
With elevated inflation, the Fed tightening cycle accelerating and the US yield n

curve inverting, investors are increasingly worried about the risk of a recession. 
While rising inflation and rates have pushed investors to higher strategic 
allocations to real assets including equities, a recession could change that 
playbook materially on a tactical basis. 

Forecasting recessions is difficult - while the yield curve has historically n

inverted ahead of recessions, it has been less useful for timing them. 
Current high inflation might drive an earlier and deeper inversion. Looking at a 
broader range of market indicators, including cyclicals vs. defensives valuations, 
credit spreads and Fed funds pricing, might help gauge future recession risk. 
Currently they send a mixed message, with cyclicals vs. defensives valuations 
and the yield curve more bearish, and other indicators less so. 

Low inflation and gradual monetary policy tightening since the Great n

Moderation has resulted in cycles becoming longer and lower macro 
volatility. In fact, often imbalances in the economy that grew due to lack of 
macro volatility drove recession risk. Before then recessions were more frequent 
and often related to sharply higher rates and oil price shocks, similar to now. 

Most recessions triggered, or occurred around, equity bear markets, but not all n

of them – some equity drawdowns were smaller. Broadly, cross-asset 
performance during recessions since WW2 has been mixed, with poor returns in 
equities, credit and cyclicals vs. defensives the most consistent pattern. In part 
this is as recessions differed materially in terms of macro and market conditions, 
in particular in function of inflation. 

Timing bear markets is even more difficult than forecasting recessions. n

Often equities perform well into bear markets, correct sharply early on and can 
recover quickly if macro conditions improve. And timing the market competes 
with time in the market. In many cases it was better to stay invested in the early 
stages of an equity drawdown and manage risks on the way down. With more 
equity drawdown risk we look for ‘safe assets’ to diversify portfolios better 
and option overlays to reduce portfolio risk in the coming months. 
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Recession obsession — cross-asset performance and signals 

Stagflation fears linger with growing recession concerns 
Risky assets have recovered most of their YTD losses despite elevated inflation 
and lingering growth risks. The swift recovery increases vulnerability to growth shocks 
and negative macro surprises – our economists remain below consensus on growth 
across the regions, and in particular expect growth in Europe to dip into negative 
territory in Q2 and see downside risks in China. Stagflation concerns remain high, 
especially in Europe, amid the energy crisis due to the ongoing Russia/Ukraine war. As 
inflation expectations have continued to increase YTD, cyclicals have struggled vs. 
defensives (Exhibit 1). With the Fed embarking on one of the steepest hiking cycles 
since the 1990s, there are growing concerns over recession risk – the US yield curve, 
the 2s10s spread, inverted last week (Exhibit 2).  

Market pricing of recession risk currently sending mixed signals 
Market indicators for recession risk can send false signals. As we wrote before, 
since the late 1980s the time lag between US yield curve inversion and US recessions 
has been on average 20 months – so it can be an early warning signal. That said, there 
are often wrong signals – risky assets can correct sharply for reasons other than a 
recession and regularly overshoot. And, as our rates strategy team has highlighted, in 
periods of high inflation the yield curve has inverted between 100bp and 200bp before a 
recession and a mild inversion might generate a wrong signal. 

Some market-based indicators are leading, most famously the yield curve, while others, 
such as risky assets, react mostly during or at the onset of recessions. We screen a 
wide range of indicators and pick those that, since 1950, have anticipated a recession in 
the next 12m but also those that are more coincident and reprice sharply when entering 
a recession (see Appendix for details). Combining indicators might provide a better 
signal – on average both the leading and coincident indicators have picked up YTD 
but are currently not pricing much recession risk (Exhibit 3 & Exhibit 4): 

Exhibit 1: A large gap between cyclicals vs. defensives and 
breakeven inflation in Europe 

Exhibit 2: US yield curves have now inverted, which historically 
has pointed to increased recession risk 
US yield curve slope 
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For the coincident indicators we use the S&P 500 1-year drawdown, the excess n

bond premium, USD HY credit spreads and the VIX – these increased sharply in Q1 
due to Fed tightening fears and the Russia/Ukraine war. However, they have 
declined again materially – the likelihood of an imminent recession is priced very low 
now at 4%, which increases the risk of disappointment in the event of a sharp 
growth slowdown. 

For the leading indicators we use the 2s10s yield curve, the 12m forward implied n

change in the Fed funds rate, cyclicals vs. defensives P/E ratios and MBS spreads. 
Only the 2s10s yield curve and cyclicals vs. defensives P/E ratios are pointing to 
higher than normal recession risk – the others point to very little risk. 

Exhibit 3: Market-based indicators have priced a higher probability of a recession in the next year 
Market-implied US recession risk (average of univariate logit models). Orange shade: NBER recession. Dashed 
line: unconditional probability 
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Exhibit 4: US 10y-2y yield curve and cyclicals/defensives point to highest probability of a recession 
Market-implied US recession probability based on an univariate logit model. Maximum history since 1950 
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Current market-implied recession probabilities are still below the levels that 
would normally indicate a recession. Our markets strategists found, when combining 
different segments of the yield curve a low probability of recession in the next 12m is 
priced, but a 38% probability in 24m. And cyclicals vs. defensive valuations historically 
gave some wrong signals – recently they have likely also suffered due to rising 
commodity prices and supply chain disruptions rather than only recession risk. 

Recession probabilities do not have to go to 100% – levels close to 40-50% for leading 
indicators and around 20-30% for coincident indicators gave a strong signal that we may 
be facing or are in a recession. Based on the average of the leading and coincident 
indicators, current market-implied recession risk does not appear to be very high – 
especially after the strong recovery in risky assets recently, coincident indicators 
suggest markets have faded imminent recession risk. 

And those market-based indicators do not incorporate macro conditions. Our 
economists’ recession risk model includes the yield curve (0-6 quarter) spread, the 
excess bond premium, as well as current levels of growth, overheating risk via core 
inflation and the private sector financial balance. While they see recession risk as above 
average this year, they think a recession would likely be mild by historical standards as 
the economy lacks major financial imbalances and labour markets remain strong. Our 
economists’ baseline forecast also assumes that further service sector reopening and 
spending from excess savings will keep real GDP growth positive in the coming 
quarters – but uncertainty around the outlook is higher than normal, and they 
assess the risk of a recession at 20-35% (above the unconditional average of 15%). 

High macro uncertainty as inflation volatility might drive growth risk 
After the Great Moderation US cycles have become longer due to more anchored 
inflation since the 1990s, which has allowed central banks to err on the side of 
caution and buffer growth shocks. The same was true in the 1950s and 1960s. Since 

Exhibit 5: Indicators are still low compared with where they were historically ahead of recessions 
Dashed line = current. Average market-implied probability around recessions since 1950 
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the 1990s it has been mainly growth volatility driving rates volatility and equity/bond 
correlations have been negative. As a result unemployment has been below NAIRU for 
longer, ISM slowdowns have lasted longer, the yield curve has inverted earlier and 
inflation has been between 1% and 3% for longer (Exhibit 6). 

However, inflation volatility has increased sharply since the COVID-19 crisis and is 
back to levels last seen in the 1970s (Exhibit 7). While inflation volatility was also 
elevated during the GFC, this was due to sharp declines in inflation – currently, inflation 
is overshooting on the upside driven by a combination of a strong consumer recovery 
due to reopening, labour cost inflation and supply-side shocks from commodities and 
global supply chains. This, coupled with the ongoing monetary policy normalisation, 
increases the potential for more macro volatility – inflation and rates volatility might drive 
higher growth volatility and a more positive equity/bond correlation. Macro uncertainty 
has remained very high in the recovery from the COVID-19 recovery (Exhibit 8). 

Exhibit 6: With the ‘Great Moderation’ late-cycle periods have become longer 
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Exhibit 7: Inflation volatility has increased materially, nearing 
levels from the 1970s 
Volatility of US CPI yoy inflation 

Exhibit 8: Macroeconomic uncertainty remains very elevated 
despite decreasing since the covid recession 
Percentiles of dispersion & std of revisions for cons. GDP/inflation; 
volatility of NPF, unemployment & inflation; 3m chg in EPU index 
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Most recessions triggered bear markets but mixed cross-asset response 
Not all equity bear markets occur during recessions but most recessions triggered 
large equity drawdowns. The depth of US recessions varied materially as well as the 
source, i.e., a supply or demand shock. Many pre-WW2 recessions originated in the 
financial sector, whereas many post-WW2 recessions were caused by oil shocks and 
monetary policy tightening due to inflation, as well as sentiment-driven swings in 
borrowing and investment. With longer business cycles and lower macro volatility since 
the 1990s, the build-up of such imbalances has become more frequent. 

The trigger for a recession determines the subsequent growth/inflation mix – 
during the 1970s stagflation and the 1990s Gulf War, inflation pressures remained high 
during recessions (Exhibit 9). Low and anchored inflation since the 1990s has allowed 
swift and aggressive central bank easing to buffer the business cycle while lingering 
inflation constrains policy responses. Finally, unemployment was much higher during 
the 1970s compared to now – as our economists have highlighted, current strong payroll 
growth and wage gains are likely to help offset the commodity price shock. And real 
rates are broadly still very negative, which is a big difference to historical recessions. 

Not all recessions drove deep, prolonged equity bear markets and cross-asset 
performance varied (Exhibit 10). The most severe real equity drawdowns were during 
the 1970s as well as the Tech Bubble burst and during the GFC due to the unwind of 
imbalances. But several equity drawdowns were smaller, especially during the 
1950s/1960s. Bonds had a mixed track record: during the 1970s and the 1991 Gulf War 

Exhibit 9: Recessions have been very different in terms of broader macro conditions 

US recessions Fed Funds rate Real GDP ISM CPI Core CPI Unemployment

Start End Length
(months) At start Change YoY at 

start
Peak to 
trough At start Change At start Change At start Change At start Change

Jul-1953 May-1954 10 6.8 -2.4% 46 3.8 0.4 0.4 2.6 3.3
Aug-1957 Apr-1958 8 3.2 -2.0 3.1 -3.0% 45 -6.2 3.6 0.1 4.1 3.3
Apr-1960 Feb-1961 10 3.9 -1.4 2.0 -0.3% 45 -1.7 1.9 -0.5 2.0 -1.3 5.2 1.7
Dec-1969 Nov-1970 11 9.0 -3.4 2.1 -0.2% 52 -12.3 5.9 -0.3 5.9 0.7 3.5 2.4
Nov-1973 Mar-1975 16 10.0 -4.5 4.0 -3.1% 68 -36.5 8.3 2.2 4.7 6.6 4.8 3.8
Jan-1980 Jul-1980 6 13.8 -4.8 1.4 -2.2% 46 -11.2 13.9 -0.7 12.0 0.4 6.3 1.5
Jul-1981 Nov-1982 16 19.0 -9.8 4.4 -2.5% 47 -7.5 10.8 -6.3 11.1 -5.9 7.2 3.6
Jul-1990 Mar-1991 8 8.2 -2.0 1.7 -1.3% 47 -5.9 4.8 0.0 5.1 0.1 5.5 1.3

Mar-2001 Nov-2001 8 5.3 -3.2 2.3 0.5% 43 1.0 3.0 -1.1 2.6 0.1 4.3 1.2
Dec-2007 Jun-2009 18 4.2 -4.0 1.9 -4.3% 49 -3.2 4.1 -5.3 2.4 -0.7 5.0 4.5
Feb-2020 Apr-2020 2 1.6 -1.5 2.5 -10% 50 -8.6 2.2 -1.7 2.3 -0.8 3.5 11.3
######## Current 0.2 3.9 57 7.9 6.4 3.6

Source: Haver Analytics, Datastream, Goldman Sachs Global Investment Research

Exhibit 10: Cross-asset performance during recessions varied materially 

NBER recession Real performance during the S&P 500 drawdown

Peak Trough Length S&P 500 MSCI 
Europe TOPIX MSCI 

EM US 10Y DJ Corp 
(TR) Gold Oil GSCI DXY JPY Value vs 

Growth
Cycl vs 

Defs
Jul-53 May-54 0.8 -13% 9% -8% 1% -2% -3% - 9% -10% - - -7% -6%
Aug-57 Apr-58 0.7 -21% -14% 4% -5% 8% -10% - 0% 5% - - -4% -18%
Apr-60 Feb-61 0.8 -12% 32% 36% 17% 8% 7% - -2% -5% - - -4% -11%
Dec-69 Nov-70 0.9 -38% -16% 9% 7% -14% -8% - -4% 5% - - 3% -2%
Nov-73 Mar-75 1.3 -54% -49% -42% -36% -16% -16% 100% 189% 101% -22% -16% 44% 11%
Jan-80 Jul-80 0.5 -16% -14% -8% -7% -20% -22% 14% 22% -8% 0% -17% -4% 5%
Jul-81 Nov-82 1.3 -30% -5% -6% -41% 5% 4% -53% -23% -31% 20% -29% 47% -32%
Jul-90 Mar-91 0.7 -21% -19% -33% -19% -3% -1% 6% 134% 50% -13% 14% -3% -16%
Mar-01 Nov-01 0.7 -38% -42% -41% -52% 17% 13% -2% -12% 4% 4% -12% 76% -30%
Dec-07 Jun-09 1.5 -56% -58% -57% -61% 19% -1% 22% -42% -49% 12% 16% -32% -33%
Feb-20 Apr-20 0.2 -33% -35% -22% -31% 8% -11% -3% -56% -35% 3% 1% -23% -17%

Average 0.9 -30% -19% -15% -21% 1% -4% 12% 19% 2% 0% -6% 8% -14%
Median 0.8 -30% -16% -8% -19% 5% -3% 6% -2% -5% 3% -12% -4% -16%
Hit ratio 0% 18% 27% 27% 55% 27% 57% 36% 45% 57% 43% 36% 18%

Source: Haver Analytics, Datastream, Goldman Sachs Global Investment Research
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they did not provide much of a buffer. Commodities were the mirror image, pointing to 
diversification benefits during supply-side shocks in the 1970s and early 1990s. During 
most recessions, cyclicals have underperformed defensives and credit has delivered 
poor real returns. 

Equity/bond momentum fades and credit spreads widen into recessions 
Positive equity momentum tends to fade into a recession, although material 
negative price momentum only appeared after the recession started. Still, with 
worsening macro momentum, equities are more range-bound and volatile – they 
become stuck in a ‘fat and flat’ range for a few months (Exhibit 11). Credit spreads 
usually also widened into a recession – since the 1990s USD HY credit spreads widened 
around 200bp on average ahead of the recession (Exhibit 12). But, similar to equities, 
most of the risk repricing tends to be during the recession. Bond yields had a mixed 
response into recessions depending on the level of inflation – again, the response 
differed before the 1990s and since, with bond yields usually declining into recessions 
due to deflationary risk (Exhibit 13). Commodities, as spot assets, have seldom declined 
into recessions and before the 1990s they often increased further in the early stages of 
recessions due to supply disruptions (Exhibit 14). 

Exhibit 11: Equity momentum fades before a recession 
Indexed S&P 500 performance around recessions since 1950 

Exhibit 12: HY credit spreads widen well ahead of recessions 
Change in USD HY spread (bps) around recessions since 1990 
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Exhibit 13: US 10-year yields mixed ahead of recessions 
Change in US 10Y rate (%) around recessions since 1950 

Exhibit 14: Oil prices often rallied into recessions 
Indexed oil price around recessions since 1973 
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Asset allocation implications and chasing your tail risk 

In our asset allocation are OW equities and commodities, and UW bonds & credit. 
We prefer real to nominal assets and would manage duration risk both across and within 
assets. Given the hawkish pivot from global central banks YTD, sharply higher and 
volatile commodities prices and the Russia/Ukraine crisis, we acknowledge that 
headwinds for most assets have increased. We are also OW cash, owing to more 
competition from cash for fixed income assets due to central bank tightening and to 
reduce portfolio risk given the more challenging macro conditions. While we think 
equities have a good chance of beating inflation in the long run, they might be stuck in a 
‘fat and flat’ range for some time with more opportunities for market timing. 

Timing the market vs. time in the market 
We think that  equity drawdown risk has increased since the recovery, especially 
as macro data and earnings seasons in Q2 could surprise negatively. Before the 
1990s, and especially during the 1970s, equity drawdowns were more frequent, and in 
particular equity corrections (10-20%) (Exhibit 15) – and equities were mostly 
range-bound, i.e., stuck in a ‘fat and flat’ range. There were unsurprisingly large benefits 
from avoiding deep bear markets. As we wrote before, since 1900 it has taken on 
average c.3 years to recover from a normal S&P 500 bear market (drawdown >20%). 

Avoiding equity drawdowns would unsurprisingly improve returns materially 
relative to buy-and-hold. Since 1900 the S&P 500 has delivered a c.10% return p.a. 
(Exhibit 16) but returns would likely have been much higher if investors had avoided the 
most negative return month each year – close to 18% p.a. However, timing the market 
always competes with time in the market: it has also been costly not to be invested in 
the highest return month each year – returns would have fallen to 1.5% only, removing 
all of the equity risk premium and resulting in lower returns than for US 10-year bonds.  

Exhibit 15: While there have been several large drawdowns since the GFC, there was no bear market until the Covid crisis 
Occurrence of S&P 500 drawdowns within a 12-month window 

28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 00 02 04 06 08 10 12 14 16 18 20 22
5% drawdown 10% drawdown 20% drawdown

Source: Bloomberg, Goldman Sachs Global Investment Research
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Timing bear markets when a recession is expected is difficult 
Market timing around recessions is particularly difficult. Once a recession starts 
equity returns turn more negative on average and show negative skew, but 1-year before 
a recession the distribution of equity returns is usually similar to the unconditional one 
(Exhibit 17). On average equities tend to have the lowest monthly returns in the ‘early 
recession’ phase, which is when growth momentum turns negative but levels are still 
positive. But during late recession there are some of the most positive equity returns as 
the market anticipates the recovery, again well before a recession ends. 

Exhibit 16: Timing the market - avoiding the worst months adds roughly the same as missing the best 
Annualised, cumulative total return since 1900 (nominal) 
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Source: Haver Analytics, Goldman Sachs Global Investment Research

Exhibit 17: The right tail flattens in the year preceding the recession 
1-month S&P 500 nominal return (data since 1950). Based on NBER recessions 
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Equities are forward-looking, peaking before recessions start and troughing before 
they end (Exhibit 18). As we noted above, equity momentum turns more negative 
before a recession – equities usually peak a few months before a recession starts. And 
if there is an external shock, which drives a sharp tightening in financial conditions, 
negative equity momentum can build very quickly and increase recession risk. Equities 
also tend to trough on average well before the recession ends, often in function of 
policy support or if the shock that caused the recession eases. 

Chasing your tail risk and when to worry 
Market-implied recession probabilities might help market timing – if leading 
indicators point to a higher probability of a recession, equity drawdown risk 
increases, whereas if coincident indicators signal being in a recession, right-tail 
risk picks up owing to the potential for recovery. 

Exhibit 19 and Exhibit 21 show that once the probability of a recession in the next 12 
months (leading) increases above 30%, similar to now, the risk of corrections is higher 
than normal. However, the risk of larger and more frequent drawdowns increases in 
particular once that probability is above 40%. 

On the flip side, as Exhibit 20 and Exhibit 22 show, the probability of being in a 
recession (coincident) can eventually act as a contrarian signal – if it is above 20%, tail 
risk in both directions is elevated. However, if the probability of being in a recession is 
above 40%, right-tail risk is very elevated and well above the risk of further large 
drawdown. 

In both cases current probabilities do not send a clear signal – the probability of a 
recession in the next 12m is 24% and the probability of being in a recession is 
currently just 3%. 

Exhibit 18: In the majority of cases equity bear markets start before recessions 
Bear market timing around recessions since 1900 
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The ‘safe’ choice(s) — we like US 2yr, Gold, US$ and possibly Yen later on 
Instead of timing the market, investors can create more robust multi-asset 
portfolios by adding safe assets. While in the last 30 years bonds were the most 
reliable ‘risk off’ hedge, as we wrote in our Balanced Bear research, the buffer from 
bonds and equity/bond correlations becomes less reliable with low bond yields and 
elevated inflation. Which assets are ‘safe’ or can provide a ‘hedge’ for the portfolio or 

Exhibit 19: Correction risk is elevated with 20-25% probability of 
recession risk in 12m 
S&P 500 3m returns conditional on average market-implied probability of 
a recession starting within 1 year (data since 1950) 

Exhibit 20: Low probability of being in a recession means return 
distribution is close to unconditional 
S&P 500 3m returns conditional on average market-implied probability of 
being in a recession (data since 1950) 

0%

5%

10%

15%

20%

25%

30%

35%

40%

Min -21% -15% -9% -3% 3% 9% 15% 21% Max
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Source: Haver Analytics, Goldman Sachs Global Investment Research Source: Haver Analytics, Goldman Sachs Global Investment Research

Exhibit 21: Once leading indicators point to more than 20% recession risk, equity drawdown risk increases 
Based on leading recession probability indicators (since 1950) 

Probability of a recession 
starting within 1 year Avg. S&P 500 fwd return Avg. S&P 500 fwd hit ratio Avg. S&P 500 fwd drawdown Avg. S&P 500 fwd melt-up

From To Freq 3-month 6-month 1-year 3-month 6-month 1-year 3-month 6-month 1-year 3-month 6-month 1-year
60% 100% 7% -1.4% -1.3% 1.9% 41% 34% 47% -7.5% -10.8% -16.2% 5.2% 7.8% 13.3%

40% 60% 10% 1.0% 2.4% 3.9% 52% 53% 47% -5.8% -8.5% -13.7% 6.2% 9.6% 15.4%

30% 40% 7% 1.7% 2.9% 8.2% 60% 57% 66% -5.8% -8.3% -11.9% 6.0% 9.9% 16.1%

20% 30% 8% 1.7% 4.7% 11.1% 65% 70% 78% -6.2% -8.7% -10.5% 6.9% 10.6% 18.1%

10% 20% 19% 4.3% 7.9% 14.6% 78% 86% 89% -3.3% -4.1% -5.2% 6.8% 11.2% 19.2%

5% 10% 23% 4.0% 8.3% 17.3% 75% 85% 92% -3.5% -4.7% -5.4% 6.8% 11.5% 21.1%

0% 5% 28% 4.0% 7.8% 14.9% 79% 81% 87% -3.3% -4.1% -5.1% 6.8% 11.5% 19.8%

Unconditional 3.1% 6.3% 12.7% 71% 75% 80% -4.2% -5.7% -7.6% 6.6% 10.8% 18.8%

Source: Haver Analytics, Goldman Sachs Global Investment Research

Exhibit 22: If coindicident recession risk is high, it usually points to better asymmetry for equity returns 
Based on coincident recession risk indicators (since 1950) 

Probability of being in a 
recession Avg. S&P 500 fwd return Avg. S&P 500 fwd hit ratio Avg. S&P 500 fwd drawdown Avg. S&P 500 fwd melt-up

From To Freq 3-month 6-month 1-year 3-month 6-month 1-year 3-month 6-month 1-year 3-month 6-month 1-year
60% 100% 3% 6.0% 16.1% 29.4% 68% 84% 95% -9.4% -10.3% -11.0% 12.1% 20.5% 35.5%

40% 60% 3% 4.0% 9.8% 20.7% 70% 76% 84% -6.6% -8.2% -10.1% 9.6% 15.3% 26.2%

30% 40% 4% 1.9% 6.4% 16.8% 65% 65% 75% -7.6% -9.6% -12.6% 8.0% 13.5% 24.4%

20% 30% 6% 2.8% 3.4% 10.2% 62% 56% 66% -5.7% -9.7% -14.0% 7.2% 11.5% 19.6%

10% 20% 15% 3.3% 6.2% 10.3% 66% 67% 68% -4.6% -6.7% -9.9% 7.2% 12.0% 19.8%

5% 10% 24% 3.1% 5.4% 10.7% 69% 72% 78% -4.0% -5.4% -6.9% 6.8% 10.3% 16.8%

0% 5% 45% 3.0% 6.2% 13.0% 75% 81% 86% -3.3% -4.3% -5.6% 5.5% 9.5% 17.3%

Unconditional 3.1% 6.3% 12.7% 71% 75% 80% -4.2% -5.7% -7.6% 6.6% 10.8% 18.8%

Source: Haver Analytics, Goldman Sachs Global Investment Research
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specific assets very much depends on the shock or driver of a drawdown, i.e., a 
negative growth or inflation shock (or both).  

Before the late 1990s, bonds were not good hedges for S&P 500 bear markets 
although outside the 1970s they kept their value in real terms (there was some 
benefit from international bond diversification although currency risk mattered). Gold 
was a good hedge during the higher inflation periods of the 1970s but had sharp 
drawdowns in the early 1980s. ‘Safe haven’ FX generally performed well but history is 
limited given fixed exchange rates under the Bretton Woods agreement until 1968. 

Since the 1990s, safe haven FX and Gold have been consistent mostly increased in 
‘risk off’ episodes but bonds have provided the best buffer, especially US 30-year 
bonds. Both during the GFC and the COVID-19 crisis, US 10-year TIPS initially had an 
8% and 11% drawdown respectively. Gold has been more volatile as a result – during 
the COVID-19 crisis it first sold off 12% (before rallying materially afterwards). 
Unsurprisingly a higher cash allocation consistently helped during equity drawdowns, 
even when few safe havens worked. 

Similar to the trade-off between risk and return, there is a trade-off between risk 
reduction potential and performance through cycle. Assets with the highest 
downside beta to the S&P 500, such as USD vs. procyclical FX, have generally had 
lower compound returns since 2000 (Exhibit 24). Besides adding ‘risk reducing’ assets 
to a balanced portfolio investors could also reduce risk within equities – for example, 
low vol, quality stocks1 or defensive indices like SMI (in USD) have outperformed with 
less risk since 2000. Only bonds, especially 30-year, were the outlier, delivering strong 
(risk-adjusted) returns and risk reduction but this was mainly due to tailwinds from 
falling yields, which are unlikely from here.  

1 For example: S&P 500 low volatility, MSCI Quality, MSCI Barra low vol, MSCI Barra low leverage. To further 
enhance the prospective risk/reward, our US strategy team has developed a High Sharpe Ratio basket 
(Bloomberg ticker GSTHSHRP), which combines upside to price target with a measure of implied volatilty.

Exhibit 23: Most traditional safe havens had mixed performance during the largest S&P 500 bear markets 
Performance of safe haven assets during S&P 500 bear markets (real total return in US$) 

S&P 500 bear markets Performance of 'safe assets' (real return)

Start End Length Real 
return US 10Y US 30Y US 10Y 

TIPS
Germany 

10Y
Japan 

10Y T-Bills Gold JPY/US
D

CHF/US
D DXY Resi. real 

estate
Aug-56 Oct-57 1.2 -21% -7% -10% -1% 4% 0%
Dec-61 Jun-62 0.5 -27% 2% 3% 3% 3% 18% 1%
Feb-66 Oct-66 0.7 -23% -2% -8% 0% -3% 6% 0%
Nov-68 May-70 1.5 -38% -15% -12% -12% -9% 1% 1% -21% -8% -11%
Jan-73 Oct-74 1.7 -53% -15% -35% 12% -7% -21% -4% 103% -15% 6% -21% 14%
Sep-76 Mar-78 1.5 -21% -2% -2% 2% 34% 46% -1% 42% 12% 20% -18% 19%
Nov-80 Aug-82 1.7 -30% 4% 1% -7% -33% -12% 10% -54% -30% 2% 18% 1%
Oct-87 Dec-87 0.2 -32% 5% 7% 4% 13% 20% 1% 5% 9% 3% -9% 2%
Jul-90 Oct-90 0.2 -21% -3% -6% 7% 3% 6% 0% 5% 12% 0% -10% -2%
Jul-98 Aug-98 0.1 -19% 4% 7% 0% 5% 3% 0% -7% -1% 2% -1% 2%
Mar-00 Oct-02 2.5 -51% 29% 24% 29% 16% -10% 4% 5% -19% 3% -5% 30%
Oct-07 Mar-09 1.4 -56% 20% 28% 3% 2% 24% 2% 23% 16% 12% 12% -11%
Apr-11 Oct-11 0.4 -20% 14% 35% 8% 1% 7% -1% 6% 4% 5% 7% 0%
Sep-18 Dec-18 0.3 -19% 2% 3% 0% 1% 3% 0% 5% 2% 0% 3% 3%
Feb-20 Mar-20 0.1 -34% 7% 16% -1% -1% -2% 0% -4% 0% 0% 2% 2%

Average -31% ge 3% 3% 3% 2% 6% 1% 9% -1% 4% -2% 5%
Median -27% an 2% 3% 3% 1% 4% 0% 5% 1% 2% -1% 2%

Average before 1990 -31% 90 -4% -7% 0% 0% 8% 1% 15% -6% 4% -7% 9%
Average since 1990 -31% 90 11% 15% 7% 4% 4% 1% 5% 2% 3% 1% 4%

Hit ratio 0% o 60% 60% 57% 60% 73% 67% 67% 50% 83% 45% 82%

Source: Datastream, Haver Analytics, Goldman Sachs Global Investment Research
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Many ‘safe assets’ now face headwinds from rising rates – managing duration risk 
embedded in safe havens becomes more important in periods of elevated 
inflation. Exhibit 25 shows that many of the ‘safe assets’ with the highest downside 
correlation to the S&P 500 also had a very negative correlation with the US 10-year 
yield. The US Dollar is the main exception and since the COVID-19 crisis it has been a 
more attractive ‘risk off’ hedge, as we have highlighted; however, with already hawkish 
Fed pricing and bullish positioning it might be a less good hedge for a US recession in 
the coming months. The Yen has sold off sharply due to a widening rate differential with 
the US but, as our FX team has highlighted, it could provide a better hedge during a 
US-specific growth shock (US growth/yield down). 

Bonds are likely to rally in the event of a US recession but yield curves could 
steepen in the recovery with lingering inflation. Historically inflation volatility drove 
more rates volatility and lower risk-adjusted returns for long-duration bonds. Flatteners 

Exhibit 24: Avoiding safety at any price - trade-off between downside beta and long-term return 
Data since 2000 (weekly returns, * denotes performance vs. S&P 500) 
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Source: Datastream, Goldman Sachs Global Investment Research

Exhibit 25: Dollar and selective defensive equity overlays have 
been less linked to US 10-year yields 
Data since 2000 (weekly returns, *denotes performance vs. S&P 500) 

Exhibit 26: During the 1970s steepeners generally performed better 
Total return performance 
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have performed well since the 1980s, while before that, with high and rising inflation, 
steepeners were a better strategy (Exhibit 26). While our rates team thinks it is too early 
for steepeners, shorter-duration bonds might offer a better risk reduction/cost trade-off 
than US 10-year bonds – US 2-year yields are at 2.4% and would likely decline due to 
recession risk but increase gradually in a recovery. Alternatively, combining long-duration 
bond exposure with curve cap spreads could mitigate steepening pressure later on.  

Credit vs. equity into recessions — avoid credit tail risks 
Credit and equity are procyclical assets and therefore closely linked to the 
business cycle and recession risk. However, while the level of growth has historically 
mattered the most for equities, our analysis suggests that credit is more sensitive to 
changes in growth momentum. In fact, levering up USD HY credit to match the volatility 
of the S&P 500 reveals that credit sees much larger drawdowns than equity in periods 
of sharp growth deceleration, as measured by yoy changes in our US Current Activity 
Indicator (CAI) (Exhibit 27). This is due to the higher convexity of credit, but also to the 
risk of ratings downgrades and defaults, which tend to increase and cluster around 
recessions. On the flip side, credit tends to outperform vs. equity in periods of strong 
growth acceleration, such as the recovery from a recession. 

Credit spreads tend to be very sensitive to growth as measured by the ISM, 
especially during slowdowns (Exhibit 28) – it is fairly unusual to see major spikes in 
spreads outside of recessions. After fully re-tracing the post-Ukraine war widening, 
credit spreads are now back to the lower end of their range. Under our economists’ 
baseline scenario of growth slowing down from here, we see risks for spreads as 
skewed to the wider side once weaker data come through – widening tends to be fairly 
coincident. 

Credit spreads also tend to be closely linked to equity volatility as they are similar 
to equity option premia: they typically increase sharply around VIX spikes, while they 
remain tight in low volatility regimes. This creates negative (and positive) convexity for 

Exhibit 27: Growth acceleration/decelerarion tends to matter most for equity vs. credit performance 
Shadings are NBER recessions 
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riskier credit as volatility spikes can be fast and large (and reverse quickly). While VIX 
spikes have generally been larger and more frequent than increases in credit spreads, 
especially since the GFC, the gap between the two is particularly large now, even after 
the volatility reset.  

We remain UW credit – our credit strategy team thinks spreads have likely reached 
the low end of their range and would tactically use the recent rally to reduce risk 
and move up the quality spectrum within HY. That said, they have highlighted that 
strong corporate fundamentals make a deep default cycle less likely, which could 
provide a cap for any increase in spreads compared with previous slowdowns in 
economic activity. 

Considering all options — prefer equity puts vs. receivers 
Equity volatility is countercyclical: as the cycle matures, inflation tends to pick up 
and recession risk increases, both of which can drive increased volatility. Not every 
vol spike is driven by the US business cycle – examples include corrections such as 
‘Black Monday’ in 1987, when volatility spiked primarily due to technical factors. But 
during recessions equity volatility tends to be most elevated. Since 1950, equity 
volatility also increased ahead of recessions: when growth starts to slow down, there is 
usually a shift to a higher vol regime.  

During recessions cross-asset volatility tends to increase and tail risk hedges 
become more attractive (Exhibit 31). Equity volatility has been particularly elevated 
during the recessions since the 1990s –before then, realised S&P 500 volatility was less 
extreme during recessions. However, as we have highlighted before, vol of vol has 
increased, with  S&P 500 vol spikes becoming larger and faster since the 1990s – in part 
this has been due to the build-up and subsequent unwinds of imbalances but also due 
to changes in the market microstructure, with more cyclical liquidity provision and 
hedging (partially intraday). 

Exhibit 28: Credit spreads are sensitive to growth, especially in a 
slowdown 
Shadings are NBER US recessions 

Exhibit 29: Credit spreads been closely related to equity volatility 
but are tighter currently 
Shadings are NBER US recessions 
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Since mid-March, cross-asset implied volatility has reset, especially shorter-dated, 
but it remains relatively elevated across assets (Exhibit 32). The largest vol reset from 
the peak in early March has been for risky assets – ranking tail risk hedges shows that 
those in equity and credit currently appear most attractive (Exhibit 33). But, as our credit 
strategy team has highlighted, implied equity and credit vol for the next 6m is still near 
recessionary levels, pointing to a more selective approach for tail risk hedges. While the 
lack of financial imbalances could prevent a sharp and prolonged increase in volatility, 
such as during the bear markets since the 1990s, on the flip side higher vol of vol may 
still justify some premium on convex tail hedges. 

Exhibit 30: S&P 500 volatility usually spikes around recessions and increases before 
Realised volatility of daily returns 
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Exhibit 31: Cross-asset volatility tends to be elevated during recessions but has been extreme during the GFC and COVID-19 crisis 
Volatility of daily returns 

NBER recession Realised volatility

Peak Trough Length S&P 500 MSCI 
Europe TOPIX MSCI EM US 10Y DJ Corp 

(TR) Gold Oil GSCI DXY JPY

Jul-53 May-54 0.8 10% - 15% - - 2% - - - - -
Aug-57 Apr-58 0.7 14% - 10% - - 3% - - - - -
Apr-60 Feb-61 0.8 9% - 14% - - 2% - - - - -
Dec-69 Nov-70 0.9 15% - 15% 13% 6% 4% 7% - 10% - -
Nov-73 Mar-75 1.3 21% 14% 14% 19% 4% 4% 32% - 23% 7% 9%
Jan-80 Jul-80 0.5 16% 9% 7% 11% 17% 13% 50% - 18% 8% 12%
Jul-81 Nov-82 1.3 17% 11% 11% 14% 13% 10% 33% - 12% 9% 12%
Jul-90 Mar-91 0.7 18% 17% 29% 22% 6% 4% 19% 92% 41% 10% 12%

Mar-01 Nov-01 0.7 21% 24% 23% 17% 8% 6% 14% 48% 24% 8% 9%
Dec-07 Jun-09 1.5 38% 34% 37% 38% 12% 9% 30% 63% 39% 12% 15%
Feb-20 Apr-20 0.2 72% 53% 38% 45% 15% 20% 27% 243% 65% 12% 18%

Unconditional since 1950 15% 15% 17% 17% 7% 5% 19% 41% 19% 8% 10%
Average 23% 23% 19% 22% 10% 7% 26% 111% 29% 9% 13%
Median 17% 15% 15% 17% 8% 4% 30% 63% 23% 9% 12%

% above unconditional 64% 57% 36% 63% 63% 45% 63% 100% 63% 71% 71%

Source: Haver Analytics, Datastream, Goldman Sachs Global Investment Research
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Rates volatility appears high vs. implied equity volatility (Exhibit 34). With the 
COVID-19 crisis equity volatility increased sharply, while rates volatility remained low 
due to the proximity to the zero lower bound and central banks easing – early last year 
we recommended long rates volatility exposure, e.g., payers, funded by equity puts. 
Since then rates volatility has re-rated materially due to sticky, elevated inflation and the 
sharp hawkish shifts of global central banks. While we think that uncertainty on rates 
remains high, especially front-end rates, we would now have a bias for selling rates vs. 
equity vol. In the near term, with elevated inflation, large declines in rates are unlikely 
without recession risk and growth risks, which might weigh more on equities – selling 
receivers on USD rates could help finance equity downside hedges. 

Exhibit 32: Equity and credit volatility have declined sharply while 
rates and commodities remain elevated 
Average 10-year percentile of 3m ATMF implied volatility 

Exhibit 33: Equity tail hedges have repriced more than credit - rates 
vol remains particularly sticky 
Average drawdown since 2000. *call implied vol and return changed in 
sign 
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Exhibit 34: Rates volatility now looks expensive relative to equity, especially for 2-year rates 
3m ATMF implied volatility 
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Appendix: Modelling market-implied recession probabilities 

Several variables may help predict recessions, including current economic growth, 
macroeconomic variables and asset prices (see US Economics Analyst - Recession Risk: 
Still Moderate for a review). We focus on the market-implied probability of a recession 
using univariate logit models. We screen a wide range of market-based indicators since 
19502: 

Rates: we include the yield curve slope, in the front end (12m forward n

market-implied change in the Fed funds rate, US 18m3m-3m, US 2y-3m) and back 
end (US 10y-2y, US 10y-3m), and the US real rate and breakevens 10y-2y yield curve. 

Credit: we include the credit spread across instruments and ratings (Moody’s n

BAA-AAA, USD HY, MBS and TED spreads) and the Excess Bond Premium of 
Gilchrist and Zakrajsek (2012). We also include the z-score of the USD HY spread and 
Excess Bond Premium to reflect changes in credit momentum. 

Equity: we include several valuation metrics to capture lower expected n

growth/higher required premia ahead of a recession (US Cycl vs. Defs P/E, Shiller 
P/E, Shiller EY - US 10y real rate, S&P 500 ERP) and momentum measures to 
capture a change of trend (z-score of prices and valuations, S&P 500 price vs. its 
200-day MA, the S&P 500 1-year drawdown). We consider also the VIX as volatility 
tends to increase during recessions. 

The indicators can be split into leading, for which recession pricing increases and peaks 
before the start of the recession, and coincident, whose recession pricing peaks during 
recessions. The US 10y-2y slope of the yield curve is a well-known example of a leading 
indicator, which has historically inverted well before the recession and had already 
steepened before the recession started (Exhibit 35). On the other hand, USD HY 
spreads are more of a coincident indicator: they tend to widen into a recession, but 
most of the risk repricing usually happens during the recession (Exhibit 36). 

2 Where possible, we use proxies to backcast the time series further back in time.

Exhibit 35: The yield curve inverts before the recession... 
Average US 10y-2y around NBER recessions since 1950 

Exhibit 36: ...while the USD HY spread peaks during the recession 
Average USD HY spread around NBER recessions since 1990 
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Because of this difference in timing, we assess the probability of a recession starting 
within the next 12m and the probability of being in a recession at that particular point in 
time.3 Exhibit 37 shows the t-stat and the pseudo R2 for the two logit models estimated 
across indicators. The pseudo R2 highlights the split among the leading and coincident 
variables: the leading variables are those with the highest R2 in the model for the 
probability of a recession starting within 1 year (such as the slope of the yield curve, 
MBS spreads, and the Cyclicals vs. Defensives P/E), while the coincident variables are 
those with the highest R2 in the model for the probability of being in a recession (such 
as credit spreads, the VIX and equity momentum). 

The precision measures the fraction of times when a high level of the market-implied 
probability has been followed by a recession – i.e., a higher precision means that the 
variable gives fewer false signals. On the flip side, the recall is the fraction of recessions 
which have been anticipated correctly. The slope of the yield curve has both high 
precision and recall, while MBS spreads have similar recall compared with the US 
10y-2y, but tend to give more false signals (= lower precision). Looking at the probability 
of being in a recession, USD HY spreads have the widest gap between precision and 
recall: in almost all recessions USD HY spreads widened materially but only in 1 out of 3 
instances of very wide credit spreads did a recession actually occur. 

For each of the two models we select the best 4 variables in terms of performance, 

3 We consider a recession to be the period starting in the month following an NBER peak and ending in the 
month of the next NBER trough (included). When we estimate the probability of being in a recession within 1 
year, we drop the recession periods from our sample and thus estimate the probability of going into a 
recession conditional on not  already being in one. This is consistent with our split among the two models 
(leading and coincident) and also avoids picking up the wrong signal from coincident indicators as their 
recession pricing peaks during the recession, when the probability of a new recession starting in 1 year is the 
lowest.

Exhibit 37: T-stat and goodness-of-fit measures for the univariate logit models estimated on the maximum available history since 1950 
To compute precision and recall, we consider each variable to indicate a recession if its market-implied probability is above the 75th percentile 

Probability of a recession starting within 1 year Probability of being in a recession
t-stat Ps. R2 Precision Recall AUC t-stat Ps. R2 Precision Recall AUC

12m fwd change in FF rate 1962 -45.6 47% 53% 87% 0.92 -28.6 8% 26% 55% 0.71
US 18m3m - 3m 1961 -42.8 41% 46% 77% 0.90 -2.9 0% 11% 24% 0.51
US 10y-3m 1950 -48.0 40% 53% 76% 0.90 -1.2 0% 12% 23% 0.49
US 10y-2y 1950 -48.5 39% 52% 75% 0.90 -9.9 1% 18% 35% 0.54
US 2y-3m 1950 -37.4 14% 33% 47% 0.73 6.9 0% 14% 27% 0.54
US breakeven 2s10s 1961 -36.8 14% 30% 51% 0.75 -12.2 1% 21% 45% 0.60
US real 2s10s 1961 -13.0 2% 18% 30% 0.60 6.9 0% 15% 32% 0.57
MBS spread 1988 35.5 35% 37% 74% 0.90 31.3 27% 28% 80% 0.87
USD HY spread z-score 1989 23.6 10% 32% 61% 0.74 27.2 18% 24% 66% 0.83
Excess Bond Premium 1973 21.1 5% 26% 41% 0.64 39.7 28% 38% 77% 0.86
TED spread 1986 14.9 3% 22% 47% 0.67 24.3 12% 22% 69% 0.77
Excess Bond Premium z-score 1973 11.5 1% 26% 40% 0.59 19.6 4% 19% 38% 0.65
USD HY spread 1989 8.1 1% 22% 42% 0.59 31.3 52% 35% 98% 0.96
Moody's BAA-AAA spread 1950 3.7 0% 11% 16% 0.52 41.3 15% 27% 52% 0.72
US Cycl vs. Defs P/E 1973 -34.5 23% 44% 69% 0.83 -25.0 9% 20% 41% 0.71
S&P 500 vs. 200MA 1950 -23.3 4% 30% 43% 0.67 -47.2 23% 38% 73% 0.82
Shiller EY - 10Y real rate z-score 1959 20.9 4% 26% 39% 0.63 43.2 21% 34% 67% 0.83
S&P 500 z-score 1950 -21.6 3% 29% 41% 0.64 -50.5 23% 40% 78% 0.82
S&P 500 1-year drawdown 1950 -10.9 1% 28% 40% 0.64 -52.3 28% 41% 79% 0.85
Shiller P/E 1950 -9.1 1% 20% 28% 0.59 -32.1 9% 25% 48% 0.73
VIX 1990 4.3 0% 16% 32% 0.57 30.1 28% 27% 73% 0.87
US Cycl vs. Defs price z-score 1973 -4.3 0% 21% 33% 0.54 -22.9 6% 25% 49% 0.67
S&P 500 ERP 1968 4.0 0% 15% 21% 0.53 15.8 2% 16% 30% 0.61
Shiller EY - 10Y real rate 1959 1.0 0% 16% 25% 0.47 29.9 8% 25% 49% 0.68

Avg. prob. of selected leading indicators 68% 82% 0.94 26% 51% 0.67
Avg. prob. of selected coincident indicators 29% 28% 0.66 41% 80% 0.88

Start 
date

Rates

Credit

Equity

AUC is the area under the Receiver Operating Characteristic curve and measures the trade-off between the precision and the recall of each variable. The higher the AUC, the better the signal from that 
variable, with an AUC of 0.5 associated with an uncorrelated variable. 

Source: Goldman Sachs Global Investment Research
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taking into consideration also the length of the available history. Among leading 
indicators we choose the US 10y - 2y curve, the 12m forward market-implied change in 
Fed Fund rate, the US Cyclicals vs. Defensives P/E, and MBS spreads; among coincident 
indicators we choose the Excess Bond Premium, the USD HY spread, the VIX, and the 
S&P 500 1-year drawdown.4 The recession probability implied by these 8 variables (4 
leading and 4 coincident) that we chose follows the same leading/coincident pattern 
around recessions that we described earlier (Exhibit 38 and Exhibit 39). 

We aggregate these variables into two cross-asset implied probabilities - one for a 
recession starting within 1 year and one for being in a recession - by taking the simple 
average of the probabilities implied by the four leading variables for the former and 
coincident variables for the latter (Exhibit 3). Combining the pricing implied by each 
financial variable into the two aggregates provides a better signal in terms of forecasting 
power - Exhibit 37 shows that the precision of the average probability is higher than any 
of the individual ones for both leading and coincident variables. Moreover, combining 
multiple univariate models rather than using the same variables in a multivariate model 
also allows us to use series starting in different years and reduces the risk of overfitting. 

4 We found that, historically, cyclicals have been at a large discount to defensives before almost all 
recessions and that a low relative valuation has been correlated with lower ISM since 1980. The relative 
de-rating of cyclicals likely reflects a shift from the strong growth in the initial rebound out of a recession 
towards a more subdued late-cycle growth rate, rather than towards more recession risk. As a consequence, 
the market-implied probability of recession that we estimate from it tends to increase earlier and might give 
more false signals compared with other indicators - that said, it retains some predictive power.

Exhibit 38: Leading indicators peak in the year before the 
recession... 
Market-implied probability of a recession starting in 1 year. Average 
around recessions since 1950 

Exhibit 39: ...while coincident indicators peak during the recession 
Market-implied probability of being in a recession. Average around 
recessions since 1950 
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Source: Haver Analytics, Bloomberg, Goldman Sachs Global Investment Research
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General Options Risks: The risks below and any other options risks mentioned in this research report pertain both to specific derivative trade 
recommendations mentioned and to discussion of general opportunities and advantages of derivative strategies. Unless otherwise noted, options 
strategies mentioned in this report may be a combination of the strategies below and therefore carry with them the risks of those strategies. 

Buying Options: Investors who buy call (put) options risk loss of the entire premium paid if the underlying security finishes below (above) the strike 
price at expiration. Investors who buy call or put spreads also risk a maximum loss of the premium paid. The maximum gain on a long call or put spread 
is the difference between the strike prices, less the premium paid. 

Selling Options: Investors who sell calls on securities they do not own risk unlimited loss of the security price less the strike price. Investors who sell 
covered calls (sell calls while owning the underlying security) risk having to deliver the underlying security or pay the difference between the security 
price and the strike price, depending on whether the option is settled by physical delivery or cash-settled. Investors who sell puts risk loss of the strike 
price less the premium received for selling the put. Investors who sell put or call spreads risk a maximum loss of the difference between the strikes 
less the premium received, while their maximum gain is the premium received. For options settled by physical delivery, the above risks assume the 
options buyer or seller, buys or sells the resulting securities at the settlement price on expiry. 

MSCI Disclosure 
All MSCI data used in this report is the exclusive property of MSCI, Inc. (MSCI). Without prior written permission of MSCI, this information and any 
other MSCI intellectual property may not be reproduced or redisseminated in any form and may not be used to create any financial instruments or 
products or any indices. This information is provided on an “as is” basis, and the user of this information assumes the entire risk of any use made of 
this information. Neither MSCI, any of its affiliates nor any third party involved in, or related to, computing or compiling the data makes any express or 
implied warranties or representations with respect to this information (or the results to be obtained by the use thereof), and MSCI, its affiliates and any 
such third party hereby expressly disclaim all warranties of originality, accuracy, completeness, merchantability or fitness for a particular purpose with 
respect to any of this information. Without limiting any of the foregoing, in no event shall MSCI, any of its affiliates or any third party involved in, or 
related to, computing or compiling the data have any liability for any direct, indirect, special, punitive, consequential or any other damages (including 
lost profits) even if notified of the possibility of such damages. MSCI and the MSCI indexes are service marks of MSCI and its affiliates. The Global 
Industry Classification Standard (GICS) were developed by and is the exclusive property of MSCI and Standard & Poor’s. GICS is a service mark of 
MSCI and S&P and has been licensed for use by The Goldman Sachs Group. 

Marquee Disclosure 
Marquee disclosure: Marquee is a product of the Goldman Sachs Global Markets Division. If you need access to Marquee, please contact your GS 
salesperson or email the Marquee team at gs-marquee-sales@gs.com. 

Regulatory disclosures 
Disclosures required by United States laws and regulations 
See company-specific regulatory disclosures above for any of the following disclosures required as to companies referred to in this report: manager or 
co-manager in a pending transaction; 1% or other ownership; compensation for certain services; types of client relationships; managed/co-managed 
public offerings in prior periods; directorships; for equity securities, market making and/or specialist role. Goldman Sachs trades or may trade as a 
principal in debt securities (or in related derivatives) of issuers discussed in this report.  

The following are additional required disclosures: Ownership and material conflicts of interest: Goldman Sachs policy prohibits its analysts, 
professionals reporting to analysts and members of their households from owning securities of any company in the analyst’s area of coverage.  
Analyst compensation:  Analysts are paid in part based on the profitability of Goldman Sachs, which includes investment banking revenues.  Analyst 
as officer or director: Goldman Sachs policy generally prohibits its analysts, persons reporting to analysts or members of their households from 
serving as an officer, director or advisor of any company in the analyst’s area of coverage.  Non-U.S. Analysts:  Non-U.S. analysts may not be 
associated persons of Goldman Sachs & Co. LLC and therefore may not be subject to FINRA Rule 2241 or FINRA Rule 2242 restrictions on 
communications with subject company, public appearances and trading securities held by the analysts.  

Additional disclosures required under the laws and regulations of jurisdictions other than the United States 
The following disclosures are those required by the jurisdiction indicated, except to the extent already made above pursuant to United States laws and 
regulations. Australia: Goldman Sachs Australia Pty Ltd and its affiliates are not authorised deposit-taking institutions (as that term is defined in the 
Banking Act 1959 (Cth)) in Australia and do not provide banking services, nor carry on a banking business, in Australia. This research, and any access to 
it, is intended only for “wholesale clients” within the meaning of the Australian Corporations Act, unless otherwise agreed by Goldman Sachs. In 
producing research reports, members of the Global Investment Research Division of Goldman Sachs Australia may attend site visits and other 
meetings hosted by the companies and other entities which are the subject of its research reports. In some instances the costs of such site visits or 
meetings may be met in part or in whole by the issuers concerned if Goldman Sachs Australia considers it is appropriate and reasonable in the specific 
circumstances relating to the site visit or meeting. To the extent that the contents of this document contains any financial product advice, it is general 
advice only and has been prepared by Goldman Sachs without taking into account a client’s objectives, financial situation or needs. A client should, 
before acting on any such advice, consider the appropriateness of the advice having regard to the client’s own objectives, financial situation and needs. 
A copy of certain Goldman Sachs Australia and New Zealand disclosure of interests and a copy of Goldman Sachs’ Australian Sell-Side Research 
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Independence Policy Statement are available at: https://www.goldmansachs.com/disclosures/australia-new-zealand/index.html.  Brazil: Disclosure 
information in relation to CVM Resolution n. 20 is available at https://www.gs.com/worldwide/brazil/area/gir/index.html. Where applicable, the 
Brazil-registered analyst primarily responsible for the content of this research report, as defined in Article 20 of CVM Resolution n. 20, is the first author 
named at the beginning of this report, unless indicated otherwise at the end of the text.  Canada: This information is being provided to you for 
information purposes only and is not, and under no circumstances should be construed as, an advertisement, offering or solicitation by Goldman Sachs 
& Co. LLC for purchasers of securities in Canada to trade in any Canadian security. Goldman Sachs & Co. LLC is not registered as a dealer in any 
jurisdiction in Canada under applicable Canadian securities laws and generally is not permitted to trade in Canadian securities and may be prohibited 
from selling certain securities and products in certain jurisdictions in Canada. If you wish to trade in any Canadian securities or other products in 
Canada please contact Goldman Sachs Canada Inc., an affiliate of The Goldman Sachs Group Inc., or another registered Canadian dealer.  Hong Kong: 
Further information on the securities of covered companies referred to in this research may be obtained on request from Goldman Sachs (Asia) L.L.C.  
India: Further information on the subject company or companies referred to in this research may be obtained from Goldman Sachs (India) Securities 
Private Limited, Research Analyst - SEBI Registration Number INH000001493, 951-A, Rational House, Appasaheb Marathe Marg, Prabhadevi, Mumbai 
400 025, India, Corporate Identity Number U74140MH2006FTC160634, Phone +91 22 6616 9000, Fax +91 22 6616 9001. Goldman Sachs may 
beneficially own 1% or more of the securities (as such term is defined in clause 2 (h) the Indian Securities Contracts (Regulation) Act, 1956) of the 
subject company or companies referred to in this research report.  Japan: See below.  Korea: This research, and any access to it, is intended only for 
“professional investors” within the meaning of the Financial Services and Capital Markets Act, unless otherwise agreed by Goldman Sachs. Further 
information on the subject company or companies referred to in this research may be obtained from Goldman Sachs (Asia) L.L.C., Seoul Branch.  New 
Zealand: Goldman Sachs New Zealand Limited and its affiliates are neither “registered banks” nor “deposit takers” (as defined in the Reserve Bank of 
New Zealand Act 1989) in New Zealand. This research, and any access to it, is intended for “wholesale clients” (as defined in the Financial Advisers Act 
2008) unless otherwise agreed by Goldman Sachs. A copy of certain Goldman Sachs Australia and New Zealand disclosure of interests is available at: 
https://www.goldmansachs.com/disclosures/australia-new-zealand/index.html.  Russia: Research reports distributed in the Russian Federation are not 
advertising as defined in the Russian legislation, but are information and analysis not having product promotion as their main purpose and do not 
provide appraisal within the meaning of the Russian legislation on appraisal activity. Research reports do not constitute a personalized investment 
recommendation as defined in Russian laws and regulations, are not addressed to a specific client, and are prepared without analyzing the financial 
circumstances, investment profiles or risk profiles of clients. Goldman Sachs assumes no responsibility for any investment decisions that may be taken 
by a client or any other person based on this research report.  Singapore: Goldman Sachs (Singapore) Pte. (Company Number: 198602165W), which is 
regulated by the Monetary Authority of Singapore, accepts legal responsibility for this research, and should be contacted with respect to any matters 
arising from, or in connection with, this research.  Taiwan: This material is for reference only and must not be reprinted without permission. Investors 
should carefully consider their own investment risk. Investment results are the responsibility of the individual investor.  United Kingdom: Persons who 
would be categorized as retail clients in the United Kingdom, as such term is defined in the rules of the Financial Conduct Authority, should read this 
research in conjunction with prior Goldman Sachs research on the covered companies referred to herein and should refer to the risk warnings that have 
been sent to them by Goldman Sachs International. A copy of these risks warnings, and a glossary of certain financial terms used in this report, are 
available from Goldman Sachs International on request.   

European Union and United Kingdom: Disclosure information in relation to Article 6 (2) of the European Commission Delegated Regulation (EU) 
(2016/958) supplementing Regulation (EU) No 596/2014 of the European Parliament and of the Council (including as that Delegated Regulation is 
implemented into United Kingdom domestic law and regulation following the United Kingdom’s departure from the European Union and the European 
Economic Area) with regard to regulatory technical standards for the technical arrangements for objective presentation of investment 
recommendations or other information recommending or suggesting an investment strategy and for disclosure of particular interests or indications of 
conflicts of interest is available at https://www.gs.com/disclosures/europeanpolicy.html which states the European Policy for Managing Conflicts of 
Interest in Connection with Investment Research.   

Japan: Goldman Sachs Japan Co., Ltd. is a Financial Instrument Dealer registered with the Kanto Financial Bureau under registration number Kinsho 
69, and a member of Japan Securities Dealers Association, Financial Futures Association of Japan and Type II Financial Instruments Firms Association. 
Sales and purchase of equities are subject to commission pre-determined with clients plus consumption tax. See company-specific disclosures as to 
any applicable disclosures required by Japanese stock exchanges, the Japanese Securities Dealers Association or the Japanese Securities Finance 
Company.   

Global product; distributing entities 
The Global Investment Research Division of Goldman Sachs produces and distributes research products for clients of Goldman Sachs on a global basis. 
Analysts based in Goldman Sachs offices around the world produce research on industries and companies, and research on macroeconomics, 
currencies, commodities and portfolio strategy. This research is disseminated in Australia by Goldman Sachs Australia Pty Ltd (ABN 21 006 797 897); in 
Brazil by Goldman Sachs do Brasil Corretora de Títulos e Valores Mobiliários S.A.; Public Communication Channel Goldman Sachs Brazil: 0800 727 5764 
and / or contatogoldmanbrasil@gs.com. Available Weekdays (except holidays), from 9am to 6pm. Canal de Comunicação com o Público Goldman Sachs 
Brasil: 0800 727 5764 e/ou contatogoldmanbrasil@gs.com. Horário de funcionamento: segunda-feira à sexta-feira (exceto feriados), das 9h às 18h; in 
Canada by Goldman Sachs & Co. LLC; in Hong Kong by Goldman Sachs (Asia) L.L.C.; in India by Goldman Sachs (India) Securities Private Ltd.; in Japan 
by Goldman Sachs Japan Co., Ltd.; in the Republic of Korea by Goldman Sachs (Asia) L.L.C., Seoul Branch; in New Zealand by Goldman Sachs New 
Zealand Limited; in Russia by OOO Goldman Sachs; in Singapore by Goldman Sachs (Singapore) Pte. (Company Number: 198602165W); and in the 
United States of America by Goldman Sachs & Co. LLC. Goldman Sachs International has approved this research in connection with its distribution in 
the United Kingdom.  

Effective from the date of the United Kingdom’s departure from the European Union and the European Economic Area (“Brexit Day”) the following 
information with respect to distributing entities will apply: 

Goldman Sachs International (“GSI”), authorised by the Prudential Regulation Authority (“PRA”) and regulated by the Financial Conduct Authority 
(“FCA”) and the PRA, has approved this research in connection with its distribution in the United Kingdom. 

European Economic Area: GSI, authorised by the PRA and regulated by the FCA and the PRA, disseminates research in the following jurisdictions 
within the European Economic Area: the Grand Duchy of Luxembourg, Italy, the Kingdom of Belgium, the Kingdom of Denmark, the Kingdom of 
Norway, the Republic of Finland, the Republic of Cyprus and the Republic of Ireland; GS -Succursale de Paris (Paris branch) which, from Brexit Day, will 
be authorised by the French Autorité de contrôle prudentiel et de resolution (“ACPR”) and regulated by the Autorité de contrôle prudentiel et de 
resolution and the Autorité des marches financiers (“AMF”) disseminates research in France; GSI - Sucursal en España (Madrid branch) authorized in 
Spain by the Comisión Nacional del Mercado de Valores disseminates research in the Kingdom of Spain; GSI - Sweden Bankfilial (Stockholm branch) is 
authorized by the SFSA as a “third country branch” in accordance with Chapter 4, Section 4 of the Swedish Securities and Market Act (Sw. lag 
(2007:528) om värdepappersmarknaden) disseminates research in the Kingdom of Sweden; Goldman Sachs Bank Europe SE (“GSBE”) is a credit 
institution incorporated in Germany and, within the Single Supervisory Mechanism, subject to direct prudential supervision by the European Central 
Bank and in other respects supervised by German Federal Financial Supervisory Authority (Bundesanstalt für Finanzdienstleistungsaufsicht, BaFin) and 
Deutsche Bundesbank and disseminates research in the Federal Republic of Germany and those jurisdictions within the European Economic Area 
where GSI is not authorised to disseminate research and additionally, GSBE, Copenhagen Branch filial af GSBE, Tyskland, supervised by the Danish 
Financial Authority disseminates research in the Kingdom of Denmark; GSBE - Sucursal en España (Madrid branch) subject (to a limited extent) to local 
supervision by the Bank of Spain disseminates research in the Kingdom of Spain;  GSBE - Succursale Italia (Milan branch) to the relevant applicable 
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extent, subject to local supervision by the Bank of Italy (Banca d’Italia) and the Italian Companies and Exchange Commission (Commissione Nazionale 
per le Società e la Borsa “Consob”) disseminates research in Italy; GSBE - Succursale de Paris (Paris branch), supervised by the AMF and by the ACPR 
disseminates research in France; and GSBE - Sweden Bankfilial (Stockholm branch), to a limited extent, subject to local supervision by the Swedish 
Financial Supervisory Authority (Finansinpektionen) disseminates research in the Kingdom of Sweden.  

General disclosures 
This research is for our clients only. Other than disclosures relating to Goldman Sachs, this research is based on current public information that we 
consider reliable, but we do not represent it is accurate or complete, and it should not be relied on as such. The information, opinions, estimates and 
forecasts contained herein are as of the date hereof and are subject to change without prior notification. We seek to update our research as 
appropriate, but various regulations may prevent us from doing so. Other than certain industry reports published on a periodic basis, the large majority 
of reports are published at irregular intervals as appropriate in the analyst’s judgment. 

Goldman Sachs conducts a global full-service, integrated investment banking, investment management, and brokerage business. We have investment 
banking and other business relationships with a substantial percentage of the companies covered by our Global Investment Research Division. 
Goldman Sachs & Co. LLC, the United States broker dealer, is a member of SIPC (https://www.sipc.org).  

Our salespeople, traders, and other professionals may provide oral or written market commentary or trading strategies to our clients and principal 
trading desks that reflect opinions that are contrary to the opinions expressed in this research. Our asset management area, principal trading desks and 
investing businesses may make investment decisions that are inconsistent with the recommendations or views expressed in this research. 

We and our affiliates, officers, directors, and employees, will from time to time have long or short positions in, act as principal in, and buy or sell, the 
securities or derivatives, if any, referred to in this research, unless otherwise prohibited by regulation or Goldman Sachs policy.  

The views attributed to third party presenters at Goldman Sachs arranged conferences, including individuals from other parts of Goldman Sachs, do not 
necessarily reflect those of Global Investment Research and are not an official view of Goldman Sachs. 

Any third party referenced herein, including any salespeople, traders and other professionals or members of their household, may have positions in the 
products mentioned that are inconsistent with the views expressed by analysts named in this report. 

This research is focused on investment themes across markets, industries and sectors. It does not attempt to distinguish between the prospects or 
performance of, or provide analysis of, individual companies within any industry or sector we describe. 

Any trading recommendation in this research relating to an equity or credit security or securities within an industry or sector is reflective of the 
investment theme being discussed and is not a recommendation of any such security in isolation. 

This research is not an offer to sell or the solicitation of an offer to buy any security in any jurisdiction where such an offer or solicitation would be 
illegal. It does not constitute a personal recommendation or take into account the particular investment objectives, financial situations, or needs of 
individual clients. Clients should consider whether any advice or recommendation in this research is suitable for their particular circumstances and, if 
appropriate, seek professional advice, including tax advice. The price and value of investments referred to in this research and the income from them 
may fluctuate. Past performance is not a guide to future performance, future returns are not guaranteed, and a loss of original capital may occur. 
Fluctuations in exchange rates could have adverse effects on the value or price of, or income derived from, certain investments.  

Certain transactions, including those involving futures, options, and other derivatives, give rise to substantial risk and are not suitable for all investors. 
Investors should review current options and futures disclosure documents which are available from Goldman Sachs sales representatives or at 
https://www.theocc.com/about/publications/character-risks.jsp and 
https://www.fiadocumentation.org/fia/regulatory-disclosures_1/fia-uniform-futures-and-options-on-futures-risk-disclosures-booklet-pdf-version-2018. 
Transaction costs may be significant in option strategies calling for multiple purchase and sales of options such as spreads. Supporting documentation 
will be supplied upon request.  

Differing Levels of Service provided by Global Investment Research: The level and types of services provided to you by the Global Investment 
Research division of GS may vary as compared to that provided to internal and other external clients of GS, depending on various factors including your 
individual preferences as to the frequency and manner of receiving communication, your risk profile and investment focus and perspective (e.g., 
marketwide, sector specific, long term, short term), the size and scope of your overall client relationship with GS, and legal and regulatory constraints.  
As an example, certain clients may request to receive notifications when research on specific securities is published, and certain clients may request 
that specific data underlying analysts’ fundamental analysis available on our internal client websites be delivered to them electronically through data 
feeds or otherwise. No change to an analyst’s fundamental research views (e.g., ratings, price targets, or material changes to earnings estimates for 
equity securities), will be communicated to any client prior to inclusion of such information in a research report broadly disseminated through electronic 
publication to our internal client websites or through other means, as necessary, to all clients who are entitled to receive such reports. 

All research reports are disseminated and available to all clients simultaneously through electronic publication to our internal client websites. Not all 
research content is redistributed to our clients or available to third-party aggregators, nor is Goldman Sachs responsible for the redistribution of our 
research by third party aggregators. For research, models or other data related to one or more securities, markets or asset classes (including related 
services) that may be available to you, please contact your GS representative or go to https://research.gs.com. 

Disclosure information is also available at https://www.gs.com/research/hedge.html or from Research Compliance, 200 West Street, New York, NY 
10282. 

© 2022 Goldman Sachs.  

No part of this material may be (i) copied, photocopied or duplicated in any form by any means or (ii) redistributed without the prior written 
consent of The Goldman Sachs Group, Inc.  
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