drought of 2020, thousands of homes suddenly had no tap water. ‘We were on television and in newspapers every day. It was like a trigger in the public perception that this was something serious.’ Belgium – famous for rain, peeing fountains and muddy cycling – was recently ranked twenty-second on a list of the most water-stressed countries, above Mexico and Syria.27


Belgium is a case study in how modern urban development affects groundwater. It’s an immaculately hydrologically drained country. If all roads lead to Rome, then in Belgium all roads, dykes and drains lead to the sea. But the longer dry periods of climate change mean it must now hold some water back, or the taps will run dry. In 2020, Huysmans wrote in her groundwater blog, ‘Why does Flanders suffer from water shortages? The warm and dry summers of the past few years have made it all too apparent . . . Flanders has water reserves of 1,500 m³ per person per annum. This is “very little” compared to international norms.’ Generally, less than 1,000 m³ per person, per annum is considered ‘a severe shortage’. Huysmans continues, ‘Furthermore, Flanders is a densely populated region . . . chaotic town planning has meant that large areas are built on or tarmacked or concreted over. 14.5 per cent of the surface area of Flanders is covered in this way.’ Combined, these three factors, plus climate change, ‘create a recipe for water supply issues’.28


Huysmans says the situation is ‘getting worse . . . our groundwater is not doing as well as it should be this time of year . . . We complain about rain a lot, as I’m sure you do in the UK,* but objectively it doesn’t actually rain so much.’ Drought and flood are two sides of the same coin. Dry or tarmacked surfaces also lead to higher flood risk when heavy rains do come – as they did so catastrophically in July 2021, when forty-two people died across Belgium. Climate change is wreaking havoc with the regional rainfall, says Huysmans, and the duration, ‘intensity and the frequency of the droughts we are seeing now, it’s even worse than the climate models predicted . . . there is another drought and another drought, and groundwater levels are just going down.’


There’s no clear distinction between groundwater and surface water: rivers and streams are fed by groundwater and, to an extent, vice versa. Huysmans explains: ‘Many of our small rivers are mainly fed by groundwater: 60–80 per cent of the river water in the small rivers used by farmers, for example, actually comes from groundwater.’ Even when we speak, in December, farmers are restricted from pumping water because the levels are still so low. This has happened four years in a row, she says, and has been a disaster. A comparison of shallow groundwater levels between 2000 and 2020 finds decreased groundwater in 70 per cent of measuring stations across Belgium.29


Water demand is also an issue. Non-essential use of domestic water is typically banned every summer, but Huysmans says certain regions have come very close to having no tap water at all. During very dry and hot periods, the demand for water increases by 50 per cent. ‘Obviously, that becomes very, very difficult for the drinking-water companies.’ According to Huysmans, Belgium should be ‘prepared for both more long periods of drought and more intense rains, because this is exactly what we expect.’


Pakistan


Pakistan is running out of drinking water. Per-person surface-water availability in the country went down from 5,260 m3 per year in 1951 to around 1,000 m3 in 2016 – below the crucial ‘severely water-scarce’ threshold – and is likely to drop to about 860 m3 by as soon as 2025.30 ‘The availability of clean drinking water is a huge problem,’ explains Maheen Malik, country coordinator at the Alliance for Water Stewardship (AWS), speaking to me from Lahore, Pakistan’s second-largest city, in late 2020. Pakistan has a growing population and limited resources. ‘Because we share water with other countries, the geopolitics must be taken into account,’ says Malik. ‘One of the reasons for the major discontent between Pakistan and India over Kashmir is the water that’s available [there]’. And then there’s agriculture, which ‘makes up more than 90 per cent of water used. We are very much an agriculture-based economy.’ The Pakistani authorities anticipate a likely deficit of 38 km3 of water by 2025* (128 km3 is used annually for agricultural irrigation), with total groundwater reserves of only 30 km3.31


Pakistan’s four provinces each have their own distinct but equally acute water problems. In the north, the main issue is access, says Malik: ‘Usually women or kids go and fetch it from the nearby river. Whereas in Punjab, we have access, but there’s a lot of pollution. In Sindh, the groundwater has a very high TDS [Total Dissolved Solids – a generic water-quality reading] because it’s very salty – there’s a lot of salt-water intrusion, so you can’t utilize the groundwater, and there’s limited surface water. Then, in Balochistan, water is as scarce as it gets.’


Pakistan ranks fourth globally in terms of annual groundwater abstraction – an unwanted title it vies for alongside the much larger India, China and the United States. The Indus Basin aquifer, from which Pakistan extracts most of its groundwater reserves, has been ranked the second-most overstressed in the world.32 With informal, often unregulated water pumping, this is causing a literal drain on Pakistan’s water supply. There’s no licensing system, Malik says, ‘so many people extract groundwater via unlicensed boreholes.’ Pakistan is also the world’s largest exporter of groundwater, in terms of the water used to produce water-intensive export products such as leather, textiles and rice.33 The little water Pakistan does have is being packaged up and sent elsewhere. The likely climate consequence of extreme drought is extreme flooding. This happened to Pakistan with devastating consequences in September 2022, when the most widespread flooding in its seventy-three-year history left one third of the country under water. Balochistan, Pakistan’s poorest and typically driest province, saw flooding destroy 60 per cent of the houses.34 As the floodwaters receded, Unicef warned that ‘the sheer scale of damage is being revealed. Hundreds of thousands of homes have been damaged or destroyed, while many public health facilities, water systems and schools have been destroyed or damaged.’35 Al Jazeera reported 1,500 dead, commenting that ‘this tragedy has highlighted the desperate urgency of reinforcing climate defences, in Pakistan and elsewhere.’36


The Mekong Delta


The Mekong River is the longest in South-East Asia and the tenth-largest in the world, flowing some 4,350 km through China, Myanmar, Laos, Thailand, Cambodia and Vietnam, covering more than 800,000 km², its waterside home to around 100 million people. Two capital cities – Vientiane (Laos) and Phnom Penh (Cambodia) – stand on its banks. A failure of the Mekong would cause a domino effect of Day Zeroes for countless cities. The Vietnamese section alone is inhabited by more than 21 million people.


Chi Nguyen was born and raised in the Mekong Delta region of Vietnam and lectures in environmental communication. When we speak in May 2021, she is in her hometown, Can Tho. As the major food-producing region of Vietnam, the Mekong Delta is acutely vulnerable to climate change and transboundary water disputes. Despite being the ‘rice bowl of Vietnam’, Nguyen tells me, it is ‘the poorest region and least-developed in Vietnam’. In Brian Eyler’s book Last Days of the Mighty Mekong, he situates Can Tho, 90 km upstream from where the Mekong meets the East Sea, within ‘one of the most engineered landscapes on the planet, a flat and fertile agricultural plain crisscrossed with a network of 30,000 km of rivers and man-made canals.’37 China’s upstream dams may be located 2,500 km away, but the massive amounts of fresh water they hold back affect the flow, sediment and salinity levels for Vietnam’s Mekong Delta. Such transboundary issues are compounded by the suspicion that ‘Vietnam doesn’t have a lot of voice with the Mekong River Commission,’ says Nguyen, of the inter-governmental organization that works to ‘jointly’ manage shared resources.


She says the many dams built upstream in China affect the river’s flow downstream. Most people rely on the river as their main income, but fish stocks are depleted; the decreased quality of the soil, sediment and the water itself affect the rice and shrimp industries. Farmers who could previously grow three rice crops per year, now grow only two. Coconut crops have reduced by half. New crop types are being trialled to work with the increased salinity. But the main solution favoured by farmers is abandoning the river entirely and pumping groundwater instead. The rate of groundwater extraction is so high that it has already exceeded the aquifer’s ability to naturally recharge, despite the annual monsoons. In 2019, rainfall reached only 60–70 per cent of the annual average, while the dry season of 2020 broke all records.38 Every day, 2.5M m3 of water are withdrawn, causing the delta to sink by centimetres each year – a dangerous predicament, given that the sea levels are also rising due to climate change. Salt-water intrusion therefore creeps ever further inland, like a cancer. In 2019, salt water reached as far inland as 130 km.39 Projections show high tides subsuming much of Vietnam – and most of the Mekong Delta – by 2050.


Ironically, Nguyen has helped documentary-makers from Hong Kong to record how bad the situation has become, while mainstream Vietnamese media are ‘not allowed’ to mention it. Most local journalists know all too well that they can’t criticize China. Having already built eleven dams across the upper Mekong, China has helped downstream countries such as Laos and Cambodia to build more. Researchers found that ‘China’s dams restricted nearly all upper Mekong wet-season flow’, leading to the drought in the lower Mekong region in 2019.40 This makes Beijing an easy scapegoat. But Beijing is itself one of the most water-scarce capitals in the world, with water availability of only 193 m3 per capita.41 A 2020 study found that, of all the world’s urban centres, China’s Pearl River Delta, the country’s manufacturing hub and home to tens of millions, is the most at risk from rising sea levels – more so, even, than the Mekong.42


Sub-Saharan Africa


Cape Town may not be the most likely site for Southern Africa’s next Day Zero. Themba Gumbo, a water engineer from Zimbabwe, based in Pretoria, says that the urban region most at risk is Johannesburg–Pretoria. ‘I don’t think we are much prepared for that kind of scenario . . . There’ll be more chaos here,’ he warns. This urban conglomeration, home to some 15 million, ‘is the economic hub, with all the major industries, but that means it also generates a lot of waste.’ Waste flows are poorly managed, and end up in the Vaal River system, the original water source. The severe pollution problem is exacerbated ‘not only by pollution from human waste, but also from the mines, what we call acid-mine drainage – the city of Johannesburg is full of holes underneath from mining.’


In Harare, Zimbabwe, too, he says, ‘probably 80 per cent of the population is off-grid, with boreholes and tanks; they move water around because the centralized system has failed.’ Arguably Harare is already living with Day Zero, forced to survive on private, unconstrained groundwater pumping. The Sahel, meanwhile, is among the most water-stressed regions on Earth. Record-low rainfalls – comparable to a major dry period in 2011 that led to thousands of deaths – have caused a sharp drop in crop production. Patrick Youssef, Africa director for the ICRC (International Committee of the Red Cross), told ReliefWeb in May 2022, ‘In some places in Burkina Faso people wait in line for 72 hours to access boreholes. Their lives are completely revolving around reaching water. Should the situation deteriorate further, we are facing the real possibility of people . . . dying of thirst.’43 Further south, in Maputo, the capital of Mozambique, a persistent drought has been ongoing since 2015, with water rationing introduced in 2018.44 Meanwhile, Day Zero in Accra (a city of some 5 million people), Ghana, ‘happened as recently as April’ 2021, Accra resident Richard Matey tells me in June that year. ‘The Ghana Water Company closed the taps for a week due to some maintenance issues,’ leaving about half the population with no access to water.


‘In this part of the world, we say, “If you jump into a river, then dust yourself down,”’ jokes Gumbo. ‘Because, most of the time, it’s just a dry channel.’ The ongoing challenge for water authorities in Southern Africa – in terms of both demand and supply – is ‘the rate of urbanization’. ‘It’s a huge problem throughout South Africa, maybe throughout the whole region; informal settlements are sprouting everywhere.’ In South Africa specifically, the Water Act provides basic water rights; each household is entitled to 6 m3 (6,000 L) free per month. But revenue isn’t going to the municipality to manage the services. Not everyone that is required to pay does so – and the subsidized limit is rarely checked or enforced. Gumbo tells me of his friend in a Soweto township who was unsure of where his water meter was: in five years, no one had ever looked at it. ‘That is the state of things.’


*


Back in the drenched lowlands of the Netherlands, Rick Hogeboom, head of the international Water Footprint Network, has a different take on the Day Zero concept. He visited Cape Town during the peak of Day Zero, when rationing was down to just 50 L per day. ‘It was no fun. I couldn’t even take a shower. And in the slums, of course, the situation was way worse.’ But, he says, ‘it’s a management problem. The infrastructure was just lacking. There’s enough water in the region to support the population in Cape Town, period.’ He cites wineries and wine production as the mainstay of the area’s economy. ‘There’s a lot of wine farms producing grapes in the outskirts of Cape Town. From a water-systems perspective, that’s still the same water. Did the wineries suffer from [the same] water shortages during Day Zero? They did not. It’s a $4-billion industry.’ Policymakers make water-allocation choices and those choices impact society and inequality, he argues: for any city, water supply is a ‘preventable and manageable’ problem. The problem, he says, is more typically a lack of storage – both in surface reservoirs and underground – and ageing, leaking pipes. There’s long been complacency in many cities and countries, who rely on creaking infrastructure and seasonal rains arriving like clockwork to save the day. This system may have worked, just about, in the twentieth century. But now the rains – and the water cycle – are no longer dependable.










CHAPTER 2


The Water Cycle Is Changing


The Prampram-Tekponya community used to live in a remote coastal village in southern Ghana, surrounded by fertile farmland and abundant freshwater streams. Life was good. Until the developers came. First, they moved the villagers closer to the beach; the seaside held no allure for urban types. Still, there was a large stream and a lake, which the community dammed at the coastal end by planting trees, so it wasn’t a bad relocation. Most villagers live in makeshift homes of timber and corrugated iron, or with more traditional mud walls and palm-leaf roofs. Only in the past five years did the coast became fashionable, and droves of developers began building up to and in front of the village. Concrete and breeze blocks steadily choked off the streams feeding their dam. The villagers and the lake may have survived even this, thanks to Ghana’s two monsoons a year. But the rainy seasons are no longer what they were. The developers built the coffin, but climate change has driven the nails in.


I visit in what should be the end of the wet season, September, but very little rain has fallen – the village dam looks as if it’s the middle of the dry season, barely a metre of muddy water clogged with weeds. This, the villagers tell me, means ‘it will certainly fully dry up this time. Then, what will we do?’


Before travelling to Prampram-Tekponya, I speak with Richard Matey of the small local NGO Alliance for Empowering Rural Communities (AERC), who helped set up my meeting with the villagers. ‘It is a huge challenge,’ he tells me. ‘We should have been experiencing heavy rainfall from April to July, but there hasn’t been rain. When we hit April, May, June, it gets colder, you normally put on your pullovers . . . in 2021, it’s very, very warm; 2020 was recorded as our hottest year and it’s likely that 2021 will be even hotter.’ Climate change is causing wetter regions to get wetter and drier regions to get drier. The question for countries like Ghana, in the tropics of Africa, is which way they’ll go. Matey predicts, ‘It is going to be drier – even the tropical areas are beginning to experience dryness.’


To visit the Prampram-Tekponya community, I’m told by my host for the day, Felix Best Agorvor, Richard’s colleague at AERC, we must first seek permission from the chief. We pick Felix up in the car on the road out of Greater Accra. While the roads get less and less passable, we never really leave a built-up area. As we pass building sites and industrial yards, Felix – who is only in his twenties – keeps exclaiming, ‘That never used to be there!’ When we reach Prampram-Tekponya, it is a rural oasis within an urban sprawl – the last of its kind, here. The chief’s ‘palace’ is the only concrete-walled building in the village. We find that the chief isn’t at home, but his wife, Naadu Mateye, grants us an audience. Plastic chairs are placed under the shade of a barwood tree in the yard. Naadu Mateye is stern-faced, not keen on long answers, while Felix interprets. The village received a connection to the municipal water supply ten years ago, Mateye tells us, but there is only one tap, connected to a water meter. The village monthly water bill ranges from GHȼ1,000 to GHȼ2,000 (Ghanaian cedi, or £120 to £240, $142 to $285),* while the villagers pay the chief for what they use, at 60Gp (Ghanaian pesewas, or 7p) per gallon. Yellow plastic one-gallon jerrycans can be seen in every yard we pass. I ask what people do when they can’t afford to pay. Naadu Mateye points to the stream, the yoduwekope,* behind the houses – barely more than a muddy ditch. An older lady I meet later remembers it as a clear, flowing river. It used to be a farming village, with abundant land to farm and reliable rain; now, developers have taken most of the land, and the rains don’t come. Everyone I speak to tells me the same thing: the rainy season used to begin in May, but last year it simply didn’t arrive. This year was the same again. Now, occasional heavy rain might fall in August or September, hitting long-parched ground and immediately flooding, before draining away.


When I ask Naadu Mateye what solution would help her here, she says, ‘A dam,’ meaning an additional local pond for the women to fetch water from. Then she receives a call on her mobile – it’s her husband, Chief Nene Kwaku Abladu. He is granting us an audience after all, but only over the phone. The chief proposes a different solution: currently he has just one polytank that fills with municipal tap water. So, three more would do the trick. Naadu Mateye, then, wants more storage of free river- and rainwater, while the chief wants more storage of the treated water that he sells – an expansion of his business, in effect, and one he has a monopoly over. Nevertheless, the only tap can go for two weeks without water supply, so one polytank really isn’t sufficient to store enough for the community’s uses.


When the chief kindly gives us permission to walk around the village and talk to some of the villagers, however, we learn just how costly this water is for people living hand-to-mouth. I talk to one fishing family. The wife, let’s call her Afi,* is at home with her mother-in-law, Joy. She confirms that buying water from the chief’s polytank costs them 60Gp per gallon and, when they don’t have money, they take water from the stream. She tells a child to fetch me a plastic glass of stream water from a nearby jerrycan (indicating that they regularly can’t afford the treated tap water) – it’s too dirty to see even a couple of centimetres down, let alone to the bottom of the small cup. I ask if it makes them sick. Joy nods and makes a retching motion with her hands. Was the stream cleaner when Joy was young? She smiles and widens her hands, signalling abundance.


Such dirty water is ‘treated’ in various ways. The traditional way, Felix explains, is to burn dried pumpkin or coconut husks and use the smoke to ‘purify’ the water; this is a taste that many Ghanaians would recognize and like, he says. Another way is to add ‘alum’, explains Felix, a chemical water treatment readily available in local markets. When added to water, it’s an effective coagulant, sticking to impurities and making them drop to the bottom of the container, clarifying the water ready for drinking. It’s also used by locals as an underarm deodorant.*


The chief’s charge of 60Gp per gallon of tap water is too expensive, says Afi. She and her family buy that water only for drinking, and for washing clothes for special occasions (including, ironically, meetings with the chief). But they can’t afford it all the time. Her husband the fisherman, Ekow, arrives and eyes me nervously before sitting down. He says sometimes he returns from fishing with nothing, and therefore earns no money; on very good days, he might earn GHȼ200 (£19.50/$23), but bumper catches are getting rarer. I ask how much of their household expenditure goes on water. Afi and Ekow confer and then respond that their spending is typically around GHȼ10 a day, and of that around GHȼ5 is for water. So, half of all their already very low household income is spent on water. Some of that goes as profit to the chief, yes, but the majority simply goes to Ghana Water Company (GWC), who charge far more for water than many Western utility companies do, to customers earning on average far less. Even Felix tells me he is shocked by this.


When I ask Afi and Ekow what solution would help them, unsurprisingly their answer isn’t the same as the chief’s. Ekow would ideally like a piped water connection of their own, to cut out the middleman (the chief, although Ekow is far too deferential to name him) and just pay directly for what they use. GWC has quoted him GHȼ2,500 (£305/$415) for such a connection, which is a significant part of his annual income and simply unaffordable. Felix tells me that installing his own connection in town cost closer to GHȼ1,000 (£120/$165), due to his proximity to the mains pipe. In town, you are always closer to the municipal supply than you are in a rural village, and GWC rates seemingly have no concession for this. ‘Water is expensive,’ says Felix, in blunt summary. It makes me think, guiltily, of just how cheap it is in the UK.


The village is cut in half by the yoduwekope stream, but at some point a road was added and developers moved in, separating the two sides of Prampram-Tekponya by perhaps as much as a couple of kilometres. The other side feels quite different. They share the same chief, but there seems to be more autonomy here – the population is bigger, there’s a school, the houses are built more permanently. I sit under the shade of a large mango tree in the neat, spacious courtyard of an elder. His son, we’ll call him Kosi, sits with me to answer my questions in English. This side of the village has a separate water connection and polytank, and the elder whose courtyard I’m in appears to have the monopoly. Here, the rate is 80Gp to GHȼ1 per gallon. Perhaps they don’t know that this is a 33–66 per cent markup compared to the other side of the tracks. Perhaps the chief is making concessions for the poorest families, after all.


For free water, the one dammed pond is on this side of the village too. But this year, ‘The rain didn’t come,’ says Kosi. ‘Barely two, three, four months after the rainy season, the dam dried up. So, we really depend on Ghana Water and have only one tap. Fortunately, our MP donated a polytank, so, when the water is flowing, we fill the tank and then we sell it . . . but, because Ghana Water is not reliable, it doesn’t flow frequently . . . It can be only two or three days a month, or they can decide to close it for one month, two months.’ When the polytank is empty, they are dependent on the dam or must buy water in the town, for GHȼ1.5 a gallon (a 150 per cent markup, compared to the chief’s price), plus between GHȼ10 and GHȼ50 for car hire. ‘You have no choice because you don’t have water.’


Kosi and his older brother Akwasi suggest we go to see the dam itself, a short walk away. The beautifully mud-rendered dwellings give way to half-finished breeze-block buildings. The dam is a large pond, roughly 200 m by 400 m, surrounded by trees and reeds, with a thick cover of water lilies on the surface. A few well-trodden metres down the bank is the small muddy shoreline where the villagers retrieve their water – a large plastic bottle lies abandoned, half-full of muddy water. The water at this end is only 30 cm or so deep; at this time of year, at the end of the rainy season, the dam should be full, even at risk of overflowing the bank that currently stands high and dry, metres above. Less than a kilometre away, a red-roofed house is built almost into the dam itself, and the roofs of several other developments are visible not much further away. The dam, it seems, is simply an inconvenience for the developers. Wealthy housebuilders don’t care about free water from dirty ponds; they have their water delivered via truck or GWC pipe. For developers, the sooner the dam dries up and is built upon, the better.


‘This is the only reliable source of water we have,’ says Akwasi. ‘But people are not reasonable . . . they are not thinking of the future of the dam, they are only thinking to build their houses.’ Akwasi believes the dam will inevitably dry up this winter. As we drive away, we pass several more houses being constructed. In the shade of a tree, four young men stare at us as we drive past. ‘They are langas,’ warns Felix. ‘If you mess with the builders, they will beat you. They are paid to agitate. That’s the fear in the community.’ Development brings jobs, voters and taxes. But it does not bring water. And it does not bring the rain.


*


Jay Famiglietti is to water academia what Tiger Woods is to golf: you don’t write a book about water without spending some time at his court. His back catalogue includes professor of Earth-system science at the University of California, Irvine; senior water scientist at NASA; and water adviser to California governor Jerry Brown and the US Congress.1 When we talk, he’s director of the Global Institute for Water Security (GIWS) at the University of Saskatchewan, Canada. And he’s a podcast host: Let’s Talk About Water, seasons one and two, and What About Water? with Jay Famiglietti, both of which open with a pleasingly banging techno intro to pump you up to match Jay’s enthusiasm levels.


Jay’s biggest hit to date was his part in NASA’s Gravity Recovery and Climate Experiment (GRACE), which identified groundwater depletion in the world’s major aquifers. The theoretical work behind it was done as far back as the 1920s, when geophysicists worked out that vast accumulations of underground water could affect the gravitational pull in those parts of the Earth. ‘They knew that the movement of water underground impacted the gravity field, but back then they had no way of measuring it,’ says Jay, from his makeshift home office – they have recently moved, and behind him is a whiteboard with mathematical equations (his wife’s) and a guitar (his) propped up against the wall. The GRACE satellite, launched in March 2002, finally provided the measurement. This wasn’t a purely environmental mission. If you’re going to run a space programme, says Jay, ‘You really need to understand the gravity field to get precision orbits and know where a rocket’s going to re-enter the atmosphere.’


GRACE works, Jay simplifies, like a ‘scale in the sky’. As the satellite passes the Earth’s land surface, its equipment is pulled in ever so slightly by the stronger gravitational pull caused by underground water. The data produced has helped to build a highly accurate global map of groundwater and – over time, as GRACE fed back data from 2002 to 2017 – of groundwater depletion. The 2015 paper, ‘Quantifying renewable groundwater stress with GRACE’, on which Jay is the corresponding author, was groundbreaking. It found that, of the world’s thirty-seven largest aquifers, twenty-one were receding faster than they were being naturally replenished. There were two smoking guns. One: human overuse. The aquifers in the worst health were those with the highest levels of irrigation demand and population density. The most overstressed aquifer systems of all, with the highest depletion rates and little to no available recharge, were the Arabian, the Murzuk-Djado Basin (North Africa), the Indus (India and Pakistan) and California’s Central Valley (see Graph 1). The second smoking gun, a changing water cycle, caused by climate change. As water disappears from one region, it must reappear elsewhere – and indeed there are some major aquifers with a positive bank balance, including the Northern Great Plains (US and Canada), the Amazon Basin and the Karoo Basin (South Africa).


But having more water doesn’t necessarily make these places the ‘winners’ in a changing water cycle. Wetter can mean increased flooding. Saskatchewan in Canada, where Jay used to live up until recently, is one of the places getting wetter. ‘Some of that is good; Canada grows a lot of food and wants to grow more food. So, it’s an abundant resource. The bad part is the way [precipitation] is being delivered is more episodic. The variability is changing.’ There’s more heavy rain, interspersed with longer periods of drought; the oscillations from wet to dry are getting stronger. This means more floods and more drought. Jay describes it as an ‘intensification of the water cycle’. A warmer world sees more water held in the atmospheric stage of the water cycle,* meaning that the ‘swings of the water cycle are getting bigger.’ When I speak to Jay, I note that the UK has just had its wettest-ever February followed by its driest-ever May. ‘That’s it,’ he says. ‘Like a see-saw from wet to dry – the whole world is seeing this . . . and that’s super difficult for water management.’


In his 2016 RBC Distinguished Lecture at the Water Institute, Jay elaborated on his 2015 paper.2 The most depleted aquifers were ‘past sustainability tipping points,’ he said. ‘Some of them at super-rapid rates, like India, Pakistan, the Middle East, Central Valley, the Guarani aquifer. These are all our big food-producing regions . . . I don’t think we’re really ready . . . The world is not ready . . . We will have the haves and the have nots of water.’ When we speak in 2020, Jay stresses that his 2015 paper wasn’t simply a snapshot in time: ‘The trend is linear,’ he says, and this is broadly climate-driven. ‘The high latitudes are getting wetter, the arid regions drier, the ice sheets and glaciers continue to melt . . . If you were to remake that map every five years, you’d see the same direction of travel.’


[image: A line graph titled watching groundwater depletion from the sky plots total water storage anomaly against years, ranging from 2002 to 2020. The following regions show considerable depletion: Arabian Peninsula; Canning Basin; Central Valley, California; north China Plain; northwest India; northwest Sahara; southern Ogallala; and Tarim Basin. The depletion is from around 10 to around negative 20, on average. A data gap is marked approximately between 2017 and 2019.]


According to a 2017 World Bank report, ‘Climate change will worsen the situation by altering hydrological cycles, making water more unpredictable and increasing the frequency and intensity of floods and droughts.’3 Sandra Postel, director of the Global Water Policy Project, appeared on Jay’s podcast in late 2021 and proclaimed that ‘the water cycle is broken’. Our part in that can be found in how we’ve managed water and land. Globally, 60,000 large dams are blocking rivers from flowing their natural course, said Postel: ‘We have huge levees to guard against flooding, but rivers are meant to flood. They’re no longer connecting to their floodplain – that’s a break in the water cycle. Groundwater is the base flow for rivers.’ The double whammy of man-made climate change and man-made engineering means that ‘the heating of the atmosphere is fundamentally changing the water cycle, the warmer atmosphere is holding more moisture, which means that droughts and floods are intensifying.’ Postel says this is fundamentally changing water cycles everywhere – ‘locally, globally, regionally’ – and will dramatically impact ‘food security, water security, the health of people and nature in general.’4 Our ‘command and control’ approach to water is, she says, a ‘Faustian bargain that is breaking the water cycle.’


In 2021, it seemed, the Devil wanted his payback. In July, heavy rain hit western Germany. Cologne recorded 154 mm of rainfall in only twenty-four hours, nearly double its monthly average for the whole of July (87 mm). In Reifferscheid, an incredible 207 mm of rain fell in only nine hours. The world watched as houses and cars flowed down picture-postcard black-timbered streets. Buildings collapsed like matchstick models, and whole fields disappeared into sinkholes. Within a week, Germany recorded forty-nine deaths; there were six more as the storm passed through the Netherlands, Belgium and Luxembourg. At the height of the chaos, in Germany’s worst-hit Rhineland-Palatinate state, 1,300 people were assumed missing.5 On 16 July, Fridays for Future activist Luisa Neubauer tweeted: ‘Here in Germany, dozens have died in floods, hundreds are missing, thousands have lost their homes. It’s devastating. This is the climate crisis unravelling in one of the richest parts of the world – which for a long time thought it would be “safe”. No place is “safe” anymore.’6


Barely a week later, Zhengzhou, China, said, ‘Hold my beer.’ The Zhengzhou weather station recorded a staggering 201.9 mm in one hour, between 4 p.m. and 5 p.m. local time, on 20 July. According to weather blogger Minghao Zhou, this was a new hourly record for all 2,418 national stations in mainland China and ‘possibly the largest downpour in human history for a city with 10+ million population.’7 By the end of that day, the Zhengzhou station had recorded 612.9 mm in twenty-four hours. To put that into perspective, I’ve been keeping a rain gauge in my back garden for this book, diligently updating a weekly spreadsheet. Throughout the whole of 2021, in soggy old England, where it rains every month (the longest dry period I’ve had is three weeks), I recorded 624 mm. Pretty much the same as Zhengzhou received in that one day. No wonder the hydrologist and climatologist Peter Gleick tweeted on 23 July: ‘I’m immersed (so to speak) in the history of extreme weather. But this is unfathomable to me.’8 It was easily the highest daily rainfall recorded in Zhengzhou: its annual average is only 640 mm.9 Other parts of the province were also badly affected, with dozens of cities flooded. On 2 August, the Henan provincial authorities reported 302 deaths, 292 of which came in Zhengzhou.


According to UN Water, the number and duration of droughts has increased by 29 per cent since 2000, compared to the two previous decades; but flood-related disasters have increased by 134 per cent over the same period. In December 2021, record rain hit Los Angeles too. Parts of Santa Barbara County saw more than 178 mm in one day, while downtown Los Angeles surpassed its previous record, set in 1888. The Los Angeles Times described ‘the normally constrained L.A. River . . . sucking vehicles down its surging waters’.10


Shortly after the extreme events of Germany and Zhengzhou, I contacted Dr Jennifer Francis, senior scientist at the Woodwell Climate Research Center, Massachusetts, to ask her what the hell was going on. She had just written an op-ed for The Hill stating, ‘To be clear, summer heatwaves and floods have always happened. What’s new is that the intensity, persistence, location, frequency and expanse are beyond what we call normal. Long-standing records are being smashed by large margins . . . the pace of worsening weather is faster than forecasted.’11 Francis worked in the Arctic in the 1980s with the University of Washington’s Polar Science Center. At first, the ‘Arctic wasn’t changing and climate science wasn’t a thing yet,’ but then, in the 1990s, ice sheets dating back to the previous Ice Age began melting. She’s now, primarily, a climate scientist. She’d rather be back studying the unchanging, pristine Arctic that she still remembers, but it is now, by definition, impossible to be an Arctic researcher without also researching a changing climate. The Arctic is the fastest-warming region on Earth.


‘Globally, we’re seeing longer wet spells, and longer dry spells. And when it does rain, it tends to rain harder,’ Francis tells me, returning to my ‘What the hell?’ question. ‘We’re definitely seeing an increase in the frequency of heavy-precipitation events . . . it’s really quite straightforward and very directly connected to climate change: as we warm the oceans and atmosphere, evaporation is increasing, which puts more water vapour into the atmosphere. Water vapour is a huge climate story that doesn’t get enough attention. Water vapour is a greenhouse gas. It’s exacerbating global warming in general. And it’s the fuel that storms feed off.’ Warming oceans add to this, but so does warming land. ‘Extra evaporation from warmer land and air means that the soils are drying out faster, especially during spring and summer when the sun is really strong. Once you dry out those soils, they can heat up much faster . . . that then feeds into intensifying heatwaves, which further intensifies drought. So, it sets up one of these feedback loops. The shift in the water cycle really means that dry areas are all getting drier and hotter, interspersed with really heavy precipitation events.’ Climate change is ‘intensifying the water cycle’, says Francis, echoing Jay. ‘By warming the climate, we’re speeding up how much water is evaporated from the oceans, it’s going into the atmosphere, and it’s raining out faster.’


And then some. Floods devastate water infrastructure and water quality just as surely as – and far more rapidly than – no rain at all. For the last decade, Santiago, Chile, has subsisted with an annual average rainfall below 300 mm. But even those years have seen extreme floods. When heavy rain hits hard, sun-baked ground, it spreads out, not down. Despite far wetter average years from 1912 to 1999, the Santiago Metropolitan Region experienced a 22 per cent increase in the number of floods and nearly six times more landslides between 2000 and 2017; in 2017, in one of its driest years on record, a flood left more than 4 million Chileans without water.12


In terms of a changing water cycle, few prospects are scarier than the Amazon. Its rainforest is often referred to as the ‘lungs of the world’, but just as important is its creation of clouds. A 2019 NASA study* showed that, for the past twenty years, the atmosphere above the Amazon rainforest had been getting drier. Armineh Barkhordarian, the study’s lead author, described ‘a significant increase in dryness in the atmosphere as well as in the atmospheric demand for water above the rainforest.’13 Elevated greenhouse-gas levels were found to be responsible for approximately half of this increased aridity, with ‘human activity’ (namely burning and clearing forests for agriculture) accounting for the rest. Trees and plants need water for photosynthesis and to cool themselves down, pulling water from the soil through their roots and releasing water vapour through pores on their leaves into the atmosphere, where it cools the air to form clouds. Rainforests are the perfect circular system. However, as the air gets drier, this system could collapse. ‘It’s a matter of supply and demand,’ said Sassan Saatchi, the study’s co-author. ‘The trees need to transpire . . . But the soil doesn’t have extra water for the trees to pull in.’ Much as with the humans, the forest ecosystem is seeing that ‘the demand is increasing, the supply is decreasing’.14 As we saw in Chapter 1, São Paulo almost ran out of water in 2014 and 2021 due to drought and deforestation on the fringes of the rainforest. Were the entire rainforest system to collapse, the consequences for the 22 million people of São Paulo, the 200 million people of Brazil, and the world generally, would be catastrophic.


In addition, the jet stream – the core of strong winds, around 8–11 km above the Earth, blowing from west to east – is not as predictable as it used to be, either.* The German and Belgian flooding, the Pacific Northwest heatwave of 2021 (which caused the Canadian town of Lytton to burn to the ground during temperatures of 49.6°C – five degrees higher than anything previously seen anywhere in Canada) and the Mississippi freezing that same winter (causing Jackson’s water crisis) were all caused by the jet stream splitting off into ‘eddies’, much like the currents of a river. ‘What happened with the Germany flood was, one of these cut-off eddies in the jet stream, south of the main flow, created this upper-level “low”,’ explains Francis. ‘You could think of it like a swirl in a river – in this case, spinning in a counter-clockwise direction. When you get one of these cut-off features that aren’t part of the main jet stream any more, they tend to just kind of sit there, sucking moisture out of the ocean, and basically just transporting and dumping it.’ This is the ‘dynamics’ of the weather event, says Francis; extra water vapour adds the ‘thermodynamics’. ‘The Pacific Northwest [event] was just the opposite situation, where the jet stream took a big swing northward, and created an eddy known as a “blocking high”, which is a very persistent heat creator . . . It was historic, the worst heatwave ever, relative to what the temperatures are supposed to be.’ An increase in such extreme weather events is now expected, says Francis. The latest Intergovernmental Panel on Climate Change (IPCC) report (2022) summarizes: ‘Climate change affects the occurrence of and exposure to hydrological extremes (high confidence) . . . increases in precipitation intensity (high confidence), local flooding (medium confidence), and drought risk (very high confidence).’15
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Graph 1 Watching groundwater depletion from the sky

Changes in total water storage across major aquifer systems globally, as shown by the NASA Gravity Recovery
and Climate Experiment (GRACE) and follow-on (GRACE-FO) satellite missions (the vertical dashed lines indicate
the gap between the decommissioning of GRACE and the launch of GRACE-FO).
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